CISPR 11:2015-06 RLV(en)

IEC CISPR 11

®
®

Edition 6.0 2015-06

REDLINE VERSION
INTERNATIONAL
STANDARD
N}
Q}/
2
P
'\'\‘ y dolour
Q. inside
X
&
NTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFEREN@
S
<

N
Industrial, scientific and medical equipmen?&Radio-frequency disturbance

characteristics — Limits and methods ot\ asurement



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

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2015 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 WWW iec ch

Switzerland

Abput the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and ‘publisies
International Standards for all electrical, electronic and related technologies.

Abjout IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have fhe
latgst edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue Electropedia - www.electropédia.org
The stand-alone application for consulting the entre  The world's leading online~dictionary of electronic #@nd
bibjiographical information on IEC International Standards, electrical terms containing’21 000 terms and definitiong in
Tec¢hnical Specifications, Technical Reports and other  English and French, withequivalent terms in 16 additignal
do¢uments. Available for PC, Mac OS, Android Tablets and languages. Also known as the International Electrotechnjcal
iPgd. Vocabulary (IEV)online.

IEQ publications search - webstore.iec.ch/advsearchform IEC Glossary)>std.iec.ch/glossary
The advanced search enables to find IEC publications by a 67 000 electrotechnical terminology entries in English and
varnjety of criteria (reference number, text, technical  French extracted from the Terms and Definitions clausq of
corhmittee,...). It also gives information on projects, replaced  IEC publications issued since 2002. Some entries have bgen
andl withdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and

CISPR.
IEQ Just Published - webstore.iec.ch/justpublished

Stdy up to date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/csc
defails all new publications released. Available online and“~’ If you wish to give us your feedback on this publicatior| or
alsp once a month by email. need further assistance, please contact the Customer Seryice
Centre: sales@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://standardsiso.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11

Edition 6.0 2015-06
REDLINE VERSION

INTERNATIONAL
STANDARD

.' golour
hside

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

ndustrial, scientific and medical equipment - Radio-frequency disturbance
characteristics — Limits and methods of measurement

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.100.10 ISBN 978-2-8322-2742-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


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

-2- CISPR 11:2015 RLV © IEC 2015

CONTENTS

FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 8
INTRODUGCTION ..ottt et e e e e e e e e et et e et e e e et e et e e e eanns 11
1 ST o 1= S 12
2 NOrMative referENCES ... e 12
3 Terms and definitioNs ... 13
4 —Freguencies desigmated for tSMUse - 16
5| Classification of 4SM equipment ... ... e N g 17
5.1 Separation iNt0 GroUPS ....veiii e L e 17
5.2 DivisSion iNtO ClaSSES ...c.iuiiii e N e 17
5.3 trformation Documentation for the user ... el 17

6 | Limits of electromagnetic disturbances .............ccooviiiiiiiiiii i N 18
6.1 General. ... D 18
6.2 Group 1 equipment measured on atestsite.......coooiiii s 18
6.2.1 Limits-of-terminal-disturbance-voltage for conductedidisturbances................. 18
6.2.2 Limits of electromagnetic radiation disturbances.. .......c..cooiiiiin, P 1

6.3 Group 2 equipment measured on atestsite....... {0 P2
6.3.1 Limits-ef-terminal-disturbance-voltage for.conducted disturbances.................. p2
6.3.2 Limits of electromagnetic radiation disturbance................c..coocoviiiiiinnnn, R4

6.4 Group 1 and group 2 class A equipment measured in SitU..........c..ceeeveeiiiiiniinnnnn... 31
6.4.1 Limits-ef-terminal-disturbance-voltage for conducted disturbances................. 31
6.4.2 Limits of electromagnetic radiation disturbance................c..cocoviiiiiiinnn, 31

7 Measurement reqUIrEMENTS ... ... it e e e 33
71 LT =Y o= - ¥ S 33
7.2 AMDIENT NOISE ... N T e e 33
7.3 MeasSUriNg QUIPMIENt ... e e e e 34
7.3.1 Measuring INSTEUMENTS ... ot 34
7.3.2 Artificial-mains Network (AN ) ... 35
7.3.3 VO AGEPIODE . 35
7.3.4 ANTERATIAS ..o 36
7.3.5 AFHIFICIal NANA ... 36

7.4 FreQUency MeasUrEMENT. . ... e 36
7.5 Configuration of equipment under test........cooiiiiiiiii i 37
7.5.1 LY o= = | P 37
7%5.2 Interconnecting Cables ... 39
7563 Connectionto-the-electricity-supplhyrretworkenatestsite ———— 0

7.6 Load conditions of equipment under test ... 42
7.6.1 GBNEIAL .. 42
7.6.2 Medical eqUIPMENT ... . 43
7.6.3 Industrial equUIPMENt ... 44
7.6.4 Scientific, laboratory and measuring equipment ..o 45
7.6.5 Microwave cooking applianCes. ... ..o 45
7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz.................ccennnl. 45

76 7—Si i i i i FANCeS e

7.6.7 Electric welding equipment ... 46
7.6.8 ISM RF lighting equipment. ... ... 47


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

CISPR 11:2015 RLV © IEC 2015 -3-

7.6.9 Medium voltage (MV) and high voltage (HV) switchgear .....................c.... 47
7.6.10 Grid connected POWET CONVEITEIS ...ciuuiiiiiii i 47
7.7 Recording of test-site measurement results ..........cccooiiiiiiiiii i 47
7.71 LT o= = | P 47
7.7.2 (070] 3o [0 o7 (Yo I=1 ¢ 1111 o] o I TR 48
7.7.3 Radiated emiSSIONS ..o 48
8  Special provisions for test site measurements (9 kHzto 1 GHz) .........ccccoiiiiiiiiinnne. 48
8.1 GroUNd PlANES ..o 48
8.2 Measurement of-matrstermthal-disturbarce—volage conducied disturbances ....5.. 18
8.2.1 GBNETAl e N 18
8.2.2 Measurements on grid connected power converters............coovevveviic g N, 19
8.2.3 Handheld equipment which are normally operated without an earth
CONNECHION ...t S ST 63
8.3 Radiation test site for 9 kHzto 1 GHz ... N e b4
8.3.1 GENEIAL .. B e b4
8.3.2 Validation of the radiation test site (9 kHzto 1 GHz) ..., oo, b5
8.3.3 Disposition of equipment under test (9 kHzto 1 GHz) .. .o 55
8.3.4 Radiation measurements (9 kHz to 1 GHZ) ......... v, 55
8.4 Alternative radiation test sites for the frequency range 30 MHz to 1 GHz .............. 65
9 | Radiation measurements: 1 GHz t0 18 GHz..............d). ¥ i, 56
9.1 Test arrangemeEnt. ... e 56
9.2 ReECEIVING @NtENNA ..o B ettt et 56
9.3 Validation and calibration of test site... 5. 56
9.4 MeEasSUriNG PrOCEAUIE .. ..iui e e ettt e e e et et e e e et e et e e et e e e nen e e aaaenas 56
9.4.1 GeNEral .o R 56
9.4.2 Operating conditions of tHeEUT . ... 57
9.4.3 Preliminary measurem@ent ... ..o 57
9.4.4 Final measurement . . o 58
1O MeasUremMeENt iN SItU ... St e e 59
11 Safety precautions for ermission measurements on ISM RF equipment ..........ccceeevennnn. 60

Annex C (normative) Measurement of electromagnetic radiation disturbance in the

presence of signals from radio transmitters ... 65

Annex D (informative) Propagation of interference from industrial radio-frequency

equipment at frequencies between 30 MHz and 300 MHz ..........cooiiiiiiii i, 66

Annex E (informative) Recommendations of CISPR for protection of certain radio

SEIVICES IN PAMTICUIAI @rEaS ....eniii i e et e e e e et e e e aaenen 67
E.1 tatrodetion General ..o 67

E.2 Recommendations for protection of safety-related radio services.......................... 67



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

-4 - CISPR 11:2015 RLV © IEC 2015

E.3 Recommendations for protection of specific sensitive radio services..................... 67
Annex F (informative) Frequency bands allocated for safety-related radio services.............. 68
Annex G (informative) Frequency bands allocated for sensitive radio services..................... 69
Annex H (informative) Statistical assessment of series produced equipment against

the requirements of CISPR standards ...........oooiiiiiiiiii e 71

H.1 Significance of @ CISPR IIMit . ... 71

H.2 TP BB S it 71

H.3 Statistical assessment of series produced equipment...........cccoeeiiiiiiiiiiiiiieeeen 71

H.3.1 Assessment based on a general margin to the limit ................................ Q 1
H.3.2 Assessment based on the non-central ¢-distribution ..., N 72
H.3.3 Assessment based on the binomial distribution.......................l. (OQ‘ 74
H.3.4 Equipment produced on an individual basis .................... 'X ........... 74
Arnnex | (normative) Artificial Network (AN) for the assessment of dlsturbanC(;\q/
voltages at d.c. power ports of semiconductor power converters...........h.. N eveeieeieennnen. 75
[.1 General information and purpose ........cooooiiiiiiiiiiii Q~ ........................ 75
1.2 Structures for a DC-AN ... éz ............................. 75
1.2.1 AN suitable for measurement of unsymmetrical mod@\UM) disturbances ...... 75
1.2.2 AN suitable for measurement of common mode (€) and differential
mode (DM) disturbances.............cccoeevvenennnnn. Q ............................................ 75
1.2.3 AN suitable for measurement of UM, CM aQ@M disturbances ..................... 76
1.3 Employment of DC-ANs for compliance mea@ements ......................................... 76
1.3.1 GENEIAI L. s 76
@
1.3.2 Pseudo V-AN ..., R s 76
1.3.3 Delta-AN....o.oooeeeeeeeeeee, R\ YT 76
.4 Normative technical requirements&‘% the DC-AN L. 77
1.4.1 Parameters and associatg@tolerances in the range 150 kHz to 30 MHz ........ 77
1.4.2 Parameters and assoc@&ed tolerances in the range 9 kHz to 150 kHz ........... 78

.5 Examples of practical i@mentations Of DC-ANS .o 78
Arnnex J (informative) Measuregments on Grid Connected Power Converters (GCPC) —

Setups for an effective site configuration ..o 81

J.1 General inform€tjon =Y Lo I 01U T o To 1= = S 81

J.2 Setup of t @ét STl et 81

J.2.1 Blo agram of test Site ... 81
J.2.2 [0 XN TZ=T =T U o] o P 82
J.2.3 (O o Yo XNV =T T o U1 o= 82
J.2.4 Q Other COMPONENTS ..o e 83

?%ther 1St SBIUP S i 83
&3 Configuration comprising laboratory AC power source and resistive load....... 83
J 3.2 Configuration in case of reverse power flow to the AU mains......................... 4

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................cocooii 86
K.1 General information and PUMPOSE ....ouiiiiiiii e 86
K.2 Recommendations for avoidance of saturation effects in the range 9 kHz to

T80 KHZ e e 87

K.3 Detailed adViCe ... e 87

K.3.1 GBNEIA e 87
K.3.2 Insert of series inductors (or common mode chokes) in the laboratory's

d.c. power sUpPly Chain ... 88


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

CISPR 11:2015 RLV © IEC 2015 -5-

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..................ccoin. 89
K.4 Background information ... 90
71 0] [ o = o 2 /278 92

Figure-4 1 — Circuit for disturbance voltage measurements on mains supply-{see 733} ....... 35

Figure-6 2 — Artificial hand, RC element{see—7-3-5) .. ..ot 36

Figure 3 — Example for a typical cable arrangement for measurements of radiated Q

digsturbances in 3 m separation distance, Table-top EUT ... 38

Figure 4 — Example for a typical test set up for measurement of conducted and/or Q‘

ragliated disturbances from a floor standing EUT, 3D view ..........cc.ooioiiiiiiiinian... ’\<Q ......... 39

Figure-3 5 — Disposition of medical (capacitive type) and dummy Ioad+see—7—.6.—‘23% ............. 43

Figure 6 — Typical arrangement for measurement of conducted disturbances\'at LV d.c.

pawer ports with the DC-AN used as termination and decoupling unit to Qalaboratory

Lo B B o To XY= T =T o TU | o = P S P 51

Figure 7 — Typical arrangement for measurement of conducted dis*ﬁr?nces at LV d.c.

pawer ports with the DC-AN used as termination and voltage prol&g ..................................... 651

Figure 8 — Typical arrangement for measurement of conducteQ g?sturbances at LV d.c.

pawer ports with the DC-AN used as voltage probe and wi current probe — 2D

Lo 1 T =T o S PPN 52
N

Figure 9 — Typical arrangement for measurement of c nducted disturbances at LV d.c.

pawer ports with a DC-AN used as voltage probe an@,with a current probe — 3D

AIRGIAM e R e b3

Figure-+ 10 — Test site ....cocviiiiiiiiis \@$ ................................................................. b4

Figure-2 11 — Minimum size of metal grou&d%lane ............................................................... 64

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

of{elass-B; group 2-1SM equipment @iating at frequencies above 400 MHz........................ 57

Figure H.1 — An example of possi&é difficulties ... 74

Figure 1.1 — Practical imple tion of a 150 Q DC-AN suitable for measurement of

UM disturbances (EXampPle . ..o 78

Figure 1.2 — Practical iptplementation of a 150 Q DC-AN suitable for measurement of

CM and DM disturb s (Example, see also Figure A.2 in CISPR 16-1-2:2014)................. 79

Figure 1.3 — Practi implementation of a 150 Q DC-AN suitable for measurement of

UM, or CM an disturbances (Example 1) ... 79

Figure 1.4 actical implementation of a 150 Q DC-AN suitable for measurement of

UM, or nd DM disturbances (EXample 2) ..o 80

Figur %— Practical implementation of a 150 Q DC-AN suitable for measurement of

UIVI,Cg CM and DM disturbances (EXample 3) ... 80

Figure J.1 — Setup of the test site (Case 1) — 2D diagram ..........ccoooiiiiiiiiii 81

Figure J.2 — Setup of the test site (Case 1) — 3D diagram ..o 82

Figure J.3 — Setup of the test site (Case 2) — 2D diagram ...........coooiiiiiiiii i, 83

Figure J.4 — Setup of the test site (Case 2) — 3D diagram ...........coooviiiiiiiiiii i, 84

Figure J.5 — Setup of the test site (Case 3) — 2D diagram .........cccooeiiiiiiiiii 85

Figure J.6 — Setup of the test site (Case 3) — 3D diagram ..........ccooeiiiiiiiiii 85

Figure K.1 — Flow of the common mode RF current at test site configuration level ............... 88

Figure K.2 — Blocking of flow of common mode RF current by insert of series inductors....... 89

Figure K.3 — Blocking of flow of common mode RF current by employment of
additional CM decoupling CapaCitors ... ..o e 89



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

-6- CISPR 11:2015 RLV © IEC 2015

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 ...................e. 90

Figure K.5 — Prevention of saturation of mitigation filters by use of additional
[oT=YoTo 0] o1 11T Jz=] o = T3 | o = PP 91

Figure K.6 — Change in the resonant frequency caused by the increase and decrease
in the decoupling capacitor's CapacitanCe ... ..o 91

Figure K.7 — DC-AN circuit example where capacitance of blocking capacitors of the
LC decoupling circuit can be increased or decreased...........c.oieiiiiiiiiiiiii e 91

Tdble 1 — Frequencies in the radio-frequency (RF) range designated by ITU for use as

fundamental ISM freqUeNCIES ... .o A 16
Tgble 2 —Mains-terminal Disturbance voltage limits for class A group 1 equipment

measured on a test site (a.C. MaINS POWET POIt) . ...iiuiiiiiiii e e b e e 19
Tgble 3 — Limits for conducted disturbances of class A group 1 equipment meéasured

onf a test Site (d.C. POWET POIT) .uuiiiiii e g e e e e PO
Tgble-3 4 —Mains-terminal Disturbance voltage limits for class B group<? equipment
measured on a test site (a.C. MaINS POWET POI) . ..uiiuiiiiiiiiiii S P0
Tgble 5 — Disturbance voltage limits for class B group 1 equipment “measured on a test

Siffe (d.C. POWET POIT) et PO
Tdble4 6 — Electromagnetic radiation disturbance limits for.class A group 1 equipment
measured on a test Site... ... P1
Tgble-5 7 — Electromagnetic radiation disturbance limits) for class B group 1 equipment
Mmeasured on a test Site.. ... e p2
Tgble-6 8 —Mains-terminal Disturbance voltage limits for class A group 2 equipment
measured on a test site (a.C. MaiNS POWET PO ... iu i P3
Tgble-7 9 —Mains-terminal-Disturbance voltage limits for class B group 2 equipment
measured on a test site (a.c. MaiNs POWBEPOI) ... P3
T4dble 8 Naine tarminal - disturbancelualtaae limits for induction-cookina-apnnliances

Tgble-8 —Mains-terminal-disturbance-voltage limits for-induction-cooking-appliances |
Tgble-9 10 — Electromagnetic radiation disturbance limits for class A group 2

equipment measured 0N @ teStiSIte ..o P6

Tgble-40 11 — Electromagnetic radiation disturbance limits for class A EDM and arc
welding equipment measured on atest Site.....cooiiiii i R7

Tgble-+4 12 — Electramagnetic radiation disturbance limits for class B group 2
uipment measuredion a test SIte ... R7

Tgble;+4 13 — Electromagnetic radiation disturbance peak limits for group 2 equipment
producing CW-Type disturbances and operating at irequencies above 400 MAZ ... 29

Table-46 14 — Electromagnetic radiation disturbance weighted limits for-classB

group 2 equipment-producing-fluctuating-disturbances-otherthan-C\W and operating at
frequencies above 400 MHzZ. ... e 29

Table 15 — Electromagnetic radiation disturbance APD level corresponding to 10—1
limits for class B group 2 equipment operating at frequencies above 400 MHz...................... 30

Table-4# 16 — Electromagnetic radiation disturbance limits for class A group 1
eqUIPMENt MEASUIEA 1N SIU ...oneeeie e e 31


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

CISPR 11:2015 RLV © IEC 2015 -7-

Table-48 17 — Electromagnetic radiation disturbance limits for class A group 2

eqUIPMENt MEASUIEA 11 SIU ..o et e e e e e es 32
Table 18 — Frequency sub-ranges to be used for weighted measurements............................ 59
Table E.1 — Limits for electromagnetic radiation disturbances for in situ measurements

to protect specific safety-related radio services in particular areas...............c.coociiiiin. 67
Table H.1 — General margin to the limit for statistical evaluation ... 71
Table H.2 — The non-central +-distribution factor & as a function of the sample size n............. 73
Table H.3 — Application of the binomial distribution................cccooiiiii e, 74
Tgble I.1 — Parameters and associated tolerances in the range 150 kHz to 30 MHz..........\. 77

Tgble I.2 — Parameters and associated tolerances in the range 9 kHz to 150 kHz....... Q0. 78



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

N
~

Th

-8 - CISPR 11:2015 RLV © IEC 20

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

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

15

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris
all national electrotechnical committees (IEC National Committees). The object of IEC™is™to prom
international co-operation on all questions concerning standardization in the electrical and eléctronic fields.
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatio
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’\referred to as ‘I
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee interes
in the subject dealt with may participate in this preparatory work. Internationa), \governmental and n
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clos]
with the International Organization for Standardization (ISO) in accordance- Wwith conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as’)nearly as possible, an internatio
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 Natio
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or for 4§
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatid
transparently to the maximum extent possible in their national and regional publications. Any diverger

between any IEC Publication and the corresponding.national or regional publication shall be clearly indicateq i

the latter.

IEC itself does not provide any attestation of“conformity. Independent certification bodies provide conforn
assessment services and, in some areas;” access to IEC marks of conformity. IEC is not responsible for ¢
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_0r-its directors, employees, servants or agents including individual experts 4
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature )whatsoever, whether direct or indirect, or for costs (including legal fees) 4
expenses arising out of“the publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn(teythe Normative references cited in this publication. Use of the referenced publicationg
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{IEC shall not be held responsible for identifying any or all such patent rights.

ng
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is’redline version of the official IEC Standard allows the user to identify the changes
made’ to the previous edition. A vertical bar appears in the margin wherever a change

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard CISPR 11 has been prepared by CISPR Subcommittee B: Interference
relating to industrial, scientific and medical radio-frequency apparatus, to other (heavy)
industrial equipment, to overhead power lines, to high voltage equipment and to electric
traction.

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

It introduces and permits type testing on components of power electronic equipment, systems
an - T T s,
irrespective of the direction of power transmission. Several limits were adapted to-\t
practical test conditions found at test sites. They are also applicable now to power electroni
ISM RF equipment used for wireless power transfer (WPT), for instant power supply anpd
chiarging 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.
Fdr these measurements, two alternative methods of measurement are, -available, the
trgditional log-AV method and the new APD method.

Fgr measurements at LV d.c. power ports of power electronic=equipment, a modgrn
implementation of the 150 Q Delta-network specified in CISPR)16-1-2 has been mafe
avjilable.

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
elgctromagnetic compatibility publications (2014).

THe text of this standard is based on the following.documents:

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

Fdll information on the voting for(the approval of this standard can be found in the report pn
voting indicated in the above table.

THis publication has been‘drafted in accordance with the ISO/IEC Directives, Part 2.

THe committee has.décided that the contents of this publication will remain unchanged until
the stability date'indicated on the IEC website under "http://webstore.iec.ch"” in the dgta
related to the specific publication. At this date, the publication will be

* | reconfirmed,
* | withdrawn,
* | replaced by a revised edition, or

° Aamandad
e+ \=a~as o

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

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

c)| that certain frequencies are designated by the International Telecommunication Unipn
(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.

The i cerned—with 8-GO olof-F disturba i o by
means of an assessment of these disturbances either at

individual ISM RF application which cannot be tested at such a site, at its place of operatign.
Cgnsequently, this CISPR Publication covers requirements for conformity assessment‘of both,
equipment assessed by means of type tests at standardised test sites or of -ihdividyal
eguipment under in situ conditions.

THe ITU is concerned with the control of RF disturbances from ISM RE, applications durihg
ndrmal operation and use of the respective equipment at its plage of operation (sge
Dgfinition 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 |is
restricted to the location of that individual application.

THis CISPR publication contains, in 6.3, the essential )emission requirements for pn
asisessment of RF disturbances from ISM RF application§ at standardised test sites. Thegse
requirements allow for type testing of ISM RF applications operated at frequencies up |to
18 GHz. It further contains, in 6.4, the essential “emission requirements for an in sjtu
asisessment of RF disturbances from individual ISNMNRF applications in the frequency range pp
tot48 1 GHz. All requirements were established\in close collaboration with the ITU and enjpy |
approval of the ITU.

Haowever, for operation and use of several types of ISM RF applications the manufactureér,
ingtaller and/or customer should be aware of additional national provisions regarding possihle
licensing and particular protection-needs of local radio services and applications. Dependipg
on the country concerned, such~additional provisions may apply to individual ISM RF
applications operated at frequencies outsides designated ISM bands (see Table 1). They also
may apply to ISM RF applications operated at frequencies above 18 GHz. For the latter type
of |applications, local protection of radio services and appliances requires an accomplishmgnt
of| the conformity assessment by application of the relevant national provisions in the
frgquency range above 18 GHz in accordance with vested interests of the ITU and national
administrations. - These additional national provisions may apply to spurious emissions,
emissions appearing at harmonics of the operation frequency, and to wanted emissions at the
operation freguency allocated outside a designated ISM band in the frequency range abope
18 GHz.

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

Definition 1.15 of the ITU Radio Regulations reads as follows:

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

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

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

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

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

TE Emission requirements for induction cooking appliances are spegified in CISPR 14-1 [1]1.
quirements for ISM RF lighting—apparatus equipment and UV irradiators operating

ntained in this standard.

cluded from the scope of this standard.

Normative references

e following documents, in whole or in part, are normatively referenced in this document a

dated references, the) latest edition of the referenced document (including a

Cl
ap
Me
Cl

endments) applies.

SPR 16-1-1:2008- 2010, Specification for radio disturbance and immunity measuri

is International Standard applies to industrial, scientific and medical electrical equipment
erating in the frequency range 0 Hz to 400 GHz and to domestic and similar appliances

in
in

r ISM RF applications in the meaning of the definition found in the-{TU Radio Regulations
be Definition 3.13), this standard covers emission requirements‘related to radio-frequency

guencies within the ISM frequency bands defined by the ITU Radio Regulations 4gre

uipment covered by other CISPR product and product family emission standards dre

nd

b indispensable for its application. For dated references, only the edition cited applies. Hor

ny

paratus and_ methods — Part 1-1: Radio disturbance and immunity measuring apparatuy —

asuring apparatus
SPR 16-<1-1:2010/AMD 1:2006 2010

acific a ing
apparatus and methods - Part 1 2: Rad/o d/sturbance and /mmun/ty measur/ng apparatus -

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

measurements

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

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

1

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

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

Amendment 2(2008)

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

CISPR 16-2-3:2006 2010, Specification for radio disturbance and immunity measuring
aplparatus and methods — Part 2-3: Methods of measurement of disturbances and immunity —
Rgdiated disturbance measurements
CISPR 16-2-3:2010/AMD 1:2010
CISPR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2003 2011, Specification for radio disturbance and immunity measuring
aplparatus and methods — Part 4-2: Uncertainties, statistics and limit modelling —Unecertainty
iHEMC -measurements Measuring instrumentation uncertainty
CISPR 16-4-2:2011/AMD 1:2014

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

Amendment1-{(1990)

Amendment 2-(1998)

IEC 60601-1-2:2007 2014, Medical electrical equipment — Part 1-2: General requirements for
bdsic safety and essential performance — Collateral standard: Electromagnetic—cormpatibility
digturbances — Requirements and tests

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

IEC 60974-10:2007 2014, Arc_welding equipment — Part 10: Electromagnetic compatibili
(EMC) requirements

~

y

IEC 61307:2006 2011¢~Industrial microwave heating installations — Test methods for the
ddtermination of poweroutput

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

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

3 Terms and definitions

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

3.1

a.c. mains power port

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

arc welding equipment

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

3.3

artificial mains network
AMN

netwaork that prm/idpc a_defined imlnr-mlnnr‘n to the EUT at radio frpqupnr‘ipa’ r‘nnlnlnq the
disturbance voltage to the measuring receiver and decouples the test circuit from the suppLIy
mains

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

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

3.

bgundary of the equipment under test
imaginary straight line periphery describing a simple geometric gonfiguration encompassipg
the equipment under test

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

3.9
cdmponent
prpduct which serves a specific function or functiops”and which is intended for use in a higher
orfler assembled equipment or system

w
T OF

d.g. artificial network
artificial d.c. network
D¢-AN

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

3.y
d.t. power port
pgrt used to conngtt to a low voltage d.c. power generating system or energy storage, or|to
arfother sourcefjoad

Noke 1 to entry;/) Such a system may be for example a photovoltaic or a fuel cell power generating system, or ajso
a Hattery,

3.
el =dh i i nt

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

3.9

{electromagnetic) radiation

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

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

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

3.10

equipment for resistance welding and allied processes

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

3.11
grid connected power converter

Noke 1 to entry: Examples of such high power electronic equipment are senficonductor power converters [for

oderation of equipment or appliances designed to generate and use locally radio frequenfcy
energy for industrial, scientific, medical, domestic or,similar purposes, excluding applications
in [the field of telecommunications

Nofe 1 to entry: Typical applications are the production of physical, biological, or chemical effects such |as
hegting, ionisation of gases, mechanical vibrations} “hair removal, acceleration of charged particles. A npn-
exhaustive list of examples is given in Annex A.

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

e uipment or appliancesdesigned to generate and/or use locally radio-frequency energy for
ustrial, scientific, medical, domestic or similar purposes, excluding applications in the figld
of[telecommunications;-and information technology and other applications covered by other
CISPR publications

Nofe 1 to entry; “The abbreviation “ISM RF” is used throughout this standard for such equipment or applianges
only.

3.15
Iorv voltage

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

tool electrode and the work piece electrode), and where the energy in the dischargelis
controlled

3.19

type test

tegt of one or more devices made to a certain design to show that the design imeets certgin

splecifications

Nofe 1 to entry: Recognition of a type test as type approval may depend on natiopalor regional regulation, 4ee
H.2 in Annex H.

4 | Frequencies designated for ISM use

Cgrtain frequencies are designated by the International“Telecommunication Union (ITU) for
use as fundamental frequencies for ISM RF applications (see also Definition 3.13). Thepse
frgquencies are listed in Table 1.

NQTE In individual countries different or additional frequencies-may can be designated for use by ISM-equipmpnt
RF| applications.

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

Number of appropriatg
Centre frequency Frequency range Maximum radiation footnote to the table of
limit b frequency allocation off
MHz MHz the ITU Radio
Regulations 2
6,780 6,765 — 6,795 Under consideration 5.138
13,560 13,553 — 13,567 Unrestricted 5.150
27,120 26,957 — 27,283 Unrestricted 5.150
40,680 40,66 — 40,70 Unrestricted 5.150
433,920 433,05 - 434,79 Under consideration 5.138 in Region 1, except
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 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.

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

Classification of 1SM 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.

G:loup 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency engrgy

in
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manufacturer—shall-inform—the—userthat-suech—equipment—is shall be classified as clasg

eq

Cl
re
su

Cl

5.

TH
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atment of material, for inspection/analysis purposes, or for transfer of electtomagne
ergy.

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

D Division into classes

nss A equipment is equipment suitable for use in all<estéblishments locations other th
mestic those allocated in residential environments and those directly connected to a |
Itage power supply network which supplies buildings dsed for domestic purposes.

Bss A equipment shall meet class A limits.

Lthe-case—of Arc welding equipment which“contains arc striking or stabilizing devices-er
the—case—of and stand-alone arc striking or stabilizing devices for arc welding;—i

uipment.

nss B equipment is equipment suitable for use in—demestic—establishments locations
sidential environments apdiin establishments directly connected to a low voltage pow
pply network which supplies buildings used for domestic purposes.

Bss B equipment shall meet class B limits.

B Information Documentation for the user

out theclass and group of the equipment, either by labelling or by the accompanyi

do

clqlss and the group in the documentation accompanying the equipment.

cumentation. In both cases the manufacturer/supplier shall explain the meaning of both t

e manufacturer and/or supplier of-1SM equipment shall ensure that the user is informg

the frequency range 9 kHz to 400 GHz is intentionally generated and used or onlyusgd
tally, in the form of electromagnetic radiation, inductive and/or capacitive coupling,-for the

C

accordance with the intended use of equipment in the electiomagnetic environment, this
stgndard defines two classes of equipment, namely class A and Class B.

pPW

>3 5

in
er

ng
he

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

€q

uipment in the field does not cause harmful radio frequency interference (RFI). In t

framework of this standard, these details concern information about:

he

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

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

Fdr measurements at standardized test sites, the requirements specified hereafter constityte
thé requirements for type tests.

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

NQTE 1 Due to size, complexity or operating conditions some equipment may have to be measured in sity| in

order to show compliance with the radiation disturbance limits specified herein.

Clpss B equipment shall be measured on a test site.

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

THe lower limit shall apply at all transition frequencies.

E

(0]
D
P
D
-
[
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-disturbance-voltage for conducted disturbances
6.2.1.1 General

THe equipment under test.shall meet either:

a)| both the averagetimit 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 averagé/limit when using a quasi-peak detector (see 7.3).

THe limitssfor the LV d.c. power port specified hereafter apply only to grid connected power
converters (GCPCs) intended for assembly into photovoltaic power generating systems.

6.2.1-2  Frequency range 9 kHz to 150 kHz
For-group-1-equipment—no-limits—apply-in-thisfrequency-range- In the frequency range 9 kHz

to 150 kHz limits are not specified.

6.2.1.3 Frequency range 150 kHz to 30 MHz

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

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

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

Frequency range

Rated-input power of
<20 kVA €

Rated-input power of

> 20 kVA and < 75 kVA @ ¢

High power electronic
systems and equipment,
Rated power of

>75kVA b ¢
MHz
Quasi-peak Average Quasi-peak Average Quasi-peak Average
dB(uV) dB(nV) dB(nV) dB(nV) dB(uV) dB{uY)
0,15 -10,50 79 66 100 90 130 120
0,50 -5 73 60 86 76 125 115
90 80
5_30 73 60 decreasing linearly with 115 105
logarithm of frequency to
73 60

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

NDTFE2 For class A equipment intended to be connected solely to isolated neutral or high impedance earthed
(IT) industrial power distribution networks (see IEC 60364-1) the limits“for-group-2 equipment with a rated-input
pqwer > 75 kVA-in-Table-6-can may be applied, regardless of its actbal rated power.

NDTE A rated input or output power—eensumption of 2QkVA corresponds for example to a current [of
agproximately 29 A per phase in case of 400 V three-phase power supply networks, and to a current [of
agproximately 58 A per phase in case of 200 V three phase power supply networks.

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

These limits apply only to hightpower electronic systems and equipment with a rated power greater than
75 kVA when intended to be. istalled as follows:

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

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

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

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

Rated power of Rated power of Rated power of
<20 kVA 2@ > 20 kVA to < 75 KVA @ b >75KVA &b
Frequency
range Voltage limits Voltage limits Current limits Voltage limits Current limits
MHz QP AV QP AV QP AV QP AV QP AV
dB(uV) | dB(nV) | dB(uV) [ dB(uV) [ dB(uA) | dB(pA) | dB(uV) | dB(uV) | dB(nA) | dB(pA)
0,15 97 84 116 106 72 62 132 122 88 78
to to to to to to to to to to {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 to to
30 89 76 45 32 105 92 61 48

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

These limits apply to equipment with a rated power > 20 kVA and intended to be installed in a lar
photovoltaic power generating system by a professional. In the manual*accompanying the product, t

emissions from the installed equipment, with the goal of preventing<harmful interference to radio reception
a distance of 30 m from the installation. In particular it shall be indi¢ated that this equipment can be equipp
with additional filtering and that installation is physically separated*from residential environments by distan
greater than 30 m. The installer is invited to check the ¢mitigated installation against CISPR 11 in-si
measurements as indicated in clause 6.4 of this standard.

manufacturer, and/or supplier shall provide information on mitigation{measures that can be used to redu¢

he

in
bd
e
tu

Table-3 4 —Mains-terminal Disturbance voltage limits for class B group 1 equipment

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

Frequency range Quasi-peak Average

MHz dB(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.

Fgr diaghostic X-ray generators operating in intermittent mode the quasi-peak limits |of
Tgble,2 or Table 4 can be relaxed by 20 dB.

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

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

6.2.2.1 General

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

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

specified.

6.

p.2.3 Frequency range 150 kHz to 1 GHz

Edr-group-t-equipment—no-timits—apply In the frequency range 150 kHz to 30 MHz{limits gre

ndt specified.

In
of

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

THe electromagnetic radiation disturbance limits for the frequency range 30 MHz to 1 GHz for

gr
R4
in

On a test site, class A equipment can be measured at\a nominal distance of 3 m, 10 m

30
10

€q

bup 1, classes A and B equipment are specified in Table/6 and 7, respectively.
commendations for the protection of specific safety-relatéd radio services are given
Annex E and Table E.1.

m (see information in Table 6), and class B equipment at a nominal distance of 3 m, |or
m (see information in Table 7). A measuring digtance less than 10 m is allowed only for
uipment which complies with the definition for Sthall size equipment given in 3.17.

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

or

10 m measuring distance 3 m measuring distance P
rated-input power of rated power of
Arequency range
<20 kVAS >20 kVA & C <20 kVA ¢ > 20 kVA & ¢
MHz
Qudsispeak Quasi-peak Quasi-peak Quasi-peak
dB(puV/m) dB(uV/m) dB(uV/m) dB(uV/m)
30 — 230 40 50 50 60
230 - 1 000 47 50 57 60

Or
md
us

At

a test site,.class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. In case of
asuremedts at a separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall be
bd to nofmalize the measured data to the specified distance for determining compliance.

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

O\ LA A

Th IH H'S l + H + H o . i £ o) + dad t L A | 'H

Frese—tmits—apptyto—eatipment-with—a—rated—mputpowerof 20V A—sand—intended—tobe—used—attoeatidns
where there is a distance greater than 30 m between the equipment and third party sensitive radio
communications. The manufacturer shall indicate in the technical documentation that this equipment is

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

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

10 m measuring distance 3 m measuring distance 2
Frequency range Quasi-peak Quasi-peak
MHz dB(uV/m) dB(uV/m)
30 - 230 30 40
236—+666 3F 47

rl a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m.-An-inverse

ordportionalitvy factor of 20 dB ner decade shall he used to normalize the measured data to the snecified disfane.
prpporHonatyactor ot Lo Gbpefraecate-sSnahroe usSeato-horhat tHe-+eastH to—+th pecHiea-Gistahn
fo
O

S-Gata

ApHah

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

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

Fgr medical electrical equipment intended to be permanently installed“in shielded locations,
fufther provisions with regard to the measurement arrangement and load conditions are founpd
in|IEC 60601-1-2.

6.2.2.4 Frequency range 1 GHz to 18 GHz
Egr-group-t-equipmentno-timitsapply In the frequency:tange 1 GHz to 18 GHz, limits are njot

splecified.

6.2.2.5 Frequency range 18 GHz to 400 GHz
Edr-group—t-equipmentno-timits—apply In the frequency range 18 GHz to 400 GHz, limits gre

ndt specified.

6.3 Group 2 equipment measured on a test site

6.8.1 Limits-ef-terminal-disturbance-voltage for conducted disturbances
6.8.1.1 General

THe equipment under:test shall meet either:

a)| both the average limit specified for measurements with an average detector and the quap
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).

6.8.1,2 Frequency range 9 kHz to 150 kHz

kK H a 50 kH imits—for mains tormingl disturbhaneca valtaoaog ogn 1AV

6.3.1.3 Frequency range 150 kHz to 30 MHz

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

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

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

Rated input power of Rat
Frequency range <75kVAP >75kVA 2P
MHz Quasi-peak Average Quasi-peak Average
dB(nV) dB(uV) dB(nV) dB(jY)
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

Af{ the transition frequency, the more stringent limit shall apply.

NDTFE2 For class A equipment with a rated power < 75 kVA intended* to be connected solely to isolated neutral
ol high impedance earthed (IT) industrial power distribution networks (see IEC 60364-1) the limits defined for

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

o

28| The manufacturer and/or supplier shall provide information on installation measures that can be used [0
reduce emissions from the installed equipment.

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

NQTE A rated

input or output power=&onsumption of 75 kVA corresponds for example to a current

approximately 108 A per phase in case-of 400V three phase power supply networks and to a current|of

approximately 216 A per phase in case of 200 V three phase power supply networks.

group 1 equipment,

a
m

High-frequency (HF) surgical equipment shall meet the limits of Table 2 or 4 specified
in. stand-by mode of operation.

Table-7 9<-Mains-terminal Disturbance voltage limits for class B group 2 equipment
measured on a test site (a.c. mains power port)

or

For high-frequency (HF) surgigal
equipment operatingat-frequencies outside designated ISM bands (see Table 1), these limfts
10 apply at the operdting frequency and inside the designated frequency bands. The related
asurements shal’be performed in a test arrangement in accordance with IEC 60601-2-2.

Frequency range Quasi-peak Average

MHz dB(nV) dB(nV)
66 56

Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
56 46
0,50 -5 56 46
5-30 60 50
At the transition frequency, the more stringent limit shall apply.
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6.3.2 Limits of electromagnetic radiation disturbance

6.8.2.1 General

THe equipment under test shall meet the limits when using a measuring instrument with

pelak, 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 radiati
digturbance. Above 30 MHz the (imits refer to the electric field strength component of t

el¢ctromagnetic radiation disturbance.

6.3.2.2 Frequency range’9 kHz to 150 kHz

Injthe frequency range'\9’kHz to 150 kHz limits-apphr-te-induction-cocking-appliances-onby—s

Tables12-and-43 are-not specified.

6.3.2.3 Frequency range 150 kHz to 1 GHz

EXcept for.the designated frequency range listed in Table 1, the electromagnetic radiati
disturbamnce limits for the frequency range 150 kHz to 1 GHz for group 2 class A equipme

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

bn
he

bn
nt

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.

operation.

Recommendations for the protection of specific safety services are given inAnnex E apd
Tgble E.1.

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

Injthe frequency range 30 MHz to 1 GHz, a measuring distance less“than 10 m is allowed only
for equipment which complies with the definition given in 3.17,
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Table-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(pVv7im) dB{pATM) dB(pVv7im) dB{pATM) aB(pvim) dB{pATm)
0,15 - 0,49 - 33,5 - 57,5 - 82
0,49 - 1,705 - 23,5 - 47,5 - 72
1,705 - 2,194 - 28,5 - 52,5 - 77
2,194 - 3,95 - 23,5 - 43,5 - 68
43,5
decreasing
3,95 — 11 - 8,5 - 18,5 - l?;f!.'%%”’i?
frequency fo
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.=.2380 40 - 50 - 60 -
230=~400 50 - 60 - 70 -
400 — 470 53 - 63 - 73 -
470 - 1 000 50 - 60 - 70 -

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

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

a8 In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.



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

Cl

SPR 11:2015 RLV © IEC 2015 - 27 -

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(uV/m) dB(uV/m)
30 - 230 80 90
Decreasing linearly with logarithm of Decreasing linearly with logarithim of
frequency to frequency to
60 70
230 -1 000 60 70

€30

n a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m 0x30 M. In case of
easurements at a separation distance of 30 m, an inverse proportionality factor of 20-d8 per decade shall be
5ed to normalize the measured data to the specified distance for determining comptiaqce.

()

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

Table-41 12 — Electromagnetic radiation-disturbance limits
for class B group 2 equipment measured on a test site

Limits for a measuring distance D in m
Electric field Magnetic field
Frequency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | 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 -
B0,872 — 81,848 50 45 60 55 -
81,848 — 134,786 30 25 40 35 -
184,786 — 136,414 50 45 60 55 -
136,414 £230 30 25 40 35 -
230 =,15000 37 32 47 42 -
Opha test site, class B equment can be measured ata nomlnal dlstance of 3 m or 10 m. #Fthe#equeﬂewwqg‘—

- In the frequency range 30 MHz to 1 GHz a measuring

distance less than 10 m is allowed only for equipment WhICh complies with the definition given in 3.17.

At

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

a

The average limits apply to magnetron driven equipment and microwave ovens only. If magnetron driven
equipment or microwave ovens exceed the quasi-peak limit at certain frequencies, then the measurement
shall be repeated at these frequencies with the average detector and the average limits specified in this table

apply.

In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.
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6.

T

8.2.4 Frequency range 1 GHz to 18 GHz

e limits in the frnqunnr‘y range 1 GHzto 18 GHz npply nnly to group 2 pqnipmpm‘ nlnnra’ri

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
aB(mv7m)
1-18 Class A Class B
Wlithin harmonic frequency bands 82@ 70
Oltside harmonic frequency 70 70
b3ands
11,7 - 12,7 730 73\

Pe¢ak measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth*(/BW) higher than or
equal to 1 MHz. The recommended VBW is 3 MHz.

Z

DTE In this table, “harmonic frequency bands” means the frequency bands which\are multiples of the ISM
4gnds allocated above 1 GHz.

o

O

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

o

In the satellite radio broadcasting band, the measured disturbancé yalles 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
2,5-5,725 60
5,875 - 18 60
Wleighted measurements shall be performed with a resolution bandwidth of 1 MHz and a video bandwidth of
10 Hz.
bl
A
119
B
T¢ check conformance with the limits of this table, weighted measurements shall be peridtmed in all of the

—
o

[

g

A
SH

=

*

lowing frequency ranges, in which the limit of Table 13 was exceeded during the peak measurement:

an of 10 MHz around the centre frequency adjuéted to the frequency of the highest disturbance level in the
ejspective sub-range.

DTE See annex B for furtherguidance on the use of the spectrum analyser.

1 005 MHz — 2 395 MHz (1 000 MHz — 2 400 MHz)*;

2 505 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
6 125 MHz - 8 575 MHz;

8 575 MHz — 11 025 MHz;

11 025 MHz - 13 475 MHz;

13 475 MHz - 15 925 MHz;

15 925 MHz - 17 995 MHz*.

sub-ranges where the limit of Table 13 was exceeded, a weighted measurement shall be performed with a

In cases where the frequency of highgst\emission during peak measurement is found closer than 5 MHz frgm
the frequency edges 1 GHz, 2,4 GHz) 2,5 GHz, 5,72 GHz, 5,88 GHz or 18 GHz, the span for weight¢d
measurements shall remain 10 MMz but in such case the centre frequency shall be adjusted so that the
frequency edges are not exceededh

Table 15 «Electromagnetic radiation disturbance APD level corresponding to
10-1 limits(or 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)
T—2,%4 70
2,5-5,725 70
5,875 - 18 70

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

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

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 Magnetic 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 -

Af{ the transition frequency, the more stringent limit shall appty.

If flocal conditions do not allow for measurements at 30im, 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
ditance for determining compliance.

a1 These limits apply in addition to the limits\in the frequency range 30 MHz to 1 GHz to radiated disturbancgs
originating from the operation frequency-and its harmonics appearing in the frequency range 150 kHz fo
30 MHz, caused by the installed class A group 1 equipment with a rated-irput power exceeding 20 kVA. In the
event that the ambient noise level exceeds the above limits, the emissions of the EUT shall not increase this
noise floor by more than 3 dB.
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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(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 -
Af{ the transition frequency, the more stringent limit shall apply.
Fgr group 2_equipment measured in situ, the measuring distance D from the exterior wall|of
the building/in which the equipment is situated equals (30 + x/a) m or 100 m whichever|is
smallerssprovided that the measuring distance D is within the boundary of the premises. In the
c;}e where the calculated distance D is beyond the boundary of the premises, the measuripg
distance D equals x or 30 m, whichever is longer.

For the calculation of the above values:

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

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

7.1 General

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

Requirements which relate to measurements at such test sites are type test requirements. A
ty;l;e test may be recognized as type approval if the conditions for the statistical assessment
of/measurement results according to Annex H are observed.

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

Specific requirements for making measurements on a test site are given~in Clauses 8 and|9,
for making measurements in situ in Clause 10.

THe requirements of the present clause are to be met for both, test site and/or in sftu
me¢asurements.

Me¢asurements need only be performed in frequency ranges where limits are specified |in
Clause 6.

Cgmponents or subassemblies for higher etder equipment or systems which are intended|to
bel assembled at their respective place oiDoperation only can also be tested according to the
requirements of this standard. For testing purposes in the framework of this standard, such
components or subassemblies shall\be regarded as stand-alone equipment. Components |or
supassemblies for which compliance with the relevant requirements cannot be shown whgn
measured at a test site can alsg be assessed in situ when being installed into the higher order
syptem, in which case the provisions of 6.4 shall apply.

NQTE 1 The environments” épncompassed in this standard are residential, commercial or industrial environmepts
as|described in IEC 61000-2=5 [11]2. Adherence of equipment to the requirements of this standard will allow for|its
opgration and use in thesé”environments without resulting in an increased risk of RFIl. There may also exist other
IEC product standards,which allow for compliance testing of components or subassemblies of higher order systems
bu{ which encompass.other environments than those specified in IEC 61000-2-5 [11]. Choice of this standard or the
otHer appropriate N\EC product standard for compliance testing of components or subassemblies is up to the
mgnufacturery

NQTE 2 ¢EXamples for such components include, but are not limited to power converters used for distribujed
geperation and supply of electric energy into LV a.c. mains networks or installations or, by means of their own
deglicated transformer, into MV power distribution networks, but also power electric subassemblies intended [for

! £loi oo ol 4 o £ LA/ ; 4 L
suppry o mgmeT oraet SystemsS Wit power oMV _a.C. mMamS etwWorKs:

7.2 Ambient noise

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

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

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

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

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

6 B ambient noise conditions cannot be met, then the antenna may be located at a distange
clgser to the equipment under test than specified in Clause 6 (see 8.3.4).. Further advice pn
measurement conditions in presence of high level ambient noise is foufdd in Annex C.

7.3 Measuring equipment

7.3.1 Measuring instruments

p

Rgceivers with quasi-peak detectors shall be in accordance with CISPR 16-1-1. Receive
with average detectors shall be in accordance with CISPR 16-1-1.

S

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

y

NQTE 2 The average detector in CISPR 16-1-1-~Is* commonly referred to as “CISPR-Average”. This is|to
emphasize that the average detector used in a CISPR receiver obtains a measurement result that is equivalen{ to
thg peak reading of a meter with a time constant as defined in CISPR 16-1-1.

THe measuring receiver used shall-be operated in such a way that a variation in frequency|of
th¢ disturbance being measured.does not affect the results.

NQTE 3 Measuring instruments having other detector characteristics-may can be used provided the measuremgnt
of [the disturbance values can_be proved to be the same. Attention is drawn to the convenience of using a
paporamic receiver or a spectrum analyzer, particularly if the working frequency of the equipment under tpest
changes appreciably during-the work cycle.

Td avoid the possibility of the measuring instrument incorrectly indicating non-compliance wjth
the limits, the<measuring receiver shall not be tuned closer to the edge of one of the bands
designated for-ISM use than the frequency at which its 6 dB bandwidth point aligns with the
edge of the\designated band.

NgTE-3 When making measurements on high power equipment, care should be taken [to

cc of tha man
€

ensdkre that cnraanina Aand +
Sutre—tat—Streemg—ana—

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
7

3.2 Artificial-mains network (AN)

.3.2.1 General

The artificial network (AN) is required to provide a defined termination impedance for the
EUT’s a.c. mains power port or d.c. power port under test at radio frequencies—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

MJaasurement of the-mainsterminal disturbance voltage at low voltage a.c. mains power-pof
shiall be made using an artificial mains network (V-AMN) as specified in CISPR 16-1-2¢

7.

Me¢asurement of the disturbance voltage at low voltage d.c. power ports shalkbe made eith
usling the 150 Q artificial mains Delta-network specified in 4.7 of CISPR 16-122:2014 (see al

CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. network speejfied in Annex | of this

7.

e

Ca

1

e

3.2.2 Artificial mains network (AMN)

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

er
SO

standard. For simplified wording, any of these networks intended forCuse with measuremerjts
at{low voltage d.c. power ports is further on denoted as DC-AN.
8.3 Voltage probe
THe voltage probe shown in Figure 1 shall be used when‘the artificial mains network (V-AMN)
cahnot be used. The probe is connected sequentially-between each line and the reference
%rth chosen (metal plate, metal tube). The probe cornsists mainly of a-blecking decouplipg
pacitor and a resistor such that the total resistafice between the line and earth is at least
b00 Q. The effect on the accuracy of measurement of the capacitor or any other device
which may be used to protect the measuring,receiver against dangerous currents shall pe
ither less than 1 dB or allowed for in-\calibration. The voltage probe shall meet the
requirements specified in CISPR 16-1-2:2014, Clause 5.
Mains supply
C =— X;<<1500Q
(1500 - R) Q
I
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

I th £ ron-a fronma 20 MNMLl—2 o 4 OLlo 1 nitanana o dchall b aa—an fiad i1
nreAe ||\,\.1uu||u_y ATy C—IToTT oUWt (O T Otz o aRtehRa—uSsee—Srar—oe—as SPTTTTCT 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.

Fdr measurements on a test site the centre of the antenna shall be varied between 1 m aphd
4 m height for maximum indication at each test frequency.

Fgr measurements in situ the centre of the antenna shall be fixed at’(2,0 £0,2) m height
above the ground.

NQTE Other antennas-may can be used provided the results can be shown to be*within +2 dB of the results whjch
wopld have been obtained using a balanced dipole antenna.

7.3.4.3 Frequency range above 1 GHz

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

7.3.5 Artificial hand

In|order to simulate the influence of the~user’s hand, application of the artificial hand]|is

required for hand-held equipment during«the mains disturbance voltage measurement.

THe artificial hand consists of metal foil which is connected to one terminal (terminal M) of an
RC element consisting of a_capacitor of 220 pF + 20 % in series with a resistance |of
510 Q + 10 % (see Figure 2)xthe other terminal of the RC element shall be connected to the
reference ground of the_measuring system (see CISPR 16-1-2). The RC element of the
artificial hand may be incorporated in the housing of the artificial mains network.

M

220 pF £ 20 %

@ 510 Q + 10 %
_L_

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.


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

CISPR 11:2015 RLV © IEC 2015 - 37 -

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

ce

NG

ntred to the turntable’s vertical axis.

nd

on
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inferconnecting cables (see 7.5.2) and mains cables (see 7.5.3) which_are within the td
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info the test volume shall be excluded from the measurements or dgcoupled from the tq

en
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T 4
the flexibility inherent in each particular installation. The provisions of this subclause apply to.in 4
asurements in so far as a particular installation allows for the position of cables to be varied and different,un
hin the installation to be operated independently, the extent to which the position of the installation~can
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TE 2 Restriction of radiation assessment to the cable fractions inside the test volume can be achieved
mple by application of CMADs at the cables at the position where the¥, leave the test volume. CISPR 16-
les further guidance on the application of CMADs.
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Cable leaving the test volume run

vertically down towards the floor within

the test volume of (1,2 = 0,1) m diameter

times (1,5 = 0,1) m height. Restriction of

radiation to the cable fractions inside the

test volume is achieved by using e.g. a B: excess cable length bundle
CMAD at the position where they leaves between 30 cm and 40 cm

the volume. \ in length

<

Antenna reference

D: Spacing between point
the enclosures Cable bundles should be arranged \
shotdre>-6;4nr | i-the-midee-of-the

Peripheral I 1 I | | |
Pefipheral only 2 | EUT1 EUT2 T
in fest volume AN D Sections of interconnecting cables | | |
if table Z e hanging over the table are spaced at
ca 1“‘:_} l:iet ’/'\5"// a distance of 0,4 m above the ground
exfended to
lane.
rup out of test ’ P
vojume (e.g.
peripheral 2).
Test volume for
small equipment
B L: (30 £ 0,{) m
(1,2£0,1)m
D - L = measuring distance
IgC
Figure 3a — Top view
L (1,2£0,1) ' L L:(30x01)m Antenna
< »e p) reference
| point
Aa— [ ——————————= _;_____________: L =measuring distance
| B: excess cable length : D: Spacing between !
| bundle between 30.cm i the enclosures :
| and40cm : should be 20,1 m |
Cable bundles are | inlength. i |
arranged in the middle | N i . D |
of the cable. : ’ ,Y,/'\\\ i « 4 I
| S 4 EUTH !
D : EUT2 | A positioning table in
£ Ppfipheral ; C : accordance CISPR 16-1-41.
; Y :
+ ! |
0 I ! |
S : : | L cables leaving the test volume
Pdripheral only in test c 1 4——/ (
viume if cable = | i |
cannot be extended to S : ; |
ruh out of test volume 3 | i Mai L |
(efg. periphéral2). @ | | ioheral 1 : alns |
SAN| EAPIEE] i cable ) : CMAD: common-mode
1 ! absorption device
| i CMAD |

Groundplane
IEC

Figure 3b — Side view

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

An example of a typical unified test set up for floor standing equipment suitable for
measurement of conducted as well as radiated disturbances is shown in Figure 4. Further
examples of typical arrangements of the EUT and associated peripherals are given in
CISPR 16-2-3 and CISPR 16-2-1.
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TH
re

7.

THis subclause applies to equipment in which there are interconnecting cables betwe
vatlrious parts of the equipment, or systems where a number of-equipments components 3

in

NQTE 1 The observation ¢f all provisions in this subclause permits the application of the results of an evaluat

to

sygtem configuration being’in effect a subsystem of the one evaluated.

Inferconnecting’cables shall be of the type and length specified in the individual equipmg

re

enpission_when performing field strength measurements.

If

To power
supply /
AE

AMN

CMAD Special earthing
termimai

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

e configuration of the equipment under test>shall be precisely-neted documented in the te
bort.

.2 Interconnecting cables

erconnected.

B number of system cdnfigurations using the same types of equipment and cables as tested, but no other, e{

quirements\’If the length can be varied, the length shall be selected to produce maximy

= interconnecting cablg:

[

st

on
ch

nt
m

shielded or
e-H-th

cifia
A\"ALEAAC n L n )

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

matriuctinmy maan Al
ot oaCtoTrTTarraar:

S

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

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

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

If a given type of equipment can perform separately any one of a number of functions then the
equipment shall be tested while performing each of these functions. For systems which may
inglude a number of different—equipments components, one of each type of-—equipmgnt
component which is included in the system configuration shall be included in the evaluation.

A |system which contains a number of identical-egquipments components, but\ has begen
evialuated using only one of those—egquipments components, does not require further
evluation if the initial evaluation was satisfactory.

NQTE 2 This is-permissible possible because it has been found that in practice emissiofs from identical modujes
arg not additive.

When equipment is being evaluated which interacts with other equipment to form a system
the¢n the evaluation may be carried out using either additional equipment to represent the tofal
sygtem or with the use of simulators. In either method care-shall be taken to ensure that the
equipment under test is evaluated with the effects of the\rest of the system or simulatqgrs
satisfying the ambient noise conditions specified in 7.2. Any simulator used in lieu of actyal
equipment shall properly represent the electricalesand in some cases the mechanigal
chiaracteristics of the interface, especially with @wespect to radio-frequency signals apd
impedances, as well as cable configuration and types.

NQTE 3 This procedure is required to—permit facilitaié/the evaluation of equipment which will be combined with
otHer equipment from different manufacturers to forma system.

7.9.3 Connection to the electricity-supply network on a test site
7.5.3.1 Connection to the labaratory a.c. mains network
7.$.3.1.1 General

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

Fgr connection_to the AMN or to the test site's electricity supply network, appropriate lengths
of[ mains cabl€s shall be used. If the manufacturer's installation instructions specify| a
particular typg of mains cable for use with the EUT, connection to the AMN or to the test sit¢'s
el¢ctricity-stpply network shall be made with that cable type.

Mepins 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.

Oiher earth connections (e.g. for EMC purposes) either specified or supplied bylthe
manufacturer for connection to the same terminal as the safety earth connection shall-also pe
connected to the reference earth of the-\/-network AMN.

Arncillary low voltage a.c. mains ports shall be connected to the laboratory a.c.mains netwqrk
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 oné/unit, each unit havipg
its| own power cord, the point of connection for the-\/-retwork AMNTSs determined from the
following rules:

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

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

c)| mains cables or terminals which are specified by the manufacturer to be connected |to
another unit in the system for the purposgs*of supplying mains power shall be connectged
to that unit, and the mains cables or terminals of that unit are connected to the-\/-netwgrk
AMN;

d)| where a special connection is specified, the necessary hardware to effect the connectipn
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

Cdnnection to the labgratory's electricity supply network may be provided with or without the
use of an AMN alléeated inside the test environment, see Figure 4. For measuremgnt
arfangements notdna¢luding an AMN, grounding and earthing of the EUT shall be guarantepd
byl adherence toithe principles set outin 7.5.3.1.2 as far as possible.

If the meaSurement arrangement does not include an AMN, then excessive lengths of mains
caples d6"not need to be bundled and allocated inside the test volume. They may pe
accommiodated someplace outside the test volume or test environment. For decoupling |of
ragiation from these excessive cable lengths it is however recommended to carefully
termmatie these mains cables al the location where ihey leave ihe test volume. For this
decoupling use of CMADs is recommended. For measurements with a separation distance of
3 m this decoupling is mandatory, see 7.5.1.

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

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

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

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

NQTE 1 For supply of the EUT's d.c. power port under test, a dedicated laboratory d.c. power source, apprgﬁi hte
(sdts of) batteries or also other d.c. energy sources such as e. g. fuel cell modules can be used, provided thatihey
allpw for continuous and stable voltage, current, etc. necessary for power converters under rated outqu}eﬁat ng
conpditions, throughout the measurement. @

C4qre should be taken when selecting the laboratory d.c. power source and in@k@)ing it in the
measurement arrangement. It is recommended to select and install only suchva d.c. power
source which provides for a good galvanic insulation and also sufficient RF decoupling of bath
d.¢. power terminals from the laboratory reference ground plane ternal decouplihg
capacitors at the d.c. power source's terminals used for internal sup sion of asymmetrigal
digturbances may provide an unwanted bypass for the commog.s)e de 150 Q terminatipn
impedance of the DC-AN used for the measurements. This may saturation effects in the
mitigation filter of the power converter under test, in particular e operation frequency (ile.
th¢ switching frequency) of the power converter and‘?iénarmonics, which are usua|ly

allocated in the range from 2 kHz to some 20 kHz. Sa d mitigation filters do howeyer
leqd to incorrect and invalid measurement results, sin g the power converter is not operatpd
as| intended, during the measurements. For guidangé on prevention of saturation effegts
calused by the configuration of the test site, see in\f&@w tion in Annex K.

h\
Where a particular type of d.c. power cabl&@ specified in the manufacturer's installatipn

.

ingtructions, this shall be used during testin%\

Fdr testing, a cable length as short &g\p'ossible shall be connected between the equipmeént
under test and the DC-AN respectiév)qghe proximity of the boundary conditions defined abovg.

Where the equipment under_test" has more than one d.c. power port of the same type, the
number of d.c. power por@ eeded to operate the equipment at its rated power shall pe
connected to the DC-AN @ he measurements. All other d.c. power ports shall be terminatgd
with a suitable 150 ommon mode termination impedance. Multiple ports galvanicdlly
connected in paral&bsuch as bus bars or strips for connection to multiple cables) gre
considered to re@nt one single port only.

nejworks ac'ng to CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q couplipg/

@,
NQTE 2 Fother terminations, any suitable device can be used. This includes e.g. use of further 154 Q
de ‘oupling% ces (CDN) as defined in IEC 61000-4-6.

Ar c‘gs d.c. power ports shall be connected to an appropriate separate laboratory d.c. power
soluree or hattery via a suitable 150 O 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.


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

CISPR 11:2015 RLV © IEC 2015 - 43 -

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
andcapabte of absorbingthe ratedmmaximumroutput power of theequipment:

THe two terminals of the dummy load shall be at opposite ends of the load and each<terminal
shiall be joined directly to a circular flat metal plate having a diameter of 170 mm’ 10 mm.
Me¢asurements shall be made with each of the output cables and capacitive, electrodes
supplied with the equipment. The capacitive electrodes are to be disposed. parallel to the
ciffcular metal plates at the ends of the dummy load, the spacing between them being adjusted
to|produce the appropriate power dissipation in the dummy load.

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

IEC

E |= electrode arms and cables

= dummy load

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

Me¢asurements shall be made with the dummy load both horizontal and vertical (see Figure p).
In| each case, the equipment, together with the output cables, capacitive electrodes apd
dummytlead, shall be rotated around its vertical axis during measurements of electromagnetic
ragiation disturbance in order that the maximum value can be measured.

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

a) nominal output power 100 W to 300 W:

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

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

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

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

the-apparatus equipment.

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

7.6.2.2 UHF and microwave therapeutic equipment using frequencies
above-300 400 MHz

Me¢asurements shall be made-initiatly with the output circuit of the equipment connected tq a
ngn-radiating resistive load-resister having the same value as the characteristieyimpedance|of
the cable used to supply the equipment load.

arv—the maximum—power output of th
aFy—th axHngm—powet +—ot+—th

Hpd

J
determine-the - matching of the terminati
geteriheteMateHRgortRe—teHiihath

7.6.2.3 Ultrasonic therapy equipment

Megasurements shall be made with_the’transducer connected to the generator. The transdudger
shiall be dipped in a non-metallic\container having a diameter of about 10 cm and filled wjth
distilled water.

Megasurement shall be made at both maximum and half-maximum power and, where the
output circuit can be ‘tuned, it shall be tuned to resonance and then detuned. The
splecifications in the eperating manual of the equipment are to be considered.

NgTEThe—megsirement—of It is recommended to measure the maximum output of the
equipment-shpuld-be-made in accordance with the method published in IEC 61689 or usind a
derived artangement, if necessary.

7.6.3 Industrial equipment

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

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

Industrial induction heating and dielectric heating equipment should be tested in a
configuration and with a load that is equivalent to actual or intended use. Where the
equipment may be configured for a variety of loads or the load is not available, the load as
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specified in IEC 61922 for induction heating and IEC 61308 for dielectric heating equipment
may be used. Industrial resistance heating equipment shall be tested with or without the

charge, as specified by the manufacturer.

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

Industrial microwave heating equipment shall conform to the limits of radiation in Clause 6
when loaded according to IEC 61307 or with a load used in practice. The load shall be varied
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

Sdientific equipment shall be tested under normal operating conditions. Labofaiory

measuring equipment shall be operated as intended. Any RF output ports shall be“erminat

in[a matching non-radiating load.

7.6.5 Microwave cooking appliances

Microwave cooking appliances shall-conform-to-the-limits-of radiationt;Clause-6,-when-test|
bel operated with all normal components such as shelves in place, @nd with a load of 1 | of t

a

nd
cd

et
Ap

water initially at 20 °C + 5 °C placed at the centre of the load-cartying 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 +%.mm, see also IEC 60705.

B ro—tho oo romnntsrnlininap e sonmntion e ade e cn s nelos tonl ol o
I i e T e L

Edr neak measurements above 1\GHz (Tabhle 14 or Table 15) measurements shall he maHe
—gpeacmeastremetS avovVe oz a6 14— o abe1o MeasStremetS—Sia—oe-Mape
Wi ha azimu of tha ElJ varvinag evaervy 30° (startina nosition-—nernendicular to the frant
wi—heaZiuthn—or— e e=o i YahiRgeveryoso—SartiiigpostHohperpencicudiartotheHaht
ddor)l At each of thase 12 mesitions 3 maximum - -hold - shall ha made for 3 neriod of 20ls
Qo )—At—eaCcH—or eSS« poSHOoRAS A HM-ROGSahr—PeRaGe o a3 PeHOG OIS
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7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz

<
(0]

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

radiation depending on the characteristics under examination.
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7.6.7

F

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

welding equipment are specified in IEC 60974-10.

For resistance welding equipment, the welding operation during the test is simulated by short-

circuiting the welding circuit. The load conditions and the test configuration for resistance

-2.

welding equipment are specified in IEC 62135

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

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

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

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

For equipment used in medium or high voltage switchgear, the start of any measurements

ad Ululillg iU “Iib bi.dlluldluI bild“ IUC u'l:iayt:u' uniii bWiibilillg dbiiUllb |ciaicu‘ iU “IL‘, narcuumels
primary circuit are finished (e.g. switching actions of breakers or disconnectors). \/A

7.6.10 Grid connected power converters ,\@

7.6.10.1  Connection to the laboratory a.c. mains or similar load '\(],Q
THe power converter under test shall be connected to the laboratory a. 'R?ains network Yia
th¢ artificial mains network (V-AMN) specified in 7.3.2.2, when possible. If sugh
connection is not possible or not intended, then the power conyv r under test can pe
connected to an appropriate resistive load and the laboratory a.ccﬁreins network in parallgl,

iq the artificial mains network (V-AMN) specified in 7.3.2.2. C‘)\

Cqgnnection to an appropriate resistive load is also recom <%ed for power converters solgly
infended for use in island low voltage a.c. mains installations which are not connected to pn
other public low voltage a.c. mains power distriby\' network. For advice, consult the
ingtallation instructions of the manufacturer. 1
&

Alternatively the a.c. supply power for the labaratory d.c. power source can be taken from the
a.¢. output lines of the GCPC via the V-AMN\@ithout connecting the resistive load. The outgut
a.¢. power of the GCPC will be used to tribute to the required d.c. input power for that
GCPC, thus the resistive load is not nec‘égiary in this case, see Figure J.1 in Annex J.

<

Q)
Fdr suitable test site configuratior@}?ee Annex J.

7.6.10.2 Connection to @%er appropriate load

Fdr power converters tg-?ded to be supplied from a.c. power sources, the d.c. power port
unlder test shall be ¢ cted to a suitable resistive load or other adequate energy storage Yia
an 150 Q artificial ork (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to pn
appropriate Ioad@' in the rated operational range for the respective type of EUT.

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

7.7 ‘Rzz:ording of test-site measurement results

o)

7.7.1 General

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

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

7.7.2 Conducted emissions

Of those conducted emissions above (L —20 dB), where L is the limit level in logarithmic
units, the record shall include at least the disturbance levels and the frequencies of the six
highest disturbances in each observed frequency range from each mains port belonging to the
EUT: € recor inclu n_indication upon whi uctor ins port
calrried 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,
th¢ record shall include at least the disturbance levels and the frequencies.of the six highgst
digsturbances in each observed frequency range. The record shall jnclude the antenpa
polarization, antenna height and turntable rotation position if applicable for each reported
disturbance. In case of test site measurements, the measurement distance actually selected
anld used (see 6.2.2-er and 6.3.2;+respectively) shall also be recorded’in the test report.

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

8. Ground planes

A ground plane shall be used when making measurements on a test site. The relationship of
th¢ equipment under test to the ground plane shaII be equivalent to that occurring in use—-f-
fl r -standing-eguipment resting-on-the—oround-plane or-isolated-from-it bv-a-thin-insulatiha
flgor -standing-equipment-resting-on-the-ground-plane-or-isolated-from-it-by-a-thin-insulating
cojvering, portable and other non-floor-standing equipment placed on-a non-metallic taljle
O Except af.the manufacturer’s intended grounding locations| a
flogor standing EUT shall be insulated-from the ground plane by a dielectric material wjth

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

a)| either according to the manufacturer's instructions,

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

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

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—plrane termlnals of the art|f|C|aI networks (V-AMNs and DC- ANs) used

g
grpund plane with a conductor as short as p033|ble

THe power and signal cables shall be oriented in relation to the ground plane inva manrjer
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 tetminal, this shall pe
connected to earth with a lead as short as possible. \When-no—earthingterminalisfitted,—the
uipment without earthing terminal shall be tested as normally cennéected, i.e. any earthipg
ing obtained through the mains supply.

8.2.2 Measurements on grid connected power convecters
8.2.2.1 Measurement of the disturbance voltage at\a.c. power ports

THe disturbance voltage at the low voltage a.c. pawer port of the power converter shall pe
measured using the usual method of measuremgnt for disturbance voltages at a.c. maips
pdrts, 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 alc.
mdins ports, see also CISPR 16-2-1:

Fdr power converters which cannot be measured with the V-network (V-AMN), the disturbance
voltage at the low voltage @¢."mains power port can be measured with the high-impedane
voltage probe according (fg~CISPR 16-1-2:2014, Clause 5. In this case, the laboratory ajc.
pawer source shall becconnected directly to the a.c. power port under test. For conditions|of
use of the high-impedajice voltage probe, see 7.3.3.

Likewise, for mmeasurements on power converters with a rated throughput power > 20 kVA] a
V-petwork (MZAMN) can be used as a voltage probe as specified in 7.4.4.3 of CISPR 1642-
1:2014. The Jaboratory a.c. power source shall be connected to the a.c. power port under tg¢st
via an inductance of 30 uH to 50 uH. The inductance may be realized by a choke, a power
caplelength of 50 m, or an isolation transformer. A suitable measurement arrangement|is
shiown 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

dl ————— —— o-o—p-e ——— —Se-aHeHce— —————— He-56—6 — ————— & C.
pawer ports not used during the respective measurement shall with a sui)‘ét le
190 Q common mode termination impedance, see 7.5.3.2. Multiple ports gal icallly

connected in parallel (such as bus bars or strips for connection to multiple ceg s) gre
considered to represent one single port only. Q\

THe disturbance voltage at the d.c. power port of the power converter 5?\:31I’ be measur
usling the usual method of measurement for disturbance voltages at a.cqmains power porfs,
sele also CISPR 16-2-1. This implies the following: Q

e [ Where unsymmetrical mode (UM) disturbance voltages are me ed, compliance with the
limits shall be verified for both measured unsymmetrical distu%p nce voltage levels, i.e. {or
the voltage levels measured from the plus terminal (pol reference ground and frgm
the minus terminal (pole) to reference ground.

1%
o

e [ Where common mode (CM) and differential m dg (DM) disturbance voltages 4gre
measured, compliance with the limits shall be vq@d for measured disturbance voltape
levels of both modes, i.e. for the level of the ¢ on mode (CM) disturbance voltage jgs
well as for the level of the differential mode (IW‘) disturbance voltage.

If the DC-AN according to Annex | allows fo ﬁasurement of UM, DM and CM disturbancgs,
then it is sufficient to verify compliance withﬁhe limits either for UM disturbances (Method ),
or| for CM and DM disturbances (Met\@d B). The choice of the method used for the
measurement is left to the discretion e user of this standard.

N\
If the installation instructions accoqr{panying the power converter contains information that the
d.¢. power port is solely inter@d for connection to

e | a battery or other kim{o}?ocal d.c. power source and/or;
o | if the power cony, and a battery or other kind of local d.c. power source is intended for
incorporation i%\ igher order final equipment (comprising of one or more enclosures);

then this port?s?&e exempted from the measurement.

8.‘2.2.2.2§Measurement procedure 1
8.&%»??1 General

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

p.2.2.2.2 Compliance criterion

mpliance with the requirements of CISPR 11 can be shewn in verifying that the limits
b disturbance voltage specified in Table 3 or in Table 5aré/met.

p.2.2.3 Measurement procedure 2
p.2.2.3.1 General

r measurements on power converters with~a rated throughput power > 20 kVA, a DC-/
n be used as voltage probe. For an adequate decoupling of the EUT from the d.c. pow
urce, the laboratory d.c. power sourge“shall be connected to the d.c. power port under tq

a common mode inductance of QO uH to 150 uH. The common mode inductance may
blized by ferrite tubes, common(mode absorbing devices, or a CDN as specified in 6.2.4
C 61000-4-6:2013. Since a CDN according to IEC 61000-4-6 is used only as a decoupli

jure 7.

TE It is up to the qferator of the laboratory to ensure that the measurement results obtained with s
asurement arrangements are not obstructed or invalidated by dominating disturbances from the laborat
. power source. Apprapriate EMI filters can be used to decouple the EUT from the d.c. power source. But
Are not to apply<060’heavy additional common mode capacitive loading to the EUT. Further guidance on suita
Coupling of the 1@boratory d.c. power source from the measuring arrangement can be found in Annex K.
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Figure 7 — Typical arrangement for measurement of conducted disturbances at
LV d.c. power ports with the DC-AN used as termination and voltage probe
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8.2.2.2.3.2 Measurement of the common mode (CM) disturbance voltage

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

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

8.2.2.2.3.3 Measurement of the common mode (CM) disturbance current

Th

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

C4
pe

maximum of 30 cm away from the DC-AN. The current probe shall also be' jW place wh

peg
ar

NG
tu]

e common mode disturbance current at the d.c. power cable leading to the laboratd

re shall be taken in order not to alter the termination conditions of the \EUT wh
rforming measurements with the current probe. The current probe shall he located

rforming measurements of the CM disturbance voltage. A suitable’ measuremsgd
angement is shown in Figure 8 and 9.

Ferrites/
AC mains Isolation L,

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

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

_@ ' DC power
source -
77Jm Current flow
IEC

TE ‘x’ and ‘Y’ denote/tiie”spacing between the current probe and the DC-AN, and the DC-AN and the fer
e(s) / CMAD / CDN réspectively. Spacing x is < 0,3 m and y is 0,1 m.

Figure 8 — Typical arrangement for measurement of conducted
disturbances at LV d.c. power ports with the DC-AN used as voltage
probe and with a current probe — 2D diagram
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p.2.2.3.4 Compliance criteria

r measurements according to Figure 8~ compliance with the limits shall be verified for t
pbasured common mode disturbance voltage and the measured common mode disturban
rrent. The EUT meets the requirements of CISPR 11 if it can be shown that it meets bd
b limits of the disturbance voltageé,and the disturbance current specified in Table 3.

r this equipment additional measurements shall be made using the artificial hand describ
7.3.5.

e artificial hand)shall be applied only on handles and grips and those parts of the applian
ecified as such by the manufacturer. Failing the manufacturer's specification the artific

hand shall befapplied in the following way.

TH
ar

e general principle in applying the artificial hand is that the metal foil shall be wrapp

igure 9 — Typical arrangement for measurementcwficonducted disturbances at LV d.g¢.
power ports with a DC-AN used as voltage proberand with a current probe — 3D diagram

.3 Handheld equipmentwhich are normally operated without an earth connection

he
ce
th

[
o

al

[4%
o

band all handles (one artificial hand per handle), both fixed and detachable, supplied w

th

equipment.

Metalwork which is covered with paint or lacquer is considered as exposed metalwork and

sh

all 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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Radiation test site for 9 kHz to 1 GHz
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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

‘ Nd
Clg

Fd

Major diameter = 2F

placed at each of the foci respectively. The path length of any ray reflected from an objgct
the perimeter of this radiation test site will be twice the length of the direct path.length
tween the foci. This radiation test site is depicted in Figure 10.

Minor diameter = V3F

N

TE The characteristics—of -thetest-site—aredeseribed-in—8-3- For the values of F (measuring distance)

use 6.

r the 10 m test site,-the natural ground plane shall be augmented with a ground plane

Antenna

Boundary of area defined by
an ellipse. Volume above earth
\\to be free of reflecting objects;

Figure-1 10 — Test site

Test unit

IEC

nt

qgee

of

metal which shall extend at least 1 m beyond the boundary of the equipment under test at ohe
d and at leasf 1™m beyond the measurement antenna and its supporting structure at the
ner end (se®Figure 11). The ground plane shall have no voids or gaps other than any
rforations~which do not exceed 0,1 A at 1 GHz (about 30 mm).

en
ot

pe

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

IEC
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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 lit 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
hdrizontal distance between the reference point of the measuring antenna and thel{neargst
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 ps
splecified in Clause 6. If the field strength measurement at a certain/frequency cannot pe
made at the specified distances because of high ambient \noise levels (see 7.R2),
me¢asurements 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 t

he
ge
to
re

Fgr equipment under test located on a turntable, the turntable shall be rotated fully with| a
measurement antenna oriented for both” horizontal and vertical polarization. The highest
recorded level of the electromagnetic radiation disturbance at each frequency shall pe
recorded.

Fdr equipment under test ot located on a turntable the measurement antenna shall pe
pdsitioned at various points.in azimuth for both horizontal and vertical polarization. Care shpll
be taken that measurements be taken in the directions of maximum radiation and the highest
leyel at each frequency-be recorded.

NQTE At each azitmuthal position of the measurement antenna the radiation test site requirements specified
8.3.1-should-be afe’met.

n

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

Me¢astrements may be-conducted performed on radiation test sites which do not have the
phlysical characteristics described in 8.3. Evidence shall be obtained to show that such
alternative sites will yield valid results. An alternative radiation fest site in the frequency range
30 MHz to 1 GHz is acceptable if the horizontal and vertical site attenuation measurements
made as per 5.2.6 of CISPR 16-1-4:2010/AMD 1:2012 are within =4 dB of the theoretical site
attenuation as given in Tables 1 or 2 of CISPR 16-1-4:2010/AMD 1:2012.

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

9.1 Test arrangement
The equipment under test shall be placed on a turntable at a suitable height. Power at t

nominral normal voltage shall be supplied. For the EUT's earthing and grounding conditions
well as connection to the laboratory's electricity supply network see 7.5.3.

9.2 Receiving antenna

15

he
as

THe measurements shall be made with a directive antenna of small aperture capable
making separate measurements of the vertical and horizontal components of the radiat
field. The height above the ground of the centre line of the antenna shall be the sane™as t
helight of the approximate radiation centre of the equipment under test. The distancé)betwe
thé receiving antenna and the EUT shall be 3 m.

9.3 Validation and calibration of test site

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

of
ed
he
BN

9.4 Measuring procedure
9.4.1 General

THe measurements shall take place in free-spage conditions, i.e. the reflections on the grou
shiall not influence the measurements, see CISPR 16-1-4.

THe general measuring procedure sabove 1 GHz specified in CISPR 16-2-3 should
cojnsulted for guidance. Measurements shall be made with the antenna in both horizontal a

3

be
nd

supsequently vertical polarizationi_In both cases, the turntable with the-appliance equipmgnt

under test shall be rotated. It shall be ascertained that, when the-apparatus equipment und
test is switched off, the level of background noise is at least 10 dB below the reference lin
since otherwise the reading'may be significantly affected.

er
it,

Whiahted mdéacurements abhove 1 GHz (cea Tabhle 168) shall he the result of 3 Mmaximum hald
velightecMeagstirementSanove SHZ (S 1abe1o)-SanPetheFfesthit oraMmMaxXih A PC
anld shall.helnarformed with tha snectrum-analvser in loaarithmic mode (values disnlavaedlin
HAC—SHaAHOe/Pe o ec—wWHR—e-SpectHum aRatySe ogaritii R oGe VeSS GisSprayeath

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

i

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

Peak < Table 13
limits?

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 frequencies,f,
and f; = 5 MHz
l where Peak > Table 13 limits

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

Yes

40:' 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

1.2 Operating conditions of thenEUT

pasurement.

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

wer setting.

lo

g time-at“their highest microwave power setting. In such cases the measurement shall

stopped/for a while to allow cooling down until the microwave oven is able to operate at
max power setting without intermittence.

r microwave ovens, a warm-up/period of at least 5 min shall be performed before the

ring the measurements, the microwave oven under test is operated at maximum microwape

me micgowave ovens automatically turn to an intermittent operation mode if operated for a

be
ts

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

bo

il. 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

an

tenna 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

Pgak measurements shall be performed over the whole frequency range 1 GHz to 2 4\&42
and 2,5 GHz to 18 GHz with the EUT positioned as identified during the pr@«nery
lea

measurement. At this azimuth position, a maximum hold measurement for a period t legst
2 min shall be made for both polarizations, i.e. with the antenna oriented s te sively |in
hdrizontal and in vertical polarization. (1/

N~

THe obtained measurement result(s) shall be compared to the peak Iimit{zge Table 13).
If the EUT passes the peak measurement, then the final test result'@%&SS, see Figure 12.

If the EUT does not pass the peak measurement in the satel ite(Padio broadcasting frequency
rapge 11,7 GHz to 12,7 GHz, then the final test result is FA@ ee Figure 12.

N

9.4.4.2.1 General <
N\

9.4.4.2 Weighted measurement

11,7 GHz and 12,7 GHz to 18 GHz exceed thé’limits specified in Table 13 an additional series

In| cases where readings obtained during@peak measurement in the ranges 1 GHz|to
of[measurements with a weighting functi{os all be performed.

Fdr demonstration of the fluctua '@nature of a disturbance, two alternative methods for
wgighted measurements are available, see also decision tree in Figure 12.

In] any situation where it@gnecessary to re-test the equipment, the measuring methpd
or{ginally chosen shall be(fysed in order to ensure consistency of the results.

O

9.4.4.2.2 Log- eighting according to Table 14

azimuth position of the EUT where the maximum peak emission occurred during the
preliminar. easurement. A minimum of 5 consecutive sweeps in max-hold mode shall pe

pefrfor .
s
eighted me

display mde (using he Iogarithicaplifier, nt a matheaticl uni conversioof the
displayed values).

Weighted m;iﬁments with the Log-AV method (see Table 14) shall be performed at the

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

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

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

Harmonics of 2,45 GHz, Frequency sub-ranges

Order no. GHz

Not defined 1,005 to 2,395
2 2,505 to 6,125 2
3 6,125 to 8,575
4 8,575 to 11,025
9] 1T1,02510 13,475
6 13,475 to 15,925 Q§
7 15,925 to 17,995 @

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

Y

Me¢asurements with the Log-AV weighting function shall be perfor gjn the sub-rang

where the EUT did not meet the limits of Table 13 around the centre\q:bequencies identified|in
th¢ previous step, within a frequency span of 10 MHz. ‘\
O
Campare the measurement results to the limits of Table 14Q<<
If the EUT passes the measurement with the Log-AVS\\&ighting function (Table 14), then the
finjal test result is PASS, see Figure 12. Q
7

9.4.4.2.3 APD weighting according to Ta%e 5
Aq an alternative t0 9.4.4.2.2, an APD measi}gément for a period of 30 s shall be performed|at
th¢ azimuth of the EUT and the polarization of the antenna where the maximum emission wgs
folind during the preliminary peak me surements. Measurements shall be made at the
following 6 frequencies (see Figure@;

fs1a ‘e fSZ’

Jfs1 MHz, fso + 5 MHz,

184 55 MHz, feo— 5 MHz,
where fq is the f ou"ency with the highest peak emission in the 1005 MHz to 2 395 MHz
rapge and fg, As-the frequency with the highest peak emission in the 2505 MHz |to
171995 MHz ra@ﬁ(but outside the band 5720 MHz to 5 880 MHz).
Cq mpare%h@ measurement results to the limits of Table 15.
If T passes the measurement with the APD weighting function (Table 15), then the final
tes ' ; fgure 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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there shall be at least four measurements in orthogonal directions, and measurements in the

The number of measurements made in azimuth shall be as great as reasonably practical, but
direction of any existing radio systems which may be adversely affected.

performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further advice for

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

is necessary to ensure that the

it

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

for guidance.

larger commercial microwave ovens
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Measurement uncertainty

ingtrumentation uncertainty.

W
splecified in 4-2 this
asurement
termine

5t labor
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NOT Eor

m
d
te

be in the test report.

maacuramantc
Saoute Tt

tha contribiition
HHBUHO

R
o
Q\

termining compliance with the Iimitss'\@this standard shall be based on the results of t
compliance measurements, taking “into account the considerations on measureme

o

here guidance for%@éalculation of the instrumentation uncertainty of a measurement
6-

shall be followed, and for these measurements t

rumentation uncertainty in accordance with CISPR 16-4-2. Calculations
easurement result and any adjustment of the test result required when t
y uncertainty is larger than the value for Ug gpr given in CISPR 16-4-2 shall al

CISPR;
d}ermination o(%npliance with the limits in this standard shall take into consideration t

he
nt

=T Ot 117 ot o e tos

excluded from the uncertainty calculation.

tTHHe—ooT o LR o Ty o

NOTE When performing measurements at distances less than 10 m, higher measurement uncertainties may have

to be taken into account.
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Annex A
(informative)

Examples of equipment classification

Many—tSM types of equipment in the scope of this standard contain two or more types of
interference sources, for example an induction heater might incorporate semiconductor
rectifiers in addition to 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

in
dig
be

TH
pu

th¢se definitions. It will, however, be helpful to users of the standard to have acomprehensi

orporating_semconductor Tectiffers s to be tested—as amnm_mauctiom heater (with—gll

turbances meeting the prescribed limits whatever the source of disturbance) and is net
tested as if it were a semiconductor power supply.

e standard gives general definitions of group 1 and group 2-1SM equipment _and for offic
rposes the group to which a particular piece of apparatus belongs shall be identified frg

to

jal
m
ve

list of types of apparatus which have been identified as belonging to a particular group. This

Wi
by

Th

G

| also help in developing the specification where variations in test pro¢edures may be fou
experience to be necessary in dealing with specific types of apparatus.

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

oup 1

nd

Group 1 equipment: group 1 contains all equipment in\the scope of this standard which is not

classified as group 2 equipment.

General: Laboratory equipment
Medical electrical equipment
Scientific equipment
Semiconductor converters
Industrial electroheating equipment with operating frequencies less than
or equal to 9 kHz
Machine toofs
Industrial(process measurement and control equipment
Semiconductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow metefs,
spectrum analysers, weighing machines, chemical analysis machines, electronic
microscopes, switched mode power supplies and semiconductor convertgrs
(when not incorporated in an equipment), semiconductor rectifiers/inverters, gfid
connected power converters (GCPC), resistance heating equipment with builttin
semiconductor AC power controllers, arc furnaces and metal melting ovens,
plasma and glow discharge heaters, X-ray diagnostic equipment, computerised
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

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

en

ergy.
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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

De

tailed:

Microwave ovens

Medical electrical equipment

Electric welding equipment

Electro-discharge machining (EDM) equipment

Demonstration models for education and training

a

of equipment subject to other CISPR standards is excluded from thé& scope of CISPR 11.

Inductive or capacitive power transfer apparatus normally subject to CTSPR 11, but forming part

Metal melting, billet heating, component heating, soldering and brazing, grc
welding, arc stud welding, resistance welding, spof welding, tube welding,
industrial laser oscillator exited by high-frequep¢y discharge, wood gluing,
plastic welding, plastic preheating, food processing, biscuit baking, food thawing,
paper drying, textile treatment, adhesive curing, material preheating, short-wapye

diathermy equipment, microwave therapy< equipment, magnetic resonan
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equipme
crystal zone refining, demonstration models of high-voltage Tesla transforme
belt generators, etc.

ce
nt,
s,
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Annex B
(informative)

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

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
directly to a broadband mixer, where it is heterodyned to a suitable intermediate frequency.
Microwave spectrum analyzers are obtainable with tracking radio-frequency pre-selectors
W\’?chh automatically follow the frequency being scanned by the receiver. These analyzgrs

overcome to a considerable degree the disadvantages of attempting to measure—the
amplitudes of harmonic and spurious emissions with an instrument which can generate“such
components in its input circuits.

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

Many microwave spectrum analyzers employ harmonics of the local-oscillator to cover various
pdrtions of the tuning range. Without radio-frequency pressélection, such analyzers mjay
digplay spurious and harmonic signals. It thus becomes~difficult to determine whether| a
digplayed signal is actually at the indicated frequency, or i génerated within the instrument.

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

THese emissions have spectral line components as close together as 1 Hz (due to modulatipn
byl the oven stirring device), and 50 Hz-or 60 Hz (due to the modulation at mains frequency).
Cgnsidering that the carrier frequency is generally rather unstable, distinguishing thepe
splectral line components is not feasible. Rather, it is the practice to display the envelope |of
the true spectrum by employing ‘an analyzer bandwidth which is larger than the frequenicy
inferval between spectral components (but as a rule small in relation to the width of the
spectral envelope).

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral lings,
th¢ indicated peakd value increases with bandwidth up to the point where the analyzer
bandwidth is comparable to the width of the spectrum of the signal. It is essential, therefore,
to| obtain adgreement to use a specified bandwidth in order to compare the amplitudes
digsplayed.by different analyzers when measuring emissions typical of present heating apd
therapeutic devices.

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

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

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

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

sufficiently accurately from the expression:

TH
tel
el

It
dig
dig
thq

11_ 11 11
Eg'=EM - E

ere
is the electromagnetic radiation disturbance (nV/m);
is the measured value of electric field strength (uV/m);
is the electric field strength of the radio transmitter signal (uV/m):

e formula has been found to be valid when unwanted signals @re from AM or FM sound a

evision transmitters having a total amplitude up totwice the amplitude of t
ctromagnetic radiation disturbance which is to be measured.

s advisable to restrict the use of the formula to cases where it is not possible to avoid t
turbing effect of radio transmitters. If the frequency of the electromagnetic radiati
turbance is unstable then a panoramic receivér-or spectrum analyzer should be used, a
e formula is not applicable.

nd
he

he
bn
nd
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Annex D
(informative)

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

For industrial radio-frequency equipment which is situated on or near ground level, t
attenuation of the field with distance from source, at a height of between 1 m and 4 m abo

15

he
ve

ground, depends on the ground and on the nature of the terrain. A model for electric field

prppagation above plane-earth in the region from 1 m to 10 km from the source Is describ
in[[15]4.

Although the influence of the nature of the ground, and of the obstacles on it, on ‘the acty
atlenuation of the electromagnetic wave increases with frequency, an averade)attenuati
coefficient can be taken for the frequency range 30 MHz to 300 MHz.

Ag ground irregularity and clutter increase, the electromagnetic fields~are will be reduc
because of shadowing, absorption (including attenuation caused by buildings and vegetatio
scpttering, divergence and defocusing of the diffracted waves [16}- The attenuation can th
be described only on a statistical basis. For distances from the source greater than 30 m, t
exjpected or median field strength at a defined height varies as‘1/Dn where D is the distan
frgm the source, and n varies from about 1,3 for open country areas to about 2,8 for heay
ilt-up urban areas. It seems from the different measurements for all kinds of terrain that
rage value of n=2,2 can be used for approximate estimations. Large deviations
measured values of field strengths from those predicted from the average fig
stiength/distance law occur, with standard devViations of up to about 10dB in
aplproximately log-normal distribution. The polarization of the field cannot be predicted. The
results are in agreement with measurements in‘@ number of countries.

THe screening effect of buildings on theradiation is a very variable quantity, depending on t

without windows, the attenuation deépends on their thickness relative to the wavelength of t
radiation and an increase in attenuation with frequency may be expected.

Ge¢nerally, however, it is considered unwise to expect buildings to give protection of mu
more than 10 dB.

ed

al

ed
N),
en
he
ce
ily
an
of
el
an
se

he

terial of the buildings, the wall thickness and the amount of window space. For solid walls

he

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

al

ISM RF applications. The respective provisions of the ITU relating to usual residential.and{or

Infernational Standard. Apart from these provisions, additional ITU provisions may apply for

in

"particular areas", which are not addressed in the main body of this standard. The CISPR
regards these ITU provisions and their national derivatives as recommendations since they
may only apply to individual ISM RF applications used in particular‘areas under in sjtu

cojnditions.

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

ISM RF equipment should be designed to avoid fundaméntal operations or radiation of high-
leyel spurious and harmonic signals in bands used for.safety-related radio services. A list|of
th¢se bands is provided in Annex F.

NQTE For the protection of specific safety-related radio\services, in particular areas, an individual installatjon
mdy can be required to meet the limits specified in TablgE.1.

Thble E.1 — Limits for electromagneticradiation disturbances for in situ measurements
to protect specific safety-retated radio services in particular areas

Measuring distance D from the outer face¢
Limits of the exterior wall-of outside the building
in which the equipment is situated
Frequency range
Electric field Magnetic field
MHz Distance D
Quasi-peak Quasi-peak
m
dB(uV/m) dB(pnA/m)
0,283 5 - 0,526 5 - 13,5 30
74,6 — 154 30 - 10
108 137 30 - 10
242,95 — 243,05 37 - 10
328,6 — 335,4 37 - 10
960 — 1 215 37 - 10

E.3 Recommendations for protection of specific sensitive radio services

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

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

Frequency bands allocated for safety-related radio services

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)
0283 5 ﬂyf-'s')R 5 Acronautical radinna\licafinn (nr\n directional hnar\r\ne)
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
P,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
P2,375 5 - 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 - 166055

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 beacons)

Aeronautical radionavigation (108 MHz to\%18 MHz VOR, 121,4 MHz to 123,5 MHz
distress frequency SARSAT uplink, 118\MHz to 137 MHz air traffic control)

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (LS glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radionavigation (long range air search radars)

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

Aerondutical mobile satellite (R)

Aeronautical radionavigation (GPS)

Aerphautical 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-=47400 Aeronautical radionavigation (altimeters)

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

5 3560 — 5 460 Aeronautical radionavigation (airborne radars and beacons)

5600 — 5650 Terminal-Dopplerweatherradar—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 Service)
37,5 - 38,25 Radio astronomy
50 — 54 Amateur Radio Service
70,0 - 70,5 Amateur Radio Service
73 -74,6 Radio astronomy
137 - 138 Satellite downlink
144 — 146 Amateur Radio Service
145,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigation‘satellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astronomy
400,05 - 400,15 Standard frequency 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 2451 240 Satellite downlink
1240 - 1 300 Amateur Radio Service
1260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1710 1 660 MHz to 1 668,4 MHz: Radio astronomy
1 668,4 MHz to 1 670 MHz: Radio astronomy and radiosonde
1 670 MHz to 1 710 MHz: Satellite downlink and radiosonde
1718,8 -1 7222 Radio astronomy
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Frequency bands allocated for sensitive radio services (/ist continued)

Frequency Allocation/Use
MHz
2 200 -2 300 Satellite downlink
2 320 - 2 450 Amateur Radio Service
2 310 - 2 390 Aeronautical flight test telemetry
2 655 -2 900 2 655 MHz to 2 690 MHz: Radio astronomy and satellite downlink
2 690 MHz to 2 700 MHz: Radio astronomy
3-266—3267 Spectrattimeobservations-(radioastromomy)
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 broadcast satellite
14 470 - 14 500 Spectral line observations (rddjo astronomy)
15 350 - 15 400 Radio astronomy

17 700 - 21 400 Satellite downlink

21 400 - 22 000 Broadcast satellite (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) (22,81 GHz to 22,86 GHz is alsd
radio astronomy)

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

2307 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 36500 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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na|tional standards, relevant legal regulations and official specifications. It i@l
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e

manufactured items comply with the limits given (compliance crit , see CISPR 16-4
Sthtistical assessment procedures providing such a confidence I(v,e are specified in H.3
H..2 and H.3.3. >
NQTE When applying another statistical assessment procedure than f those referred to above or specified i
CI$PR 16-4-3, the user of this standard can be invited to show vSche that the compliance criterion set
abpve is also met when applying this other method. 0
M¢asurement results obtained for an equipmen;ﬁasured in its place of use and not on
test site shall be regarded as relating to that | [lation only, and shall not be consider
representative of any other installation and so® [l not be used for the purpose of a statistiq
asjsessment. A\

xO
Hf2 Type tests .\(\}‘

Cl

H

H

de
5%

H.

H.

The assessment is positive when the measured values from all items of the sample are under

THe assessment of conformity of equipment tested on a test site s 'TYbe based
measurement results obtained in accordance with the specificatio%of Clause 7. H

Ag a rule, the positive result §’a type test on a given appliance according to the respecti

.2.1 either on a sanptple of appliances of the type using one of the statistical methods
eviluation in accorc@y with H.3,

2.2 or, fore@plicities sake, on one appliance only. In this case subsequent tests 4
nelcessary fr%

NQTE @nition of a type test made on only one appliance of series-produced equipment as type approval n
en& na
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Annex H
(informative)

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

1 Significance of a CISPR limit

commended that international organizations use these limits. The significance of \Kmlts
type approved appliances shall be that on a statistical basis at least 80 % ofdﬂ maq
bduced appliances comply with the limits with at least 80 % confidence. Q

uipment in series production, there shall be 80 % confidence g at least 80 %

SPR standard will be rec ed as approval of the type if the type test was performed

)

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

tional or regional regulation. National or regional authorities may rely on different quality assurai

)
t o be maintained by the manufacturer. Consult respective national or regional regulations.

3 Statistical assessment of series produced equipment

3.1 Assessment based on a general margin to the limit

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

S

ample size (n) 3 4 5 6

General margin to the limit (dB) 3,8 2,5 1,5 0,7

[N ]
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15

This method can be used to get a quick final pass-decision. If the conditions are not fulfilled,
this does not yet mean that a product is non-compliant. To determine non-compliance, the
measured results shall be evaluated by one of the methods in H.3.2. (use of non-central -
distribution) or H.3.3 (use of binomial distribution).

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

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

xmax + kE O-max SL

Ompax

Th
nu

mpBx

ere A

is the highest (worse) measured value of all items in the sample; Qy
is the coefficient from the table below, depending on the sample size; Oj

is a conservative value for the expected maximum standard deviation in a product gr and which
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 ordina&or, is given in absol

nerical value, see table in this NOTE. K

is

—_

e

) N
bmple size (n) 3 4 ) 5 6

Cc
rag
as
6,0
hig
us

H.
H

TH
12
fivj

NG
all

Cq

wh

&
oefficient kg 0,63 0}1 O\ 0,24 0,12
Q"
BPR 16-4-3 recommends a value 6, ,, = 6,0 dB for both the dist%ﬁnce voltage and the disturbance power.
iated disturbances, measured on equipment in the scope of f\ standard, the same value for 6 ,, has be
umed. The values for the general margin to the limit in Taple H.1 above are a simple multiplication of 4
dB with the coefficient kg. In Table H.1 values are give for a sample size up to n = 6 because for n = 7

her the method given in H.3.3 can be applied, where$ue binomial distribution without an additional margin
bd.
.\@

3.2 Assessment based on the no entral 7-distribution
8

.p.2.1 Normal procedure \\(\}‘

e measurements shall be perfg(r.‘&ed on a sample of not less than five and not more th
pieces of equipment of t ype in series production, but if in exceptional circumstanc
e pieces of equipment ar@ t available a sample of three or four may be used.

identical units and al

TE The assessment%@ on a sample of the measurement results obtained for a sample of size n relateq to

for the variations that can be expected to arise due to quantity production technique

mpliance isQi@eved when the following relationship is met:

%Qv X +kS, <L
£\

For
en
his

or
is

an

S.

3

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

Sh

sample;
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 and L are expressed logarithmically: dB(uV), dB(uV/m) or dB(pW).

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.B.2.2  Extended procedure é
When applying the procedure as in H.3.2.1 a given sample of equipment whio_le;auses
fluctuating disturbances may fail to meet the compliance criterion. In such cases@‘e extendged
asjsessment procedure defined in this clause can be used. (],

TH
su

Cq

R4

R4

NG
de

Cq

Th

Fag

r\.

e statistical assessment shall be carried out separately for theq.ollowing frequen

branges:
N
nducted disturbances: a) 150 kHz to 500 kHzg\Q

b) 500 kHz to 5 MHz ©

c) 5 MHzto 30@@

Q
diated disturbances below 1 GHz: a) 30 MHz 30 MHz
b) 230.@9 to 500 MHz
c) 50¢*MHz to 1 000 MHz

N
diated disturbances above 1 GHz: \qj 1,0 GHz to 4,5 GHz

C\}“ b) 4,5 GHz to 18 GHz
N\

TE For group 2 equipment, there may be no need to fully or continuously cover the frequency subrang
ined above, see respective infor@oﬁ in 6.3.2.4, Table 13.

mpliance of the sampl(’@udged from the following modified relationship:
%\ X+kS, <0
e value of@e‘pends on the sample size »n and is stated in Table H.2 above.

r det@nation of compliance, the standard deviation formula as in H.3.2.1 shall be used:

es

2 ,
(e

X

n—1

where

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

sample;

X is the margin of the disturbance level of an individual item of equipment to the respective
limit. X is to be determined as follows: for each of the defined frequency ranges, the
margins between the measured values (readings) and the limit are defined. The resulting

margin X is negative where the measured value is below the limit, and positive, where it

is
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higher than the limit. For the »th individual item of the sample, X, is the value of the margin
at the frequency where the margin curve shows its maximum.

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

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

If all measured values are below the limit and the statistical assessment failed only due to a
high standard deviation, it shall be investigated whether this high standard deviation has been
unjustifiably caused by a maximum of X|, at the borderline between two frequency subranggs.
In|this case the assessment can be done according to H.3.3. Qy

NQTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured disturpbé es occlirs
nef@r the borderline between two frequency sub-ranges. "U " is the measured disturbance v " he
frepuency. Here two units with different characteristics out of a sample are shown. For broadba |sturbances he
value of the maximum as well as the frequency of the maximum can change from unit E‘Nmt differences |as
bejween unit 1 and unit 2 in a sample are typical. An average value and standard deviatioh is calculated for|all

units (of which two are shown) for each subrange. In this example the calculated standa viation is much higher
forf subrange 1 than subrange 2 (e.g. consider how different the values of X, and X, @re*at the borderline). Eyen
thqugh the average for subrange 1 is much lower than subrange 2, after taking int ideration the high valug of

=]

S _multiplied by the factor out of Table H.2, in rare cases this could lead to the sa@‘@ set failing the given critefia.
Sirjce this is simply a consequence of the way in which the frequency subrange e been defined, no statisticglly
meganingful conclusion can be drawn regarding compliance.

A Frequency Frequeé
subrange sub

1

U

— g

Limit

T
l
[
I
l
i .
|
I
a

X1

Unit 2

Rl R ERRRRRRRRRRRRRRR NN
A 4

sahanaahhassnannnnnunnns

@ ’ IEC
C)O

é}dre H.1 — An example of possible difficulties

H.3.3 Asses@oe)nt based on the binomial distribution

Cgmplianc kjudged from the condition that the number of appliances with a disturbange
leyel ab e appropriate limit may not exceed a number of ¢ in a sample of total size n, sge
Tgble

) .

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.


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

CISPR 11:2015 RLV © IEC 2015 - 75—

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

prV|des a defined common mode (CM) 150 Q termination |mpedance for the d.c. pow,
of|the power converter under test during measurements of conducted RF dlS’[UI’b?N at
standardized test sites. It is constructed to provide, in the intended frequency frg
150 kHz to 30 MHz, well defined termination impedances for symmetric (or differ, aI modg —
DM) as well as asymmetric (or common mode — CM) disturbance components(|The values
thése termination impedances are specified in Clause 1.4. '\’

Fdrther, the DC-AN is furnished with a decoupling network (i.e. QEC filter) such that

suffficient decoupling is provided between its EUT port and its AE p |n order to prevent RF

digturbances from the laboratory d.c. power source to affect oﬁmmed measuring resul

th¢ construction of that filter prevents, in most cases, saturation effects in mitigation filters t

[S.

gving asymmetric decoupling capacitors with some 100 nF t out 1 uF capacitance only

ne

pagwer converters may be furnished with and this w rovides for valid, reliable apd
repeatable measurement results.
A\
QO
; ) 7
1.2 Structures for a DC-AN \\'Q
1.2.1 AN suitable for measurement of&@symmetrical mode (UM) disturbances
Sifnilar to the V-AMN, the AN shall @w for measurement of the unsymmetrical moge
digturbance voltage level at a single inal (or conductor or pole, respectively) of the EUT's
d.¢. power port under test, relat| laboratory reference ground. An appropriate AN wodyld

heltnce be e.g. a pseudo V-AN, a d of delta network. For layout and design, the principl
seft out in CISPR 16-1-2 shallthe observed. A circuit diagram of a suitable Delta-network
found in Figure 1.1. O

O

NJTE Due to constralnts design of true V-ANs for a certain defined ratio of the DM to CM terminat
impedance, constructio pseudo V-AN may require use of a third shunting resistor connecting to the two po
terminals of the EUT Rt%‘o

impact on the requi M and CM termination impedances and provide for these termination impedances a

voltages the d o-star conversion formula for resistor networks can be used. Further, these terminat

dufing measure@ UM disturbance voltages. For calculation of the termination impedance for UM disturbarjce
t

impedances @ Iso be measured directly at the EUT power terminals of the AN in relation to common ground in

es
S

on
ver

the AN. Such shunting resistors as R, in Figure I.1 or R, in Figure 1.4 do not have gny

SO

on

using an priate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons only.
UM dist ce voltages can also easily be measured with Delta-ANs when they are furnished with respectjve
measuting ports.

1.272 AN suitable for measurement of common mode (CM) and ditterential mode

(DM) disturbances

A Delta-AN shall allow for measurement of the symmetric (or differential mode — D

M)

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

figure is also replicated in Figure I.2.
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1.2.3 AN suitable for measurement of UM, CM and DM disturbances

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

1.3 Employment of DC-ANs for compliance measurements

)
1.3.1 General Qy

can be used. Other artificial networks specified in CISPR 16-1-2 can also be u if providiphg
an| asymmetric or common mode (CM) 150 Q termination for the port under tq’s to laboratqry
reference ground, and if being furnished with an appropriate low CM?bIocking capacijity
delcoupling LC-filter.

Fgr the measurements, pseudo V-ANs as well as Delta-ANs meeting the requirgh\ ts in |.4

NQTE Presently the 150 Q artificial mains V-network specified in CISPR 16- -\'%14, 4.5 cannot be used [for
megasurements of conducted disturbances at LV d.c. power ports, since providi a common mode terminatfon
impedance of 75 Q only. Such a V-network does not meet the most essen@ technical parameter specified| in
Taple 1.1 Pos. 3, i.e. the value of 150 Q, for the common mode termination{impedance. Negotiations in definition| of
sygtematic corrections for measurement results obtained in use of such @ orks have not been started yet.

Sdlection 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 confidenég’level as results obtained when usipg
th¢ established V-network. Information on aspects@f measurement uncertainty in respect|of

artificial mains networks (AMN) is found in CIS 16-4-2:2011, Clause 4. This information|is
algo valid when employing DC-ANs which co with the specification in 1.4.

Q\
If |]a combined AN is used, then it ices to just apply it either for measurement |of

unsymmetrical mode (UM), or for meeg.urement of both, common mode (CD) and differentjal
m¢de (DM) disturbances. C)\\

In|any case the assessment.Of\the RFI potential of a given port under test in the frequenicy
rapge 150 kHz to 30 MHz@ only completed, if measurement results were obtained apd
recorded either for the twﬁpomposite unsymmetrical mode (UM) disturbance components, or for
bath, the asymmetric @common mode (CM) and the symmetric or differential mode (DM)
digturbance compon@s as well.

1.3.2 Psen@-AN

In|the ps@%-network an assessment of these components is only possible in combinatipn
as| co te unsymmetrical mode (UM) disturbance voltages, the level of which can pe
difffer. for each terminal of the given port under test, due to internal HF imbalance of the
E common ground. These are the “classical” terminal disturbance voltages which can pe
compared with the established limits directly and which hence constitute the established EMC
requirements, for example for a.c. mains ports.

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

1.3.3 Delta-AN

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

a

re equal to or less than the respective limit.

4 Normative technical requirements for the DC-AN

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

Pops. Description of the parameter Nominal value and tolerance \A

[1 Type of the DC-AN Delta-network suitable for measurements \e{d.
power string or port (plus pole, minus p%and
reference ground)

o

D Calibrated frequency range 150 kHz to 30 MHz (measuremer'lt. \Q}e)

B | CM termination impedance at the EUT port, (150 £30)Q '\\
magnitude AQ‘~

| CM termination impedance at the EUT port, phase (0 £40)° Y

K%)
5 DM termination impedance at the EUT port, (150 + 30)Q Q\
magnitude rs\\

O
o o
3 DM termination impedance at the EUT port, phase (0 £ 40) Q

Longitudinal conversion loss (LCL) at the EUT port @ | > 26 dB Vmetrical 150 Q system)
(measited according to CISPR 16-1-2)

— ¥

B | CM insertion loss AE port — EUT port > 2&% (asymmetrical 50 Q system)
o

D | DM insertion loss AE port — EUT port \'QS)O dB (symmetrical 150 Q system)

2,

> 40 dB, with external capacitor

Py g

&7
10 | Discharge resistors for decoupling capacitorsd.h\the >1,5 MQ
d.c. current path xO

@] The LCL of the AN should be significantl%}kﬁger than the internal LCL of the EUT. During the measurement

unsymmetrical disturbance voltages o sturbance components from internal mode conversion DM to CM
the EUT need to be assessed. The §tatistical mean value of the LCL of installed PV generators has alrea
been taken into account when de't\errpining the limits for the DC power input port of GCPCs.

in
iy

N

nefjwork described in ClI
phptovoltaic power gene\ g systems.

a

)
d

d

>

QTE The parameters in T, g*h have been derived in developing modern implementations of the 150 Q CIS
6-1-2 for use with measurements at low voltage d.c. power ports of GCPCs

pearing w switching the laboratory d.c. power source on and off. Furthermore, secy
Ivanic ection shall be guaranteed to the AN's ground in order to drain transie
i char& rrents through the coupling capacitors when switching the laboratory source off|

Mgasuring por, hall be protected from low frequency components of voltage transier

PR
for

re
nt

De&ppling capacitors in the d.c. current path shall be bypassed with high resistan

ischarge resistors, see position 10.
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1.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz
Table 1.2 — Parameters and associated tolerances in the range 9 kHz to 150 kHz
Pos. Description of the parameter Nominal values and tolerances
2 Extended frequency range 9 kHz — 150 kHz
(includes the operation frequency of GCPCs)
3 CM termination impedance at the EUT port, > 10 Q (AE port open)
magnitude
4 CM termination impedance at the EUT port, phase not specified
5 DM termination impedance at the EUT port, > 1 Q (AE port open)
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.kMz
(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 (asymnfetrical 50 Q system),
decreasing with decreasifig frequency with
40 dB/decade
9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz

> 40 dB with exterhal capacitor

(symmetriéaly150 Q system), decreasing with
decreasigg frequency with 40 dB/decade

NQTE The parameters in Table 1.2 have been derived in deyeleping modern implementations of the 150 Q CIS
ne{work described in CISPR 16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs

phetovoltaic power generating systems.

Examples of practical implementations of DC-ANs

PR
for

S A i L, L. | A
2 o— I — —0
S ' I
E . |G
] ! C, .-
5 | == ! B
- ! |
© | 47nF -]
5 | 5
5 ' S |5
o | i L =
2 = | 330nF |2
X LS " | £
I~ T |
S I |47nF s
o I |
o ! |
S | !
o O—— —O
> B | | B
o P |
Reference Ground

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

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

Common mode voltage 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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Measuring apparatus - (19
P is the connection for apparatus under test Q~
1 for the symmetrical component Q
2 for the asymmetrical component % IEC
Figure 1.2 — Practical implementation of a 1 DC-AN
suitable for measurement of CM and D isturbances

(Example, see also Figure A.2 in CISI@ 6-1-2:2014)
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O
Switch position:
1 V shape A
2 Vshape B \
3 Y shape c1
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n>. G
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— [=
47n 5
B
o N
¢ > E [] R1
Q?“ GND  GND
% B-EUT
O

&?\ 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 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
™ 220nF
=7 R3
44nF
B-PV-GENERATOR B-EUT

IEC

NQTE Mode A and mode B represent employment of the artificial network forameasurement of unsymmetrical
mdde (UM) or "terminal” disturbance voltages.

Figure 1.4 — Practical implementation of a 1507Q*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

J.1  General information and purpose

F 1 asuremer O 0 Uroar e el c vollage Of grid onne ed DOWeE
intended for supply of electric energy into AC mains grids and similar

e{?}nﬂy
cessary on the DC input side of the GCPC, while connection to another &50 oprigte
lalporatory AC power source or AC mains grid is necessary on the AC output sid%&o.

v

THe DC power is fed into the DC input power ports of the GCPC, and not\'c\ohsumed in the
GCPC, and so almost completely converted to AC power and output to AC side. If the AC
pawer output from the GCPC is not consumed by a resistive load etc{ the AC power currgnt
can reversely be carried into the laboratory AC power source, and e equipment may pe
damaged. In addition, there are some countries where reverse Q&Q,er flow into the AC mains
is [restricted or prohibited by national law and regulations. Thu@ he global setup of the tgst
site used for the measurements needs attention, and a prdper and appropriate setup mpy
even enable simplification of the test arrangement and c@uration for the equipment under
tegt (EUT). Examples of suitable setups for the test site\i described below.

5\0‘
i @
J.p Setup of the test site \\'Q

N

D i i .
J.2.1 Block diagram of test site A\Q)

THe measurement arrangement and cor\@;uration for the EUT can be simplified by use of a
tegt site having a configuration as sh%\aﬁn in Figure J.1/J.2. For this setup, the AC output of the
GCPC is connected to the AC in f the laboratory DC power supply through the V-ANIN
used in the measurement arrangement. The laboratory DC power supply converts AC power
info DC power, and it is supptied to the DC input of the GCPC. Thus, the current circulates

frgm the AC output to the put of the GCPC. The advantages of this site configuration gre
that the DC power suppl nsumes the AC output power of the GCPC, and so a resistive
load is not required to@event AC power currents from flowing into the laboratory AC power
solurce. \%
AC mains %
(grid) ===+ AC current
g?K;boratory . EMI *EW
AC i — isti c DC input
Soﬁ?(\;\;er l_ filter Resistive load [AC output | scopg Pl inpu

J_ (optional) 1_ (EUT)
v L (
2

'\ Trans. 1
L former = AMN m L Dpc-AN <—|
AC input II i (optional) !
Change in
DC power electrical
supply system — Reference ground
DC output | = EMI
— | filter —
I DC current flow

IEC

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

/ \\\‘\
Laboratory B ’ o

Transformer’ ’
(optiopal)

pzﬁge in electrical system

AC power sy !
' S Zd
S, //'

EMI-filter D’c cable

(grid) v 4
WAL
n Q\
\O IEC

NQTE The distances defined as ‘x’ and * ’\'\I\Q-Ple diagram refer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.2 —@étup of the test site (Case 1) — 3D diagram

Cdgnsequently the laboratéry"AC power source needs to provide only the total power losses|in
th¢ test arrangement, once the measurements are started. Because the laboratory AC power
source is used, it\ voltage and frequency can easily be adjusted conforming to the
splecifications for @ AC output side of the GCPC. Reverse AC power current does not flpw
info the AC po&®ource, and so it cannot be damaged.

J.2.2 hwer supply

The | ?r“atory‘s DC power supply shall have enough output power to operate the GCPC at jts
ra C output power. In addition, a control for adjusting properly its DC output voltage|is
NeTEsSary. M case of the testsite Setup as shown I Figure J. 17372, the efectricat systemnT of
AC input to the DC power supply shall match with that of the AC output of the GCPC.

J.2.3 AC power source

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

Other components

- 83

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
a proper transformer shall
Figure J.1/J.2 to appropriately convert the electrical systems.

single phase-two-wire system,

be inserted as shown

in

J.

J.
O

the
G{
Fi
A(
co
cu
en

B.1

B  Other test setups

Configuration comprising laboratory AC power source and resstw@'\oad

the other hand, there are some cases where each electrical system c(t]mot basically
matched such as three-phase input of the DC power supply with a smg%

GCPC (EUT), etc. (there is also the reverse case). In such caseQ e
CPC cannot directly be connected to the AC input of the DC p

&

se AC output
AC output of t
supply as shown
allel with the laboratdg

jure J.1/J.2. In this case, another resistive load is connected in(p

power source as shown in Figure J.3/J.4 and the AC powe
nsumed by that resistive load. As a result, the resistive

r

9events the AC output pow

%f the GCPC (EUT) shall

AC mains (grid)

rrent of the GCPC from flowing reversely into the lab

&

lo
a§>ry AC power source,
sftie GCPC.

ough power to exceed the maximum AC output power
S
AC mains S\
(grid) AC current (&)
Laboratory o EMI fI0£b \\'Q
@— AC power filter AC output GCPC DC input
source . ®$ 1— -
L 3
— \O
X C\)&' Resistive | <
C)\\ load — ’—l

if it h

~— Reference ground

(optional) C)
l':: “‘. DC powe 3 EMI
\F===1 " supp — | filter —
M~=" AC bC DC current flow
input output |

Figure J.3 — Setup of the test site (Case 2) —
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15

Resistive ‘
load

EMI-filter

Laboratory b
. AC power source

AC mail ‘

“{gnd) "'\'!?\”t output -
mput
qq,

AC mains{grid) ’I.\
{optional)

DC power su pp\\r

@ IEC

Figure J.4 — Setup of the\‘kst site (Case 2) — 3D diagram
xO

.3.2 Configuration in case of J'\@ﬁarse power flow to the AC mains

is setup example shows t,hg) case where the laboratory AC power source (s
jure J.3/J.4) is not connec@\to the AC output side of the GCPC.

case the AC output ofﬁnb GCPC is connected to the AC mains through a filter as shown
pure J.5/J.6, the A @lfput current of the GCPC flows to the AC mains, and therefore it
t required to co

e, there is a_dj
nforming to

dvantage that the AC power voltage and frequency cannot be adjust
pecifications of the AC output side of the GCPC.

TE The distances defined as ‘x’ and ‘)’ in the dlagraws}ér to those as detailed in CISPR 16-2-1:2014, 7.4.1.

in
is

the resistive load as shown in the previous setup, Case 2. But in this

ed
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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


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

- 86 — CISPR 11:2015 RLV © IEC 2015

Annex K
(informative)

Test site configuration and instrumentation — Guidance on prevention

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

K.1 General information and purpose

Most types of power converters use operation or switching frequencies in the ran \éf a
coluple of 100 Hz up to 25 kHz. The measurement results obtained in the range o ergst
(190 kHz to 30 MHz) are sometimes seriously invalidated by the effective total co n mofe
(C[M) impedance of the whole d.c. power supply chain in the test environment i range|of
about 500 Hz to 150 kHz. If the operation frequency of the power conveftbr under t¢st
colincides with the frequency of the series resonance dip(s) in the effecﬁ'@e’total commpn
m¢ede (CM) impedance in the whole laboratory d.c. power supply ?gin, excessive (¢GM
digsturbance currents may appear at the operation frequency and may rate the built-in EMI

rs (as e.g. common mode chokes) in the EUT. Consequen@t will cause serious
performance degradation of the filters in the measuring frequencyﬁf} ge 150 kHz to 30 MHz.
Pgrformance degradation of the filters means that excessive & disturbance levels will pe
regcorded causing the power converter under test eventually(g AIL proving compliance wijth

requirements specified in this standard. QO

N\

It shall be said that such mode of operation of power (‘%Q)\/erters prominently deviates from the
opleration conditions in normal use. Hence additiona@c untermeasures should be taken at tgst
sitle configuration level in order to operate the po@r converters as intended in normal use,|in
type tests according to this standard.

.\Q)

Agq a matter of course, CM decouplin%gapacitors shall be employed, in conjunction wijth
sujitable series inductors, as LP-filter ouple the termination impedance at the EUT port|of
th¢ artificial network (AN) e.g. fro uences of the laboratory d.c. power source at the AE
pdrt of this AN. The specification o\the DC-AN as in Annex | Table I.2 guarantee that the GM
tefmination impedance at the EUT port of the AN remains at least at values of 10 Q or mofe,
at|the series resonance of i ernal LC LP decoupling filter. This will prevent the saturatipn
effects mentioned abovec'& ost of the practical testing cases. For the magnitude-versys-
frgquency characteristics the CM termination impedance of the AN in the range 9 kHz|to
190 kHz, consult the‘ﬁ:}fications provided by the manufacturer.

N\

Cgnsidering no igation of common mode RF currents in the whole laboratory d.c. power
supply chain %e test site, this mitigation and involved additional CM decoupling capacitqrs
and com ??node chokes (as e.g. in the EMI filters at the site) may interact with the
chfaract s of the built-in LC LP decoupling filter of the AN, and may cause frequenlcy
shijifts e series resonance dip(s) of the effective total common mode (CM) impedange
e pgj 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
to 150 kHz

If

dig
thi
all
to

1)

2)

3)

4)

excessive levels of disturbance are observed during measurements of cond I

turbances at LV d.c. power ports of power converters in the range 150 kHz to 3 z, the

pocated someplace in the range below 150 kHz. To avoid such conditions it i. ommend
N>

N
For measurements at LV d.c. power ports of power converters@nly ANs complyi

s may be caused by saturation effects appearing at the operation frequen ; the El

observe the guidance given below.

with the technical requirements of the 150 Q artificial mains D network according
4.6 of CISPR 16-1-2:2014, or according to Annex | of this stan

Apply good test site engineering and check whether the wh§e measuring instrumentati
(DC-AN excluded) and test site configuration are suitab use with measurements

power electronics operated in switching mode c@ ns at operating frequencies
I

(fundamental frequencies) allocated in the range ow 150 kHz. Depending on t
implemented technology and nominal power t hput, power converters may u
fundamental or switching mode frequenmes |n range from a couple of 100 Hz up
about 150 kHz.

Whenever possible insert additional comm mode (CM) absorbing devices such as ferr|
tubes, CMADs or also 150 Q CDNs ac%o&?ding to IEC 61000-4-6, between the AE port
the AN and the laboratory d.c. powe pply port allocated in the test environment. H
this purpose an extended length of d.c. power supply cable can be used too. In coil
form it introduces an additional, oupling inductor (i.e. a common mode choke) put
series to the laboratory's co mode current circuit. In any case, check the efficien
of the added common mode r€jection devices, since for most of them you will not fi
specifications of technica@ndracteristics in the range below 30 MHz.

Avoid coincidence of gpmdamental or operating frequency of the power converter undg
test with the frequ of the series resonance dip in the CM impedance of the whq
d.c. power suppl ain consisting of the laboratory d.c. power source, the EMI filte
used in the ngﬂ ion of the OATS or SAC, and the AN. The frequency of the resonan
dip in the mpedance of the power supply chain can be shifted by changing t
capacitan the effective CM decoupling capacitor. Addition of external CM decoupli
capaci s recommended at the interface between the AE port of the AN and t
labor, d.c. power supply port allocated in the test environment. Be aware that a line
c ors with different capacitances may be needed if the testing business compris

on

he
se
to

te
of
or
ed
in
Cy
hd

er
le

ce
he
ng
he
of
es
he

% r converters implementing various technologies, power throughput classes and t
e

K.

Remember that the operation frequency may he allocated someplace between
couple of 100 Hz up to about 150 kHz.

3 Detailed advice

K.3.1 General

The following descriptions are found for a decoupling circuit of the DC-AN in Clause I.1:

“Further,

the DC-AN is furnished with a decoupling network (i.e. an LC-filter) such that

sufficient decoupling is provided between its EUT port and its AE port, in order to prevent RF
disturbances from the laboratory d.c. power source to affect obtained measuring results.
Having asymmetric decoupling capacitors with some 100 nF to about 1 uF capacitance only,
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the construction of that filter prevents, in most cases, saturation effects in mitigation filters the
power converters under test may be furnished with, and this way provides for valid, reliable

and repeatable measurement results.”

However, if the laboratory d.c. power source is applied in measurement of RF disturbances as
shown in Figure K.1, the CM RF current caused by the EUT does not only flow through the
decoupling capacitors composing the decoupling circuit of the DC-AN, but also through the

decoupling capacitors the laboratory d.c. power source and the EMI filter of the test site a

re

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)

T 27 Y=

I'(t)+1”(t) T(t)+1" () +1"(t)
q ) +17(t )+ (£) 417 (¢

X IEC
Q)
OQ

Figure K.1 — Flow of the comm\t mode RF
current at test site confi @ ion level

An obvious countermeasure for prevention of\‘&@se additional contributions to the to

effective RF CM current at the operation freq@ncy of the power converter under test is

in¢rease the CM decoupling loss in betweefdthe AE port of the DC-AN and the laboratg

d.¢. power supply port allocated in the te%e vironment.
b\

THis decoupling loss can be incr d by insert of additional series inductors (preferr
coluntermeasure) and/or by emﬂg ment of additional CM decoupling capacitors at t
inferface in between the AE gdr,t of the DC-AN and the laboratory d.c. power supply p

allocated in the test envir nt (countermeasure for shifting the frequency of the seri
resonance dip in the CM 6) nation impedance at the EUT port of the DC-AN).

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

9 kHz ~ 15 z are inserted between the AE port of the DC-AN and the laboratory d.c. pow
supply p llocated in the test environment as shown in Figure K.2, the capacitances of t
d cque capacitors the d.c. power source and EMI filter are equipped with can

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

If fome suit;l@%Ml clamp devices etc. which attenuate the common mode RF current

tal
to

ry

ed
he
brt

in
er
he
be
be

00, if arrnngnd to fnrming 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 A

Y
Figure K.2 — Blocking of flow of common mode RF current Q‘
by insert of series inductors y\<f)

Q

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

A mentioned above, because the effective magnitude of a\acitance of decouplipg
calpacitors of all the laboratory measuring systems including theﬁ‘fboratory d.c. power sourgce
may cause saturation effects in mitigation filters the tran% er-less power converter|is
equipped with, it is necessary to use laboratory d.c. pow urces and EMI filters with lpw
capacitance common mode decoupling capacitors o%?) serve however that use of GM

decoupling capacitors with low capacitance only also reduce suppression of RF
disturbances generated by the Ilaboratory d.c. er source. If extremely large RF
digturbances occur during type tests on transfor ess power converters which are thought
to|be caused by saturation of the built-in mitigat'?)\q filters, then it should be considered to uge
batteries as d.c. power source. )
Q\

K.B.3 Employment of additional co@lon mode decoupling capacitors at the
interface between the AE yort of the DC-AN and the laboratory d.c. power
supply port allocated ib test environment

Fdgr an increase of the decou ihg loss between the laboratory d.c. power supply chain apd
th¢ measurement arrang t additional CM decoupling capacitors can be connectgd

between the AE port (i.e decoupling circuit) of the DC-AN and the laboratory d.c. power
sujpply port allocated i@e test environment as shown in Figure K.3.

o

%\ Additional
blocking capacitors
L ry GCPC
D er Suppw EMI filter J DC-AN (EUT) AMN

L __AC mains

SU AR BER T

?\
D

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://standardsiso.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 90 - CISPR 11:2015 RLV © 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 studled the methods of solving the saturation problem on the assumptlon that not a

SS
pawer converters Figure K. 4 shows an example of common mode |mpedance charact hs\ilcs
for a DC-AN according to Table 1.2. As shown in Figure K.4, it proves that there is a gnt
pdint in the proximity of 20 kHz and the common mode impedance remarkably deoj ses|at
this resonant frequency.

A q’Q

@ DC-AN common mode impedance characteristics ,\'\ N
_ 500
(o3
N <>Q
400 oy
\ Sl
350  OF L

250 || | || \
\ 9 kHz ~ 150 kHz 5\\)
200 Ll \ \\ | @[‘7) | LELLEEY
R
100

50— _.__\\// O
0
0 1 G G YA S S i | (SRR L S i I 1  ERNRY R i B 1 L e
0,001 0,01 G\ 0,1 1 10
Resonant Frequency (MHz)
@ point

IEC

Figure K.;%@M termination impedance at the EUT port of a DC-AN —

Magnitude-ver frequency characteristic in the range 3 kHz to 30 MHz, Example

THe saturatlo mitigation filters the power converter is furnished with, that currenfly
belcomes Iem occurs because a large common mode current flows in case the resongnt
frgquen kHz) coincides with the operating frequency of the power converter (EUT).

Hd wem he resonant frequency is practically determined not only by the DC-AN, but also py
on mode impedance characteristics of all of the instrumentation used in the whagle

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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ing

measurements of conductive disturbances have correctly been performed

W(th exchange of hardware components in the DC-AN, it is possible(§increase or decrea
th¢ capacitance of the CM decoupling capacitors by setting up Sw es for switching series
anld parallel connection of these decoupling capacitors as sh

such measure cannot be recommended for application in rial laboratory practice sin
pdssibly violating the calibration of the respective DC-AN. ever, switched-type combin
exfternal CM decoupling capacitors can be used, if nece . Application of such capacitdg

Wi

frgquencies than found in the manufacturer's specific&t&bns.

Additional
blocking capacitors
GCPC
DC power source EMI filter / DC-AN (EUT) AMN
I ey B prny B p — | [oemmm oo} - AC mains
I 1T 3 T L
1T ool U ISRl 1),
i H ]
{ T
il oo
T ] S It
= IEC A
Figure K.5 — Prevention of saturation of mitigation filters Q}’
by use of additional decoupling capacitors '\@

In|other words, if the measurement results in case the capacitance of decouplim}Qapacitors i

reased are the same as those in case it is unchanged, it can be con(: ded that t

in Figure K.7. Howev

| always shift the series resonance of the DC-AN Q{t rnal LC decoupling filter to low

br,
ce
ed
rs
er

c A DC-AN common mode ini&iance characteristics
~ 500 $ ‘
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N 450 e \‘g\ -
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Figure K.6 — Change in the resonant frequency caused by the increase
and decrease in the decoupling capacitor's capacitance

DC-AN

¥
blocking - I 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

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris|ng
all national electrotechnical committees (IEC National Committees). The object of IEC~is™to prompte
international co-operation on all questions concerning standardization in the electrical and electronic fields.|To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatiops,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’\referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee interesjed
in the subject dealt with may participate in this preparatory work. International, \governmental and n¢n-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closgly
with the International Organization for Standardization (ISO) in accordance- with conditions determined by
agreement between the two organizations.

1

~

2) | The formal decisions or agreements of IEC on technical matters express, as_nearly as possible, an internatiopal
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 Natiopal
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or for gny
misinterpretation by any end user.

4)|In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatigns
transparently to the maximum extent possible in ,their national and regional publications. Any divergerce
between any IEC Publication and the corresponding.national or regional publication shall be clearly indicateq in
the latter.

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

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

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

8) | Attention is drawn(teythe Normative references cited in this publication. Use of the referenced publicationqg is
indispensable fof 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 {IEC shall not be held responsible for identifying any or all such patent rights.

Infernational Standard CISPR 11 has been prepared by CISPR Subcommittee B: Interference
relating 'to industrial, scientific and medical radio-frequency apparatus, to other (heayy)
industrial equipmen er i i ] Ji e

traction.

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

It introduces and permits type testing on components of power electronic equipment, systems
and installations. Its emission limits apply now to low voltage (LV) a.c. and d.c. power ports,
irrespective of the direction of power transmission. Several limits were adapted to the
practical test conditions found at test sites. They are also applicable now to power electronic
ISM RF equipment used for wireless power transfer (WPT), for instant power supply and
charging purposes. The limits in the range 1 GHz to 18 GHz apply now to CW-type
disturbances and to fluctuating disturbances in a similar, uniform and technology-neutral way.
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For these measurements, two alternative methods of measurement are available, the
traditional log-AV method and the new APD method.

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

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

THe text of this standard is based on the following documents:

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

Full information on the voting for the approval of this standard can beAound in the report pn
voting indicated in the above table.

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

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

* | reconfirmed,

* | withdrawn,

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

IMPORTANT - The 'colour. inside’' logo on the cover page of this publication indicat¢s
that it contains coloursy*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

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

c)| that certain frequencies are designated by the International Telecommunication Unipn
(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 j ohcerned—with—the——controlof RE disturba
means of an assessment of these disturbances either at
individual ISM RF application which cannot be tested at such a site, at its place of operatign.
Cgnsequently, this CISPR Publication covers requirements for conformity assessment‘of both,
equipment assessed by means of type tests at standardised test sites or of -inhdividyal
eguipment under in situ conditions.

THe ITU is concerned with the control of RF disturbances from ISM RE, applications durihg
normal operation and use of the respective equipment at its place of operation (spe
Definition 1.15 in the ITU Radio Regulations). There, use of (radio-frequency energy
delcoupled from the ISM RF application by radiation, induction/or capacitive coupling |is
restricted to the location of that individual application.

THis CISPR publication contains, in 6.3, the essential )emission requirements for pgn
assessment of RF disturbances from ISM RF applications at standardised test sites. Theke
refuirements allow for type testing of ISM RF applications operated at frequencies up |to
18 GHz. It further contains, in 6.4, the essential “*emission requirements for an in sjtu
asisessment of RF disturbances from individual ISNNRF applications in the frequency range pp
to|1 GHz. All requirements were established in close collaboration with the ITU and enjpy
approval of the ITU.

Haowever, for operation and use of several types of ISM RF applications the manufactureér,
ingtaller and/or customer should be aware of additional national provisions regarding possible
licensing and particular protection-needs of local radio services and applications. Dependipg
on the country concerned, such~additional provisions may apply to individual ISM RF
applications operated at frequencies outsides designated ISM bands (see Table 1). They also
may apply to ISM RF applications operated at frequencies above 18 GHz. For the latter type
of |applications, local protection of radio services and appliances requires an accomplishment
of| the conformity assessment by application of the relevant national provisions in the
frgquency range above 18 GHz in accordance with vested interests of the ITU and national
administrations. . These additional national provisions may apply to spurious emissions,
emissions appearing at harmonics of the operation frequency, and to wanted emissions at the
operation freguency allocated outside a designated ISM band in the frequency range aboye
18 GHz.

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

Definition 1.15 of the ITU Radio Regulations reads as follows:

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

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

1 Scope

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

THis standard covers emission requirements related to radio-frequency (RF) disturbances|in
th¢ frequency range of 9 kHz to 400 GHz. Measurements need only be.'‘performed [in
frgquency ranges where limits are specified in Clause 6.

Fdr ISM RF applications in the meaning of the definition found in the-lTU Radio Regulatiohs
(s¢e Definition 3.13), this standard covers emission requirements related to radio-frequency
disturbances in the frequency range of 9 kHz to 18 GHz.

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

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

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

2 [ Normative references

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

CISPR 16-1-1:20404 Specification for radio disturbance and immunity measuring apparatus
arld methods <£)Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring

ap
Cl

Cl

an
de

paratus
SPR 16<1-1:2010/AMD 1:2010
SPR d6-1-1:2010/AMD 2:2014

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

vices 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

an
Cl

1

d test sites for radiated disturbance measurements
SPR 16-1-4:2010/AMD 1:2012

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

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

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

IEC 60601-1-2:2014, Medical electrical equipment — Part 1-2: Generahrequirements for bagic
saffety and essential performance — Collateral standard: Electfomagnetic disturbances| —
Requirements and tests

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

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

IEC 61307:2011, Industrial microwave (hheating installations — Test methods for the
deitermination of power output

IEC 62135-2:2007, Resistance welding equipment — Part 2: Electromagnetic compatibility
(EMC) requirements
ITU Radio Regulations (2012), Radio regulations, @ Volume 3 —  Resolutions apd

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

3 | Terms and\definitions

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

3.
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

vol

pr
or

ar
D¢
ar
wh
thq

po
an

No
al

P

.6
.c. artificial network

¥
.€. power port

tages, and the Delta-network which couples the symmetric and the asymmetric voltages separately.

aginary straight line periphery describing a simple geometric configuration encempassi
b equipment under test

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

mponent
bduct which serves a specific function or functions and which is intended for use in a high
ler assembled equipment or system

tificial d.c. network

C-AN

ificial network that provides defined termination*to the EUT’s d.c. power port under te
ile also providing the necessary decouplingsfrom conducted disturbances originating frg
p laboratory d.c. power source or from thel@ad

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

e 1 to entry: Such a systepr may be for example a photovoltaic or a fuel cell power generating system, or a
attery.

3.
el
E

all

g

ctro-discharge‘machining (EDM) equipment

M equipment

the necessary units for the spark erosion process including the machine tool, t
nerator,‘control circuits, the working fluid container and integral devices

er

st
m

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

2)

Note 1 to entry:

source into space

energy transferred through space in the form of electromagnetic waves

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

By extension, the term "electromagnetic radiation" sometimes also covers induction phenomena.
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3.10

equipment for resistance welding and allied processes

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

3.11

grid connected power converter
GCPC

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

3.12

high power electronic system and equipment
onfe or more semiconductor power converters with a combined rated power\greater than
79 kVA, or an equipment containing such converters

Note 1 to entry: Examples of such high power electronic equipment are semicondu€tor power converters [for
application in UPS (Uninterruptible Power Systems) and PDS (Power Drive Systems),

3.13
industrial, scientific and medical (ISM) applications (of radio-frequency energy)
ISE{VI 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

Note 1 to entry: Typical applications are the productionyéf*>physical, biological, or chemical effects such |as
hegting, ionisation of gases, mechanical vibrations, hair removal, acceleration of charged particles. A n¢n-
exhaustive list of examples is given in Annex A.

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

3.14

ISM RF equipment and appliances
eq(ljuipment or appliances designed to generate and/or use locally radio-frequency energy for
industrial, scientific, medicak. domestic or similar purposes, excluding applications in the figld
of |telecommunications and-information technology and other applications covered by otHer
CISPR publications

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

3.15

low voltage
LV
a get’of voltage levels used for the distribution of electricity and whose upper limit is generally
acicepted to be 1 000 V a.c. or 1 500 V d.c. 61

[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

sp

ark 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

to
co

3.
ty
te
SP

No|
H.t

4

Ce

bl electrode and the work piece electrode), and where the energy In the discharge|is
ntrolled

9

be test
5t of one or more devices made to a certain design to show that the design imeets certa
ecifications

n

e 1 to entry: Recognition of a type test as type approval may depend on natiopal<or regional regulation, gee
in Annex H.

Frequencies designated for ISM use

rtain frequencies are designated by the International“Telecommunication Union (ITU) for

use as fundamental frequencies for ISM RF applications (see also Definition 3.13). These

frd

NG
ap

quencies are listed in Table 1.

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

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

Number of appropriatg
Centre frequency Frequency range Maximum radiation footnote to the table of
limit b frequency allocation off
MHz MHz the ITU Radio
Regulations 2
6,780 6,765 — 6,795 Under consideration 5.138
13,560 13,553 — 13,567 Unrestricted 5.150
27,120 26,957 — 27,283 Unrestricted 5.150
40,680 40,66 — 40,70 Unrestricted 5.150
433,920 433,05 - 434,79 Under consideration 5.138 in Region 1, except
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 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

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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Classification of equipment

5.1 Separation into groups

15

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.

G1
in

loq
trg

energy.

NG
5.]

In

standard defines two classes of equipment, namely class A and Class B.

Cl
re
wh

Cl

Ar]
st

Cl
in

buildings used for domestic purposes.

oup 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency energy
the frequency range 9 kHz to 400 GHz is intentionally generated and used or oplyused
ally, in the form of electromagnetic radiation, inductive and/or capacitive coupling,-for the

atment of material, for inspection/analysis purposes, or for transfer of electromagne

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

p Division into classes

ic

accordance with the intended use of equipment in the electromagnetic environment, this

nss A equipment is equipment suitable for use in all lo€ations other than those allocated
sidential environments and those directly connected to.a low voltage power supply netwg
ich supplies buildings used for domestic purposes.

hss A equipment shall meet class A limits.

c welding equipment which contains arcstriking or stabilizing devices and stand-alone &
iking or stabilizing devices for arc welding shall be classified as class A equipment.

nss B equipment is equipment sujtable for use in locations in residential environments a

in
rk

establishments directly connected to a low voltage power supply network which supplies

Class B equipment shalkmeéet class B limits.

5.3 Documentation for the user

THe manufactutér and/or supplier of equipment shall ensure that the user is informed abqut
the class¢and group of the equipment, either by labelling or by the accompanying
ddcumentation. In both cases the manufacturer/supplier shall explain the meaning of both the
class and-the group in the documentation accompanying the equipment.

The documentation accompanying the equipment shall contain defails 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:

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

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

Fdr measurements at standardized test sites, the requirements specified hereafter constitlte
th¢ requirements for type tests.

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

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

n

Class B equipment shall be measured on a test site.

NQTE 2 The limits have been determined on a probabilistic basis taking into account the likelihood | of
interference. In cases of interference, additional provisions may have to befapplied.

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

6.2 Group 1 equipment measured on a test'site
6.2.1 Limits for conducted disturbances
6.2.1.1 General

THe equipment under test shall meet either:

a7
1

a)| both the average limit spegified for measurements with an average detector and the qua
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 'V d.c. power port specified hereafter apply only to grid connected power
convertors (GCRCS) intended for assembly into photovoltaic power generating systems.

6.2.1.2 Erequency range 9 kHz to 150 kHz

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

6.2.1.3 Frequency range 150 kHz to 30 MHz

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

Limits for conducted disturbances at low voltage d.c. power ports in the frequency range
150 kHz to 30 MHz for equipment measured on a test site using the 150 Q CISPR network
(DC-AN) (see 7.3.2.3 and Annex |) or the current probe (see CISPR 16-1-2) are given in
Table 3 and 5.
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- 18 —

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

CISPR 11:2015 © IEC 2015

Rated power of Rated power of High power electronic
<20 kVA ¢ >20 kVAand < 75 kVA 2 € systems and equipment,
Rated power of
Frequency range > 75 KVA b ¢
MHz - - -
Quasi-peak Average Quasi-peak Average Quasi-peak Average
dB(nV) dB(nV) dB(uV) dB(uV) dB(uV) dB(uV)
0.15 — 0,50 79 66 100 90 130 120
0,50 -5 73 60 86 76 125 115
90 80
5_30 73 60 decr_easmg linearly with 115 105
logarithm of frequency to
73 60

Af{ the transition frequency, the more stringent limit shall apply.

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

35T

NDTE A rated input or output power of 20 kVA corresponds for example to @)current of approximately 29 A per
phase in case of 400 V three-phase power supply networks, and to a curfent of approximately 58 A per phase[in
cgse of 200 V three phase power supply networks.

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

These limits apply only to high power electronig, systems and equipment with a rated power greater than
75 kVA when intended to be installed as follows;

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

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

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

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

Rated power of Rated power of Rated power of
<20 kVA 2 > 20 kVA to < 75 kVA & P > 75 kVA & P

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

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

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

a8 | Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.

b] These limits apply to equipment with a rated power > 20 kVA and intended to be installed in a large
photovoltaic power generating system by a professional. In the manual accompanying the product, the
manufacturer, and/or supplier shall provide information on mitigation measures that can be used to reduge
emissions from the installed equipment, with the goal of preventing hafmful interference to radio reception |in
a distance of 30 m from the installation. In particular it shall be indicated that this equipment can be equipp¢d
with additional filtering and that installation is physically separatedifrom residential environments by distang¢e
greater than 30 m. The installer is invited to check the mitigated installation against CISPR 11 in-situ
measurements as indicated in clause 6.4 of this standard.

Table 4 — Disturbance voltage limits for class B group 1 equipment
measured on a test site (a.c. mains power port)
Frequency range Quasi-peak Average
MHz dB(uV) dB(nV)
66 56
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
56
0,50 -5 56 46
5-30 60 50
Al the transition ffeguency, the more stringent limit shall apply.
Fgr djagnostic X-ray generators operating in intermittent mode the quasi-peak limits |of
Tgble 2 or Table 4 can be relaxed by 20 dB.
Table 5 — Disturbance voltage limits for class B group 1 equipment
measured on a test site (d.c. power port)
Frequency range Quasi-peak Average
MHz dB(nV) dB(nV)
84 74
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
74 64
0,50 — 30 74 64
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Limits of electromagnetic radiation disturbance

General

15

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

6.2.2.2

In

6.]

In

In
of

Th

gr

n

O
30
10

€q

Re

Frequency range 9 kHz to 150 kHz

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

r.2.9 Frequency range 150 KHz to 1 GHz

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

the frequency range above 30 MHz the limits refer to the electric field strength, compons
the electromagnetic radiation disturbance.

e electromagnetic radiation disturbance limits for the frequency range{30 MHz to 1 GHz
bup 1, classes A and B equipment are specified in Table 6@and 7, respective
commendations for the protection of specific safety-related radio services are giv
Annex E and Table E.1.

a test site, class A equipment can be measured at amnominal distance of 3 m, 10 m
m (see information in Table 6), and class B equipmebt ‘at a nominal distance of 3 m,
m (see information in Table 7). A measuring distance less than 10 m is allowed only 1
uipment which complies with the definition for smalksize equipment given in 3.17.

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

nt

or

ly.
en

or
or
or

b

10 m measuring distance 3 m measuring distance

rated power of rated power of

requency range

MHz

<20kVA®C

>20 kVA & ©

<20kVA®C

>20 kVA & ©

Quasi-peak

dB(u{/m)

Quasi-peak

dB(uV/m)

Quasi-peak

dB(uV/m)

Quasi-peak

dB(uV/m)

30 - 230
230 -1 000

40
47

50
50

50
57

60
60

On
mg
us

At

a test site, class/A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. In case of
asurements at & Separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall be
bd to normalize'the measured data to the specified distance for determining compliance.

the transifion frequency, the more stringent limit shall apply.

These’limits apply to equipment with a rated power of > 20 kVA and intended to be used at locations whg
thére is a distance greater than 30 m between the equipment and third party sensitive radio communicatio

re
hs.
at

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

locations where the separation distance to third party sensitive radio services is > 30 m. If these conditions are

not met, then the limits for < 20 kVA apply.
The 3 m separation distance applies only to small size equipment meeting the size criterion defined in 3.17.

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

10 m measuring distance 3 m measuring distance 2
Frequency range
Quasi-peak Quasi-peak
MHz
dB(uV/m) dB(uV/m)
30 - 230 30 40
230 -1 000 37 47

At

4 + aib ! [ H £ b Ao H ot £ 10
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the transition frequency, the more stringent limit shall apply.

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

Fdr medical electrical equipment intended to be permanently installed in shielded locatior

fu
in

THe equipment under test shall meet either:

a)

b)
6.

In

6.

Li
ra

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

.3.1.1 General

ther provisions with regard to the measurement arrangement and load conditions are fou
IEC 60601-1-2.

2.2.4 Frequency range 1 GHz to 18 GHz

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

2.2.5 Frequency range 18 GHz to 400 GHz

the frequency range 18 GHz to 400 GHz limits are_net specified.

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

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

the frequentcyrange 9 kHz to 150 kHz limits are not specified.

3.1.3 Frequency range 150 kHz to 30 MHz

Sy
nd

U7
1

rj:its for the disturbance voltage at low voltage a.c. mains power ports in the frequen

cy
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
where no limits apply.

For electric welding equipment the limits of Table 8 or 9 apply in active mode of operation. In

st

and-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
0,50 - 5 86 76 125 115
90 80
5_130 decreasing Ifirnezauréﬁzv;tthologarithm of 115 105
73 60

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

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

equipment with a rated power > 75 kVA may be applied.

o

reduce emissions from the installed equipment.

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

The manufacturer and/or supplier shall provide information on installation/measures that can be used [0

N

phase in case of 400 V three phase power supply networks and te“a current of approximately 216 A per phasg
cage of 200 V three phase power supply networks.

9
e

a

m

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

roup 1 equipment, in stand-by mode ofi<operation. For high-frequency (HF) surgiq
zuipment operating at frequencies outside designated ISM bands (see Table 1), these lim

o apply at the operating frequency and-inside the designated frequency bands. The relat
asurements shall be performed in a;test arrangement in accordance with IEC 60601-2-2.

Table 9 — Disturbance voltage limits for class B group 2 equipment
measured on a test site (a.c. mains power port)

QTE A rated input or output power of 75 kVA corresponds for,example to a current of approximately 108 A per

in

or
al
its
2d

Frequency range Quasi-peak Average

MHz dB(nV) dB(nV)
66 56

Decreasing linearly with logarithm Decreasing linearly with logarithnj
0,15.~0,50
of frequency to of frequency to
56 46
0,50 -5 56 46
5-30 60 50
Atthretramsitiom frequerncy, themorestrimgent it statappty:

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, rjot
exempted according to Table 1 Footnote b).

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

Fdr 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 are“welding equipment the
limits of Table 7 apply in active mode of operation and in stand-by _(or idle) mode.

Fdr class A EDM equipment the limits of Table 11 apply.

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

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

Recommendations for the protectionoof specific safety services are given in Annex E apd
Tgble E.1.

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

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

Limits for a measuring distance D in m
On a test site D =30 m On a test site D =10 m On a test site D=3 m
Frequency from the equipment from the equipment from the equipment 2
range Electric field | Magnetic | Electric field | Magnetic | Electric field | Magnetic
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 - l!'geﬁrr.'%r"nv'ihf
frequency to
28,5
11 -20 - 8,5 - 18,5 - 28,5
20 - 30 - -1,5 - 8,5 - 18,5
30 - 47 58 - 68 - 78 -
47 — 53,91 40 - 50 - 60 -
53,91 — 54,56 40 - 50 - 60 -
54,56 — 68 40 - 50 - 60 -
68 — 80,872 53 - 63 - 73 -
80,872 — 81,848 68 - 78 - 88 -
81,848 — 87 53 = 63 - 73 -
87 — 134,786 50 - 60 - 70 -
134,786 — 136,414 60 - 70 - 80 -
136,414 — 156 50 - 60 - 70 -
156 — 174 64 - 74 - 84 -
174 — 188,7 40 - 50 - 60 -
188,7 — 190,979 50 - 60 - 70 -
190,979 =230 40 - 50 - 60 -
230 =400 50 - 60 - 70 -
400'- 470 53 - 63 - 73 -
470 — 1000 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(uV/m) dB(uV/m)
80 90
ImY Loacinc-lin el aanth laooo it oo £ ImY Laacitc-lin el aanth laooo it oo £
30_230 i M Al BLLLLA LD ARALLLLELA A" AL LLLLLE ) i HAh AL BLLLEA LD ARALLLLELAA" AL LLLLLEA A
frequency to frequency to
60 70
230 - 1 000 60 70
Jn a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m.n.case of
nmeasurements at a separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall be

[

5ed to normalize the measured data to the specified distance for determining compliance.

28] 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
Frequency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | Quasi-peak | Average 2 Quasi-peak

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

39
: - - - | Dpgreasing ineary win e

3
30 - 80,872 30 25 40 35 -

0,872 — 81,848 50 45 60 55 -
81,848 — 134,786 30 25 40 35 -
184,786 — 136,414 50 45 60 55 -

136,414 — 230 30 25 40 35 -

230 - 1 00@ 37 32 47 42 -

Op a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m. In the frequency rangs
3(Q MHz to\1"GHz, a measuring distance less than 10 m is allowed only for equipment which complies with the
définition/given in 3.17.

A{ the/transition frequency, the more stringent limit should apply.

a8 The average limits apply to magnetron driven equipment and microwave ovens only. If magnetron driven
equipment or microwave ovens exceed the quasi-peak limit at certain frequencies, then the measurement
shall be repeated at these frequencies with the average detector and the average limits specified in this table

apply.

In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.

6.3.2.4 Frequency range 1 GHz to 18 GHz

The limits in the frequency range 1 GHz to 18 GHz apply only to group 2 equipment operating
at frequencies above 400 MHz. The limits specified in the Tables 13 to 15 apply only to
RF disturbances appearing outside designated ISM bands as listed in Table 1.
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The electromagnetic radiation disturbance limits for the frequency range 1 GHz to 18 GHz are
specified in Tables 13 to 15. The equipment shall meet either the limits of Table 13, or at least
the limits of Table 14 or Table 15 (see decision tree in 9.4.1, Figure 12).

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

For microwave-powered UV irradiators, the limits specified in Table 13 apply.

ataectiaon f oo
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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
Wlithin harmonic frequency bands 82+@ 70
Oltside harmonic frequency 70 70
b3dnds
11,7 -12,7 730 73°b

P¢ak measurements with a resolution bandwidth of 1 MHz andca,video signal bandwidth (VBW) higher than or
equal to 1 MHz. The recommended VBW is 3 MHz.

P4

DTE In this table, “harmonic frequency bands” means. the frequency bands which are multiples of the ISM
4dnds allocated above 1 GHz.

o

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

o

In the satellite radio broadcasting band; the*'measured disturbance values shall not exceed 73 dB(uV/m).
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Table 14 — Electromagnetic radiation disturbance weighted limits for
group 2 equipment operating at frequencies above 400 MHz

Frequency range Limits for a measuring distance of 3 m
Peak
GHz dB(uV/m)
1-24 60
2,5-5,725 60
5,875 - 18 60

Af
Sl

*

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

respective sub-range.

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

Hz.

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

1 005 MHz — 2 395 MHz (1 000 MHz — 2 400 MHz)*;
2 505 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
6 125 MHz - 8 575 MHz;
8 575 MHz - 11 025 MHz;
11 025 MHz — 13 475 MHz;
13 475 MHz — 15 925 MHz;
15 925 MHz - 17 995 MHz*.
sub-ranges where the limit of Table 13 was exceeded, a weighted\measurement shall be performed with a

an of 10 MHz around the centre frequency adjusted to the frequency of the highest disturbance level in the

In cases where the frequency of highest emission duringvpeak measurement is found closer than 5 MHz frg
the frequency edges 1 GHz, 2,4 GHz, 2,5 GHz, 5;72 GHz, 5,88 GHz or 18 GHz, the span for weight
measurements shall remain 10 MHz but in such\¢€ase the centre frequency shall be adjusted so that t
frequency edges are not exceeded.

bd

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

PD- measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth higher than or equal

= >

MHz.

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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6.4.2 Limits of electromagnetic radiation disturbance

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

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

Limits with measuring distance 30 m from the outer face of the
exterior wall of the building in which the equipment is situated
Trequency-range Electric field Magnetic field
MHz Quasi-peak Quasi-peak ?
dB(uV/m) dB(nA/m)
0,15 - 0,49 - 13,5
0,49 - 3,95 - 3,5
3,95 -20 - ~11,5
20 - 30 - -21,5
30 - 230 30 -
230 - 1000 37 -

Al 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
inperse proportionality factor of 20 dB per decade shall be used to normalize the measured data to the specified
diptance for determining compliance.

These limits apply in addition to the limits in the frequency,range 30 MHz to 1 GHz to radiated disturbances
originating from the operation frequency and its harmanics appearing in the frequency range 150 kHz fo
30 MHz, caused by the installed class A group 1 equipment with a rated power exceeding 20 kVA. In the
event that the ambient noise level exceeds the above limits, the emissions of the EUT shall not increase this
noise floor by more than 3 dB.
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Table 17 — Electromagnetic radiation disturbance limits for
class A group 2 equipment measured in situ

Limits for a measuring distance of D in m
Frequency from the exterior wall of the building
range Electric field Magnetic field
MHz Quasi-peak Quasi-peak
dB(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 A
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 -
Af{ the transition frequency,. the more stringent limit shall apply.
Fgr group 2 equipment measured in situ, the measuring distance D from the exterior wall|of
th¢ buildingin which the equipment is situated equals (30 + x/a) m or 100 m whichever|is
smaller, provided that the measuring distance D is within the boundary of the premises. In the
calse Avhere the calculated distance D is beyond the boundary of the premises, the measuripg
digtance 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.

R irements which relate to m rements at h test sit re t test r irements. A
tyie test may be recognized as type approval if the conditions for the statistical assessment
of/measurement results according to Annex H are observed.

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

Specific requirements for making measurements on a test site are given~in Clauses 8 and|9,
for making measurements in situ in Clause 10.

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

Me¢asurements need only be performed in frequency ranges where limits are specified
Clause 6.

n

Cgmponents or subassemblies for higher order eqliipment or systems which are intended |to
bel assembled at their respective place of operation only can also be tested according to the
requirements of this standard. For testing purposes in the framework of this standard, sugh
components or subassemblies shall be regarded as stand-alone equipment. Components |or
supassemblies for which compliance withythe relevant requirements cannot be shown whgn
measured at a test site can also be assessed in situ when being installed into the higher order
syptem, in which case the provisions.0of 6.4 shall apply.

NQTE 1 The environments encompassed in this standard are residential, commercial or industrial environmepts
as|described in IEC 61000-2-5 [11]2-Adherence of equipment to the requirements of this standard will allow for|its
opgration and use in these enviranments without resulting in an increased risk of RFI. There may also exist other
IEC product standards which allow for compliance testing of components or subassemblies of higher order systems
bu{ which encompass other@nyvironments 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
mgnufacturer.

NQTE 2 Examples for such components include, but are not limited to power converters used for distribufed
geheration andsupply of electric energy into LV a.c. mains networks or installations or, by means of their own
dedlicated transformer, into MV power distribution networks, but also power electric subassemblies intended [for
supply of higher order systems with power from LV a.c. mains networks.

7.2 Ambient noise

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

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.


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

Cl

SPR 11:2015 © IEC 2015 -31-

not exceed the specified limit. Under these conditions the equipment under test is considered

to

satisfy the specified limit.

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

If,)when measuring radiated RF disturbances, the 6 dB ambient noise conditions cafnot
met, then the antenna may be located at a distance closer to the equipment under._test th
splecified in Clause 6 (see 8.3.4). Further advice on measurement conditions if_‘presence
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h level ambient noise is found in Annex C.

.3  Measuring equipment

B.1 Measuring instruments

ceivers with quasi-peak detectors shall be in accordance with CISPR 16-1-1. Receivs
h average detectors shall be in accordance with CISPR 1654-1.

TE 1 Both detectors can be incorporated in a single receiversand measurements carried out by alternat]
ng the quasi-peak detector and the average detector.

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

e measuring receiver used shall be operated in such a way that a variation in frequency
b disturbance being measured does notaffect the results.

TE 3 Measuring instruments having Other detector characteristics can be used provided the measurement
disturbance values can be proved to be the same. Attention is drawn to the convenience of using a panorar
eiver or a spectrum analyzer, particularly if the working frequency of the equipment under test chang

be
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appreciably during the work cycle,

Td avoid the possibility of'the measuring instrument incorrectly indicating non-compliance w
the limits, the measuring receiver shall not be tuned closer to the edge of one of the ban
designated for ISM-'use than the frequency at which its 6 dB bandwidth point aligns with t
edge of the designated band.

When making' measurements on high power equipment, care should be taken to ensure th
screening—and the spurious response rejection characteristics of the measuring receiver 3
adequate:

Formeasurements at frequencies above 1 GHZ, a spectrum analyser with characteristics
defined in CISPR 16-1-1 shall be used.

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

7.3.2 Artificial network (AN)

7.3.2.1 General

as

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

no

ise on the respective a.c. or d.c. power lines.
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7.3.2.2 Artificial mains network (AMN)

15

Measurement of the disturbance voltage at low voltage a.c. mains power ports shall be made

us

ing 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

st
at

7.

TH
ca
e

an
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Cl

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

3.3 Voltage probe

e voltage probe shown in Figure 1 shall be used when the artificial mains network (V-AM

not be used. The probe is connected sequentially between each line and’ the referen
rth chosen (metal plate, metal tube). The probe consists mainly of a decoupling capaci
d a resistor such that the total resistance between the line and earth\is at least 1 500
e effect on the accuracy of measurement of the capacitor or any other device which may
ed to protect the measuring receiver against dangerous currents)shall be either less th
I1B or allowed for in calibration. The voltage probe shall meet.the requirements specified
SPR 16-1-2:2014, Clause 5.

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

IEC

Its

N)
ce
or
Q.
be
an
n

Figure 1 — Circuit for disturbance voltage measurements on mains supply

7.3.4 Antennas

7.3.41 Frequency range below 30 MHz

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

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

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

For_measurements in situ _the centre of the antenna shall be fixed at (2,0 +0,2) m height
above the ground.

NQTE Other antennas can be used provided the results can be shown to be within +2 dB of the results whjch
wopld have been obtained using a balanced dipole antenna.

7.3.4.3 Frequency range above 1 GHz

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

7.3.5 Artificial hand

Injorder to simulate the influence of the user’s hand, application of the artificial hand|is

required for hand-held equipment during the mains disturbance voltage measurement.

THe artificial hand consists of metal foil which is connected to one terminal (terminal M) of gn
RC element consisting of a capacitor of 220 pk>,+ 20 % in series with a resistance |of
510 Q + 10 % (see Figure 2); the other terminal of-the RC element shall be connected to the
reference ground of the measuring system (see CISPR 16-1-2). The RC element of the
arfificial hand may be incorporated in the housihng of the artificial mains network.

M

220 pF + 20 %

? 510Q+10 %
= IE

Figure 2 — Artificial hand, RC element

c

7.4 <Frequency measurement

F 1 Uqu;plllcllt Vvh;bh ;D ;Iltclldcd tU upclatc vvith d fullddlllclltd: fquuUllby ;II UTIT Uf t e
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
infer i 5. i 5.3) whi Withi st
volume of 1,2 m diameter times 1,5 m height above ground. Peripheral equipment not fitting
info the test volume shall be excluded from the measurements or decoupled from{the test
environment.

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

x
N
]

w

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.
\ @

B: Spacing between

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

Antenna referenge
point

the enclosures D Cable bundles should be arranged
should be 20,1 m |‘" in the.middle of the cable.
Peripheral I
Pefripheral only 2] EUT1 EUT2
!n est volume . / N D Sections of interconnecting cables
if fable Z > hanging over the table are spaced at
capinot be NG / a distance of 0,4 m above the ground
extended to 1
plane.
rup out of test /
vojume (e.g.
peripheral 2).
Test volume for
small-equipment
B L: (3,001 m
(1,201 m

A
A4

L = measuring distance

Figure 3a — Top view
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(1,2£0,1)m

: and 40 cm
Cable bundles are | inlength.
arranged in the middle I \
of the cable. :
|

| B: excess cable length
bundle between 30 cm

>

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

EUT2

reference
point

| L:(3,0x0,1) m % Antenna
b )s |

L = measuring distance

Ap

|
| | cables leaving the test'volume

CMAD: common-mode
absorption device

£ Peripheral : C
= 2 /1T i
s [y I ]
+l T T |
0 | 0
s | !
I i i
Pdripheral only in test e : 4__/{/ {
vdlume if cable = i |
cannot be extended to S : ! |
ruh out of test volume o i g L |
(elg. peripheral 2). ;' : : To i Mains |
S| peripheral 1i cable ) |
i |
: i | CMAD:l g |
i

Ar
m¢
ex
Cl

SPR 16-2-3 and CISPR 16-2-1.

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

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

oSitioniny tabie |
/accordance CISPR 16-1-

.

or
er
in
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N -
‘\t——Typlcal spacing
N

AE

I
- 23 ~ ' e
+0,02
To power ,,lm |
ﬁf > N

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

interconnecting cablg:

w

THe configuration of the equipment under. test shall be precisely documented in the tgst
report.

7.5.2 Interconnecting cables

THis subclause applies to equipment in which there are interconnecting cables betwepn

in

NG

to p number of system canfigurations using the same types of equipment and cables as tested, but no other, eg

SYS

Int

requirements\’Itf the length can be varied, the length shall be selected to produce maximd
enpission_when performing field strength measurements.

vatlrious parts of the equipment, or systems where a number of components 4
erconnected.

If shielded o
+

TE 1 The observation af all provisions in this subclause permits the application of the results of an evaluat|

tem configuration b€ingin effect a subsystem of the one evaluated.

erconnecting’cables shall be of the type and length specified in the individual equipme

r special cables are used during the tests then the use of such cables shall
hao H n

S

cifiod in
CTTc T L

on
ch

nt

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
rsons. Examples are signal generators, network and logic analysers, and spectrum

pe
an

alysers.

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

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

If a given type of equipment can perform separately any one of a number of functions then the
equipment shall be tested while performing each of these functions. For systems which may
in¢lude a number of different components, one of each type of component which is included|in
the¢ system configuration shall be included in the evaluation.

A |system which contains a number of identical components, but has been evaluated usipng
orﬂy one of those components, does not require further evaluation if the initial @valuation was
satisfactory.

NQTE 2 This is possible because it has been found that in practice emissions fromyidentical modules are pot
addlitive.

When equipment is being evaluated which interacts with other equipment to form a system
theén the evaluation may be carried out using either additional equipment to represent the total
sygtem or with the use of simulators. In either method care-shall be taken to ensure that the
e].uipment under test is evaluated with the effects of the\rest of the system or simulatqrs

satisfying the ambient noise conditions specified in 7.2. Any simulator used in lieu of actyal
equipment shall properly represent the electricalesand in some cases the mechanigal
chiaracteristics of the interface, especially with @espect to radio-frequency signals apd
impedances, as well as cable configuration and types.

NQTE 3 This procedure is required to facilitate the &valuation of equipment which will be combined with other
eqtipment from different manufacturers to form a system.

7.9.3 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 shgll
be provided through the-artificial mains network (AMN) specified in 7.3.2.2.

Fdr 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 sitg¢'s
electricity-siipply network shall be made with that cable type.

Mapins power at the nominal voltage shall be supplied.

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

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

Where a flexible mains cord is provided by the manufacturer this shall be 1 m long or, if in
excess of 1 m, the excess cable shall be folded to and forth to form a bundle not exceeding
0,4 m in length.
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Where a mains cable is specified in the manufacturer's installation instructions a 1 m length
of the type specified shall be connected between the test unit and the AMN.

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

Other earth connections (e.g. for EMC purposes) either specified or supplied by the
manufacturer for connection to the same terminal as the safety earth connection shall also pbe
connected to the reference earth of the AMN.

Ancillary low voltage a.c. mains ports shall be connected to the laboratory a.c. mains netwqrk
vig 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 havipg
its own power cord, the point of connection for the AMN is determined from the following
rules:

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

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

c)| mains cables or terminals which are specified by-the manufacturer to be connected [to
another unit in the system for the purposes of .supplying mains power shall be connected
to that unit, and the mains cables or terminals‘of that unit are connected to the AMN;

d)| where a special connection is specified, the necessary hardware to effect the connectipn
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

Cannection to the laboratory's,electricity supply network may be provided with or without the
use of an AMN allocated -inside the test environment, see Figure 4. For measuremgnt
arfangements not including~an AMN, grounding and earthing of the EUT shall be guarantegd
byl adherence to the principles set out in 7.5.3.1.2 as far as possible.

If the measurementsarrangement does not include an AMN, then excessive lengths of mains
caples do not_heed to be bundled and allocated inside the test volume. They may pe
accommodated{someplace outside the test volume or test environment. For decoupling |of
ragiation from these excessive cable lengths it is however recommended to carefull:ly
terminate~these mains cables at the location where they leave the test volume. For this
deicoupling use of CMADs is recommended. For measurements with a separation distance|of
3 ||n 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

naitian thrauabhaout th 0 Hrara-ant
conditiens—threughout-the-measurement:

Cire should be taken when selecting the laboratory d.c. power source and installing it\in the
measurement arrangement. It is recommended to select and install only such a d.c{ power
source which provides for a good galvanic insulation and also sufficient RF decoupling of bath
d.¢c. power terminals from the laboratory reference ground plane. Internal) decouplihg
capacitors at the d.c. power source's terminals used for internal suppression ofvasymmetric¢al
disturbances may provide an unwanted bypass for the common mode 150 Q terminatipn
imlfedance of the DC-AN used for the measurements. This may cause saturation effects in the
mitigation filter of the power converter under test, in particular at the ,operation frequency (ile.
th¢ switching frequency) of the power converter and its harmonics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Saturated mitigation filters do howeVer
lead to incorrect and invalid measurement results, since the power converter is not operated
as| intended, during the measurements. For guidance on ‘prevention of saturation effegts
calused 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 installatipn
ingtructions, this shall be used during testing.

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

Where the equipment under test has'more than one d.c. power port of the same type, the
number of d.c. power ports needed to operate the equipment at its rated power shall pe
connected to the DC-AN for the measurements. All other d.c. power ports shall be terminatpd
with a suitable 150 Q common’ mode termination impedance. Multiple ports galvanically
connected in parallel (suchyas bus bars or strips for connection to multiple cables) dre
considered to represent one single port only.

NQTE 2 For these other<ierminations, any suitable device can be used. This includes e.g. use of further 150 Q
nefjworks according t6-CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q couplipg/
degoupling devices {CDN) as defined in IEC 61000-4-6.

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

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
andcapatteofabsorbimgthe ratedmaximmumroutput power of theequiprent:

THe two terminals of the dummy load shall be at opposite ends of the load and each<terminal
shiall be joined directly to a circular flat metal plate having a diameter of 170 mm’+10 mm.
Me¢asurements shall be made with each of the output cables and capacitive, electrodes
supplied with the equipment. The capacitive electrodes are to be disposed. parallel to the
cincular metal plates at the ends of the dummy load, the spacing between them being adjusted
to|produce the appropriate power dissipation in the dummy load.

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

IEC

E | = electrode arms and cables

= dummy load

Figure 5 — Disposition of medical (capacitive type) and dummy load

Me¢asurements shall’lbe made with the dummy load both horizontal and vertical (see Figure ).
In|each caseythe equipment, together with the output cables, capacitive electrodes apd
dummy load,\shall be rotated around its vertical axis during measurements of electromagnetic
ragiation distfurbance in order that the maximum value can be measured.

NQTE" ‘The following arrangement of lamps has been found suitable for testing many types of equipment in the
poyet range tested:

a) nominal output power 100 W to 300 W:

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

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

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

The container shall be placed within the coil with the axis of the container coincident with the
axis of the coil. The centres of the coil and the liquid load shall also coincide.
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Measurements shall be made at both maximum and half-maximum power and, where the
output circuit can be tuned, it shall be tuned to resonance with the fundamental frequency of
the equipment.

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

7.6.2.2 UHF and microwave therapeutic equipment using frequencies above 400 MHz

Measurements shall be made with the output circuit of the equipment connected to a non-
radiating resistive load having the same value as the characteristic impedance of the cable
used to supply the equipment load.

7.6.2.3 Ultrasonic therapy equipment

Megasurements shall be made with the transducer connected to the generator. ‘The transduder
shiall be dipped in a non-metallic container having a diameter of about 10’e¢m and filled wjth
distilled water.

Meg¢asurement shall be made at both maximum and half-maximgm.-"power and, where the
output circuit can be tuned, it shall be tuned to resonance~and then detuned. The
specifications in the operating manual of the equipment are to-be-considered.

It |s recommended to measure the maximum output of the equipment in accordance with the
method published in IEC 61689 or using a derived arrangement, if necessary.

.3 Industrial equipment

THe load used when industrial equipment is_tested may be either the load used in service |or
an equivalent device.

Where means for connecting auxiliar{services such as water, gas, air, etc. are provided,
connection of these services to thejequipment under test shall be made by insulating tubipg
ndt less than 3 m long. When testing with the load used in service, the electrodes and cables
shiall be disposed in the manner of their normal use. Measurements shall be made at b§h
maximum output power and)at half-maximum output power. Equipment which will normdlly
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’bé configured for a variety of loads or the load is not available, the load ps
specified in-[EC 61922 for induction heating and IEC 61308 for dielectric heating equipmgnt
may be used. Industrial resistance heating equipment shall be tested with or without the
chiarge sas specified by the manufacturer.

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

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

7.6.4 Scientific, laboratory and measuring equipment

Scientific equipment shall be tested under normal operating conditions. Laboratory and
measuring equipment shall be operated as intended. Any RF output ports shall be terminated
in a matching non-radiating load.
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7.6.5 Microwave cooking appliances

Microwave cooking appliances shall be operated with all normal components such as shelves
in place, and with a load of 1 | of tap water initially at 20 °C + 5 °C placed at the centre of the
load-carrying surface provided by the manufacturer.

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

be| varied as required to produce maximum power transfer, frequency.variation or harmonic
rafliation depending on the characteristics under examination.

7.6.7 Electric welding equipment

Fdgr arc welding equipment, the welding operation during thetest is simulated by loading the
equipment with a conventional load. Arc striking and stabilising devices shall be switched pn
during the emission measurements. The load conditiohs ‘and the test configuration for grc
welding equipment are specified in [IEC 60974-10.

Fdr resistance welding equipment, the welding operation during the test is simulated by shojt-
cirfcuiting the welding circuit. The load conditions and the test configuration for resistange
welding equipment are specified in IEC 62135-2.

THe start of the measurements according to this standard shall be delayed by up to 5 s after
the¢ welding equipment under test has been taken into operation.

7.6.8 ISM RF lighting equipment

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

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

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

7.6.10 Grid connected power converters
7.6.10.1 Connection to the laboratory a.c. mains or similar load

The power converter under test shall be connected to the laboratory a.c. mains network via
the artificial mains network (V-AMN) specified in 7.3.2.2, whenever possible. If such
connection is not possible or not intended, then the power converter under test can be
connected to an appropriate resistive load and the laboratory a.c. mains network in parallel,
via the artificial mains network (V-AMN) specified in 7.3.2.2.

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

Alternatively the a.c. supply power for the laboratory d.c. power source can be taken from the
a.c. output lines of the GCPC via the V-AMN without connecting the resistive load. The output
a.c. power of the GCPC will be used to contribute to the required d.c. input power for that
GCPC, thus the resistive load is not necessary in this case, see Figure J.1 in Annex J.

For suitable test site configurations, see Annex J.

7.15.10.2 Connection to another appropriate load

Fdr power converters intended to be supplied from a.c. power sources, the d.c. power port
unlder test shall be connected to a suitable resistive load or other adequate energy storage Yia
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.

NQTE An example of a type of GCPC intended to be supplied from an a.c. power seufCe is a power conveiter
intended for assembly into an off-board charging station for electric vehicles (EV).

7.1 Recording of test-site measurement results
7.71 General

Any results obtained from measurements of conducted and/or radiated radio-frequency
disturbances shall be recorded in the test report. 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 inc7:7.2 and 7.7.3 shall apply.

THe test report shall contain a statement underlining that the measurement instrumentatipn
uncertainty (MIU) was determined according to CISPR 16-4-2 and was also considered when
determining compliance with the limits for the tested individual equipment or the number |of
items in the sample of series-producedtequipment.

THe test report may include the numerical values of the MIU which the test laboratory hgs
determined for each test perfermed. If the uncertainty budgets specified in CISPR 16-4-2 dre
exiceeded, then the test report shall include the numerical values of the MIU of the tgst
ingtrumentation actually used.

7.7.2 Conducted ‘émissions

Of| those conducted emissions above (L — 20 dB), where L is the limit level in logarithmic
unlits, the record shall include at least the disturbance levels and the frequencies of the §ix
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 pprt
caried\the observed disturbance(s).

7.7.3 Radiated emissions

Of those radiated emissions above (L — 10 dB), where L is the limit level in logarithmic units,
the record shall include at least the disturbance levels and the frequencies of the six highest
disturbances in each observed frequency range. The record shall include the antenna
polarization, antenna height and turntable rotation position if applicable for each reported
disturbance. In case of test site measurements, the measurement distance actually selected
and used (see 6.2.2 and 6.3.2) shall also be recorded in the test report.
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8 Special provisions for test site measurements (9 kHz to 1 GHz)

8.1  Ground planes

A ground plane shall be used when making measurements on a test site. The relationship of
the equipment under test to the ground plane shall be equivalent to that occurring in use.
Except at the manufacturer's intended grounding locations, a floor standing EUT shall be
insulated from the ground plane by a dielectric material with thickness of up to 15 cm. Direct
connection to earth (i.e. to the ground plane) shall be done

a) elther according 1o the manuracturers nstructions,

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

A pround plane shall be used for radiation measurement and the measurement of disturbange

voltages. The requirements for the radiation test site are given in 8.3 and, for the grounhd
plane for the measurement of conducted disturbances, in 8.2.

8.2 Measurement of conducted disturbances

8.2.1 General

Fgr the EUT's earthing and grounding conditions as well\as connection to the laborator
electricity supply network see 7.5.3.

THe measurement of conducted disturbances shallche carried out using one of the following
three options:

a)| on the radiation test site with the equipment under test having the same configuration gs
used during the radiation measurement;

b)| above a metal ground plane which shall extend at least 0,5 m beyond the boundary of the
equipment under test and have aminimum size of 2 m x 2 m; or

c)| within a screened room. 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. Flo¢r-
standing test units shall"be placed on the ground plane, the point(s) of contact being insulated
frgm the ground plane but otherwise consistent with normal use. All test units shall be at least
0,8 m from any.o6ther metal surface.

THe reference ground terminals of the artificial networks (V-AMNs and DC-ANs) used duripg
thé¢ measurements shall be connected to the reference ground plane with a conductor as short
as| possible.

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

When the equipment under test is fitted with a special earthing terminal, this shall be
connected to earth with a lead as short as possible. 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.
maisports; seeatso CISPR—16=2=1;

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

Likewise, for measurements on power converters with a rated throughput power > 20 kVA] a
V-petwork (V-AMN) can be used as a voltage probe as specified-in-7.4.4.3 of CISPR 1612-
1:2014. The laboratory a.c. power source shall be connected to the-a.c. power port under tgst
via an inductance of 30 uH to 50 uH. The inductance may be tealized by a choke, a power
caple length of 50 m, or an isolation transformer. A suitablé measurement arrangement|is
shiown in Figure 8 and 9.

Campliance 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 disturbancevoltage at d.c. power ports
8.2.2.21 General

Megasurements at d.c. power portsionly need to be performed on GCPCs intended for
asjsembly 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.

NQTE The operating conditions, as defined by the manufacturer, are chosen to represent the worst cgse
enlissions.

Pgwer converters with a rated throughput power > 20 kVA shall be measured while they dgre
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 operatipn
range,

W herethe power converter is-inmtendedfor conmection to more thamone d-c.power stringand
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.

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

mpé

If
d.

thq

8.1
8.1
TH
de
is

pasurement is left to the discretion of the user of this standard.

he installation instructions accompanying the power converter contains information‘that the
L. power port is solely intended for connection to

a battery or other kind of local d.c. power source and/or;

if the power converter and a battery or other kind of local d.c. power source is intended for
incorporation in a higher order final equipment (comprising of one orMmore enclosures);

bn this port can be exempted from the measurement.

p.2.2.2 Measurement procedure 1
p.2.2.2.1 General

e DC-AN is used as standardized 150 Q common>mode termination of the EUT and pas
coupling network to the laboratory d.c. power sgurce. A typical measurement arrangement
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

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

n fwwarlk o DE novgar innait naet ohall ant bha tarminatad \ath A BN () racictiva laad Ac chaovan in
TV OTIGTto—T~ P oOW e T poutr P ot oo o T o et otC oyt o O U s T e oot Y oo o oo o Tt

Figure 7.

NQTE It is up to the operator of the laboratory to ensure that the measurement results obtain€d, with sych
measurement arrangements are not obstructed or invalidated by dominating disturbances from 'the” laboratpry
d.q. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power _source. But|be
awpre not to apply too heavy additional common mode capacitive loading to the EUT. Further guidance on suitaple
degoupling of the laboratory d.c. power source from the measuring arrangement can be found imAnnex K.

IN port
Plus (Open)
pole ©
. © © (e
GCPC under DC P
. EUT ower
test Minus port CDN AE port source
pole
L 4 9? O

EUT AE port
port DCG-AN (Open)

Measuring port

(Voltage probe) IEC

Figure 7 — Typical arrangement for measurement of conducted disturbances at
LV d.c. power ports with the DC-AN used as termination and voltage probe

8.2.2.2.3.2 Measurement of the common mode (CM) disturbance voltage

Megasurements 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.

8.2.22.3.3 Measurement of the common mode (CM) disturbance current

ThHe—Tommom mode disturbance current—atthe—dc—power tabteteadingto—thetaboratory
d.c. power source shall be measured using a current probe according to CISPR 16-1-2.

Care shall be taken in order not to alter the termination conditions of the EUT when
performing measurements with the current probe. The current probe shall be located a
maximum of 30 cm away from the DC-AN. The current probe shall also be in place when
performing measurements of the CM disturbance voltage. A suitable measurement
arrangement is shown in Figure 8 and 9.
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Ferrites/
AC mains Isolation v CMAD/

(grid) transformer AC output DC input|e—s ,_.‘%\jl
' GCPC—i +——
AMN ICurrent probe | DC-AN

| As a voltage probe 77;[7;

Isolation
transformer As a voltage probe
_@ DC power | —I
source | —”
777L7 Current flow
IEC

NQTE ‘x’ and ‘y’ denote the spacing between the current probe and the DC-AN, and the DC-AN and the ferfite

tuhe(s) / CMAD / CDN, respectively. Spacing x is < 0,3 m and y is 0,1 m.

Figure 8 — Typical arrangement for measurement of conducted
disturbances at LV d.c. power ports with the DC-AN used as voltage
probe and with a current probe <2D diagram

EUT
>20 kVA

The AMN is used as 0 8m
a voltage probe V7
AC output y'm
Isolation mat
Current
0.8 q/‘%probe

Terminal
box

The DC-AN is used
as a voltage probe

Terminal
box DC cable

Isolation
transformer

AC
mains,

(grid) A ‘i”i -{;BD ?:pflower supptly t
i, A el
e WAL

(optional) l\;\\?::,»)

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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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

ha

nd shall be applied in the following way.

The general principle in applying the artificial hand is that the metal foil shall be wrapped

ar
thq

bund all handles (one artificial hand per handle), both fixed and detachable, supplied w
b equipment.

Me¢talwork which is covered with paint or lacquer is considered as exposed metalwork a

sh

W
te

W
ar

W
ing

TH
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A

all be directly connected to the terminal M of the RC element.

hen the casing of the equipment is entirely of metal, no metal foil.is *needed, but t
minal M of the RC element shall be connected directly to the body ofthe equipment.

hen the casing of the equipment is of insulating material, a, metal foil shall be wrapp
bund the handles.

hen the casing of the equipment is partly metal and partly insulating materials, and h
ulating handles, a metal foil shall be wrapped around:the handles.

.3 Radiation test site for 9 kHz to 1 GHz

.3.1 General

e radiation test site shall be flat, free of overhead wires and nearby reflecting structure
ficiently large to permit adequate separation between the antenna, test unit and reflecti
uctures.

radiation test site which meets the criteria is within the perimeter of an ellipse having

major axis equal to twice thetdistance between the foci and a minor axis equal to the squa

ro
ar
on

bt of three times of this-distance. The equipment under test and the measuring equipmg
b placed at each of the foci respectively. The path length of any ray reflected from an obijg
the perimeter of this/radiation test site will be twice the length of the direct path lend

between the foci. This-radiation test site is depicted in Figure 10.
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Minor diameter = V3F

~
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Antenna

Boundary of area defined by
an ellipse. Volume above earth
‘\\to be free of reflecting objects.

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

Figure 10 — Test site

r the 10 m test site, the natural ground plane shall be~augmented with a ground plane
ptal which shall extend at least 1 m beyond the boundary: of the equipment under test at o
d and at least 1 m beyond the measurement antenna and its supporting structure at t
ner end (see Figure 11). The ground plane shall, have no voids or gaps other than a
rforations which do not exceed 0,1 A at 1 GHz (about 30 mm).

= (d + 2) m, whete

W= (a+ 1) m, where

Test unit

IEC

of
he
he

x
~
\
\

-
s
s
’
’

dis the maximum test unit dimension

a is the maximum dimension of the antenna

IEC

L |= measuring distance in metres
Figure 11 — Minimum size of metal ground plane
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. 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
cifcumstances of the measurement.

Fgr 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 higheast
recorded level of the electromagnetic radiation disturbance at each frequency shall pe
recorded.

Fdr equipment under test not located on a turntable the measuremént- antenna shall pe
pdsitioned at various points in azimuth for both horizontal and vertical polarization. Care shpll
be taken that measurements be taken in the directions of maximum™“radiation and the highest
leyel at each frequency be recorded.

NQTE At each azimuthal position of the measurement antenna the radiation test site requirements specified in

8.3.1 are met.
8.4  Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

Megasurements may be performed on radiation test sites which do not have the physigal
chiaracteristics described in 8.3. Evidence shall be obtained to show that such alternatiye
sites will yield valid results. An alternative radiation test site in the frequency range 30 MHz|to
1 GHz is acceptable if the horizontal and vertical site attenuation measurements made as ger
5.2.6 of CISPR 16-1-4:2010/AMD 1:2012.are within +4 dB of the theoretical site attenuatipn
as|given in Tables 1 or 2 of CISPR 16x4-4:2010/AMD 1:2012.

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

9 [ Radiation measurements: 1 GHz to 18 GHz

9. Test arrangement

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

9.2 Receiving antenna

The measurements shall be made with a directive antenna of small aperture capable of
making separate measurements of the vertical and horizontal components of the radiated
field. The height above the ground of the centre line of the antenna shall be the same as the
height of the approximate radiation centre of the equipment under test. The 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
Sild“ IUC IUi.ai.UUI. “. bild“ IUU dbbclidillcu‘ i.ild'l, Wilb‘ll i.ilU cquipmclll LIIIUICI ‘LCbi. ib bWi‘Lb;lCU‘ Lff,
the level of background noise is at least 10 dB below the reference limit, since otherwiselthe
reading may be significantly affected.

A flow chart showing the measurement procedure is shown in Figure 12.

Preliminary peak measurement (9.4.3)
(20 s, every 30 °)

!

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

Peak < Table 13
limits?

Peak < Table 13
limit ?

11,7 to 12,7 GHz, l
Final APD weighting (9.4.4.2.3)
(Table 15)
Choice of the user of the standard at two spot frequencies £,
and f; + 5 MHz
l where Peak > Table 13 limits

Final Log-AV weighting (9.4.4.2.2)
(Table 14, VBW 5.10z)
at frequericies
where Peak ><Table 13 limits

Yes 10" Value
<Table15

limits?

Peak < Table 14
limits?

| Fail | I Pass | | Fail I

IEC

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

9.4.2 Operating conditions of the EUT

For microwave ovens, a warm-up period of at least 5 min shall be performed before the
measurement.

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

During the measurements, the microwave oven under test is operated at maximum microwave
power setting.

Some microwave ovens automatically turn to an intermittent operation mode if operated for a
long time at their highest microwave power setting. In such cases the measurement shall be
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stopped for a while to allow cooling down until the microwave oven is able to operate at its
max power setting without intermittence.

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

9.4.3 Preliminary measurement

The preliminary measurement comprises of a series of measurements with the peak detector.
Peak measurements in the frequency range above 1 GHz (see Table 13) shall be the result of
a}naximum hold measurement with the spectrum analyzer. The purpose of the prelimingry

measurement is to identify the position (azimuth) of the EUT in relation to the measuripg
antenna which results in maximum emissions for each frequency identified.

Tq find the direction of the maximum emission, peak measurements in the range‘above 1 GHz
shiall 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 cagse
of[microwave ovens). At each of these 12 positions, a measurement in{maximum-hold moge
shiall 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 perforned.

9.4.4 Final measurement
9.4.4.1 Peak measurement

Pgak measurements shall be performed over the whole frequency range 1 GHz to 2,4 GHz
and 2,5 GHz to 18 GHz with the EUT positioned as identified during the prelimingry
measurement. At this azimuth position, a maximum "hold measurement for a period of at legst
2 min shall be made for both polarizations, ife. with the antenna oriented successively [in
harizontal and in vertical polarization.

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

If the EUT does not pass the)peak measurement in the satellite radio broadcasting frequency
rapge 11,7 GHz to 12,7 GHz, then the final test result is FAIL, see Figure 12.

9.4.4.2 Weighted ‘measurement
9.4.4.21 General

In| cases Wwhere readings obtained during the peak measurement in the ranges 1 GHz |to
11,7 GHzand 12,7 GHz to 18 GHz exceed the limits specified in Table 13 an additional series
of/measurements with a weighting function shall be performed.

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.

Fdr every sub-range where the EUT did not meet the limits of Table 13 identify the frequenicy
of[the highest emission level from the peak measurements. These frequencies are the ‘cenfre
frgquencies to be used for the series of weighted measurements.

Table 18 — Frequency sub-ranges to be used for weighted measuréments

Harmonics of 2,45 GHz, Frequency sub-ranges
Order no. GHz
Not defined 1,005 to 2;395
2 2,505 to6,125 2@

3 6,125 to 8,575
4 8,575 to 11,025
5
6

11,025 to 13,475
13,475 to 15,925
7 15,925 to 17,995

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

Me¢asurements with the Log-AV ,weighting function shall be performed in the sub-ranges
where the EUT did not meet the. limits of Table 13 around the centre frequencies identified|in
the previous step, within a frequency span of 10 MHz.

Cgmpare the measurement'results to the limits of Table 14.

If the EUT passes-thé” measurement with the Log-AV weighting function (Table 14), then the
final test result is PASS, see Figure 12.

9.4.4.2.3 APD weighting according to Table 15

Aq ancalternative to 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 was

v nraolimin Nno m-o Aamaoan WP aman ha mada

following 6 frequencies (see Figure 12);
fs1s fSZ'
fs1+ 5 MHz, fs2 + 5 MHz,
fs1— 5 MHz, fs2— 5 MHz,

where f; is the frequency with the highest peak emission in the 1005 MHz to 2 395 MHz
range and fg, is the frequency with the highest peak emission in the 2505 MHz to
17 995 MHz range (but outside the band 5 720 MHz to 5 880 MHz).

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

10 Measurement in situ

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

sp

ecified in 6.4.

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

e number of measurements made in azimuth shall be as great as reasonably’practical, &
bre shall be at least four measurements in orthogonal directions, and measurements in t
ection of any existing radio systems which may be adversely affected.

r the larger commercial microwave ovens it is necessary to ensure that the measurems

Safety precautions for emission measurements on ISM RF equipment

M RF equipment is inherently capable of emitting™levels of electromagnetic radiation th
e hazardous to human beings. Before testing forélectromagnetic radiation disturbance, t
M RF equipment should be checked with a suitable radiation monitor.

Measurement uncertainty

termining compliance with the limits in this standard shall be based on the results of t
mpliance measurements taking into account the considerations on measureme
trumentation uncertainty.

here guidance for the (calculation of the instrumentation uncertainty of a measurement
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d}ermination of compliance with the limits in this standard shall take into consideration t

ecified in CISPR 1624-2 this shall be followed, and for these measurements t

asurement instrumentation uncertainty in accordance with CISPR 16-4-2. Calculations
termine the_measurement result and any adjustment of the test result required when t
5t laboratory. uncertainty is larger than the value for Ug gpr given in CISPR 16-4-2 shall al
included in the test report.

r in~situ measurements, the contribution of uncertainty due to the site itself is excluded frg

sults are not affected by near field effects. CISPR 16-2-3 should be consulted for guidance.

be
or

ut
he

nt

at
he

he
nt

is
he
he
to
he

m

thq

b uncertainty calculation.

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

3

Figures in square brackets refer to the Bibliography.
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Annex A
(informative)

Examples of equipment classification

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

ter

ms of the purpose for which it was designed. For example, the induction heat

er

in
dig
be

THe standard gives general definitions of group 1 and group 2 equipment and for offic
purposes the group to which a particular piece of apparatus belongs shall be identified frq
th¢se definitions. It will, however, be helpful to users of the standard to have a*comprehensi

turbances meeting the prescribed limits whatever the source of disturbance) and is net
tested as if it were a semiconductor power supply.

orporating_semconductor Tectiffers s to be tested—as amnm_mauctiom heater (with—gll

to

al
m

ve

list of types of apparatus which have been identified as belonging to a particular group. This

Wi
by

Th

Group 1

experience to be necessary in dealing with specific types of apparatus.

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

| also help in developing the specification where variations in test pré¢edures may be foupd

Group 1 equipment: group 1 contains all equipment insthe scope of this standard which is not

classified as group 2 equipment.

General: Laboratory equipment
Medical electrical equipment
Scientific equipment
Semiconductor converters
Industrial electroheating equipment with operating frequencies less than
or equal to 9 kHz
Machine toofs
Industrial(process measurement and control equipment
Semiconductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow metefs,
spectrum analysers, weighing machines, chemical analysis machines, electronic
microscopes, switched mode power supplies and semiconductor convertgrs
(when not incorporated in an equipment), semiconductor rectifiers/inverters, gfid
connected power converters (GCPC), resistance heating equipment with builttin
semiconductor AC power controllers, arc furnaces and metal melting ovens,
plasma and glow discharge heaters, X-ray diagnostic equipment, computerised
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

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

en

ergy.
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General:

Microwave-powered UV irradiating apparatus
Microwave lighting apparatus

Industrial induction heating equipment operating at frequencies above 9 kHz
Inductive power transfer / charging equipment 2@

Dielectric heating equipment

Industrial microwave heating equipment

Microwave ovens

Medical electrical equipment

D4

tailed:

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 11,/but forming p

of equipment subject to other CISPR standards is excluded from the scope of CISPR 11.
Metal melting, billet heating, component heating, soldering and brazing, 3
welding, arc stud welding, resistance welding, spot welding, tube weldirn
industrial laser oscillator exited by high-frequency «discharge, wood gluin
plastic welding, plastic preheating, food processing,, biscuit baking, food thawirn

art

rc
g’
gy
gv

paper drying, textile treatment, adhesive curing, material preheating, short-wapye

diathermy equipment, microwave therapy eQuipment, magnetic resonan
imaging (MRI), medical HF sterilizers, high-ffequency (HF) surgical equipme
crystal zone refining, demonstration models*of high-voltage Tesla transforme
belt generators, etc.

ce
nt,
rs,
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Annex B
(informative)

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

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
directly to a broadband mixer, where it is heterodyned to a suitable intermediate frequency.
Microwave spectrum analyzers are obtainable with tracking radio-frequency pre-selectors
w\’?[;ch automatically follow the frequency being scanned by the receiver. These analyzgrs

overcome to a considerable degree the disadvantages of attempting to measure—the
amplitudes of harmonic and spurious emissions with an instrument which can generate’such
components in its input circuits.

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

Many microwave spectrum analyzers employ harmonics of the logal-0scillator to cover various
pdrtions of the tuning range. Without radio-frequency pressélection, such analyzers mjay
digplay spurious and harmonic signals. It thus becomes~difficult to determine whether| a
digplayed signal is actually at the indicated frequency, or i generated within the instrument.

their input power from rectified a.c. but unfilitered energy sources. Consequently, their
enpissions are simultaneously modulated in amplitude and frequency. Additional AM and FM
are caused by the movement of stirring devices used in ovens.

M’}ny ovens, medical diathermy equipment and other'microwave ISM RF equipment receive

THese emissions have spectral line components as close together as 1 Hz (due to modulatipn
byl the oven stirring device), and 50 Hz-or 60 Hz (due to the modulation at mains frequency).
Cgnsidering that the carrier frequency is generally rather unstable, distinguishing thege
spectral line components is not feasible. Rather, it is the practice to display the envelope|of
the true spectrum by employing ‘an analyzer bandwidth which is larger than the frequenfcy
inferval between spectral components (but as a rule small in relation to the width of the
spectral envelope).

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral lings,
the indicated peak’ value increases with bandwidth up to the point where the analyZer
bandwidth is comparable to the width of the spectrum of the signal. It is essential, therefore,
to| obtain adgreement to use a specified bandwidth in order to compare the amplitudes
digplayed by different analyzers when measuring emissions typical of present heating and
therapeutic devices.

It has’been indicated that many oven emissions are modulated at a rate as low as 1 Hz. It hias

been observed that the displayed spectral envelopes of such emissions are irregular,
appearing to vary from scan to scan, unless the number of scans per second is low compared
with this lowest frequency component of the modulation.

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

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

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

sufficiently accurately from the expression:

Th
tel

11 _ 11 11
Eg' = EM - E{

ere
is the electromagnetic radiation disturbance (uV/m);
is the measured value of electric field strength (uV/m);
is the electric field strength of the radio transmitter signal (nV/m):

e formula has been found to be valid when unwanted signals are from AM or FM sound a
evision transmitters having a total amplitude up totwice the amplitude of t

el¢ctromagnetic radiation disturbance which is to be measured.

It
dis
dis
thq

s advisable to restrict the use of the formula to cases where it is not possible to avoid t
turbing effect of radio transmitters. If the frequency of the electromagnetic radiati
turbance is unstable then a panoramic receivér-or spectrum analyzer should be used, a
p formula is not applicable.

nd
he

he
bn
nd
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Annex D
(informative)

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

For industrial radio-frequency equipment which is situated on or near ground level, t
attenuation of the field with distance from source, at a height of between 1 m and 4 m abo

15

he
ve

ground, depends on the ground and on the nature of the terrain. A model for electric field

propagation above plane-earth in the region from 1 m to 10 km from the source Is describ
in[[15]4.

Although the influence of the nature of the ground, and of the obstacles on it, on ‘the acty
atlenuation of the electromagnetic wave increases with frequency, an averade)attenuati
coefficient can be taken for the frequency range 30 MHz to 300 MHz.

Ag ground irregularity and clutter increase, the electromagnetic fields willpe reduced becau
of| shadowing, absorption (including attenuation caused by buildings and vegetatio
scpttering, divergence and defocusing of the diffracted waves [16}- The attenuation can th
be described only on a statistical basis. For distances from the source greater than 30 m, t
exjpected or median field strength at a defined height varies as'1/Dn where D is the distan
frgm the source, and n varies from about 1,3 for open country areas to about 2,8 for heay
built-up urban areas. It seems from the different measurements for all kinds of terrain that
average value of n=2,2 can be used for approximate estimations. Large deviations
measured values of field strengths from those predicted from the average fig
stiength/distance law occur, with standard deviations of up to about 10dB in
aplproximately log-normal distribution. The polarization of the field cannot be predicted. The
results are in agreement with measurements in‘@ number of countries.

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

Ge¢nerally, however, it is considered unwise to expect buildings to give protection of mu
more than 10 dB.
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4 Figures in square brackets refer to the Bibliography.


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

CISPR 11:2015 © IEC 2015

- 61—

Annex E
(informative)

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

al

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

Infernational Standard. Apart from these provisions, additional ITU provisions may apply for

in

"particular areas", which are not addressed in the main body of this standard. The CISPR
regards these ITU provisions and their national derivatives as recommendations since they
may only apply to individual ISM RF applications used in particular<areas under in sjtu

cojnditions.

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

ISM RF equipment should be designed to avoid fundaméntal operations or radiation of high-
leyel spurious and harmonic signals in bands used for.safety-related radio services. A list|of
th¢se bands is provided in Annex F.

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

Thble E.1 — Limits for electromagneticradiation disturbances for in situ measurements
to protect specific safety-retated radio services in particular areas

Measuring distance D from the outer face
Limits of the exterior wall outside the building in
which the equipment is situated
Frequency range
Electric field Magnetic field
MHz Distance D
Quasi-peak Quasi-peak
m
dB(uV/m) dB(pnA/m)
0,283 5 - 0,526 5 - 13,5 30
74,6 — 154 30 - 10
108 137 30 - 10
242,95 — 243,05 37 - 10
328,6 — 335,4 37 - 10
960 — 1 215 37 - 10

E.3 Recommendations for protection of specific sensitive radio services

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

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

Frequency bands allocated for safety-related radio services

Fre:\q/ll;ezncy Allocation/use
0,010 - 0,014 Radionavigation (Omega on board ships and aircraft only)
0,090 — 0,11 Radionavigation (LORAN-C and DECCA)
0,283 5-0.526 5 Aeronautical radionavigation (non-directional beacons)
0,489 - 0,519 Maritime safety information (coastal areas and shipboard only)
1,82 -1,88 Radionavigation (LORAN-A region 3 only, coastal areas and on board ships only)

2,1735-2,1905
P,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
P2,375 5 - 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 — 1 66045

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

Aeronautical radionavigation (108 MHz to 448 MHz VOR, 121,4 MHz to 123,5 MHz
distress frequency SARSAT uplink, 118 MHz to 137 MHz air traffic control)

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (IS glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radionavigation (long range air search radars)

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

Aeronattical mobile satellite (R)

Aerdnautical radionavigation (GPS)

Aeronautical radionavigation (radio altimeters)

Bistress 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.~47400 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 Service)
37,5 - 38,25 Radio astronomy
50 — 54 Amateur Radio Service
70,0 - 70,5 Amateur Radio Service
73 -74,6 Radio astronomy
137 - 138 Satellite downlink
144 — 146 Amateur Radio Service
145,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigation‘satellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astronomy
400,05 - 400,15 Standard frequency 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 2451 240 Satellite downlink
1240 - 1 300 Amateur Radio Service
1260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1 710 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

3-266—3267 Spectrattimeobservations-(radioastromomy)

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 broadcast satellite
14 470 - 14 500 Spectral line observations (rddjo astronomy)
15 350 - 15 400 Radio astronomy

17 700 - 21 400 Satellite downlink

21 400 - 22 000 Broadcast satellite (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) (22,81 GHz to 22,86 GHz is also radio astronomy) 23,0 GHz to 23,07 GHz:
Fixed/intersatellite/mobile (used to fill in the gap between frequency bands) 23,07 GHz
to 23,12"°6Hz: 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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H.1

Afsmmrmmm
national standards, relevant legal regulations and official specifications. It is™also

Annex H
(informative)

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

Significance of a CISPR limit

recommended that international organizations use these limits. The significance of the limjts

fo

prpduced appliances comply with the limits with at least 80 % confidence.

type approved appliances shall be that on a statistical basis at least 80 % of{the mags-

THe assessment of conformity of equipment tested on a test site shall be based pn
measurement results obtained in accordance with the specifications_of Clause 7. Hor
equipment in series production, there shall be 80 % confidence {that at least 80 % |of
manufactured items comply with the limits given (compliance criterioh), see CISPR 16-413.
Sthtistical assessment procedures providing such a confidence,level are specified in H.3|1,

H.B

.2 and H.3.3.

NQTE When applying another statistical assessment procedure than one of those referred to above or specified in
CI$PR 16-4-3, the user of this standard can be invited to show eyvidence that the compliance criterion set put

abgpve is also met when applying this other method.

Mgasurement results obtained for an equipment _nieasured in its place of use and not on
test site shall be regarded as relating to that installation only, and shall not be considerg

o o

representative of any other installation and so_shall not be used for the purpose of a statistic¢al

asp

H{2 Type tests

AS

CISPR standard will be recoghized as approval of the type if the type test was performed

H.R
evia

H.R
nelc

essment.

a rule, the positive result of ‘a type test on a given appliance according to the respective

.1 either on a sample of appliances of the type using one of the statistical methods |of
luation in accordance with H.3,

.2 or, for simplicities sake, on one appliance only. In this case subsequent tests gre
essary fram time to time on appliances taken at random from the production line.

NQTE Recognition of a type test made on only one appliance of series-produced equipment as type approval may
depend.on national or regional regulation. National or regional authorities may rely on different quality assurarce

sygtéms to be maintained by the manufacturer. Consult respective national or regional regulations.

H.3 Statistical assessment of series produced equipment

H.3

A1 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

Ge

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

NOTE The newly introduced method in this subclause is based on CISPR 16-4-3.
The values in Table H.1 have been calculated with the following methodology: Compliance is given, when

X Thpo, <L

max

where

Xk IS the highest (worse) measured value of all items in the sample;

kE is the coefficient from the table below, depending on the sample size;

Gmkx 1S @ conservative value for the expected maximum standard deviation in a product group) and which| is

calculated as 2 times the expected standard deviation;

L is the limit specified in this standard.

—

The quantities x, L and omax are expressed in logarithmic terms while ke , as an ordinagy)factor, is given in absoljite

numerical value, see table in this NOTE.

Smple size (n) 3 4 5 6
Coefficient k¢ 0,63 0,41 0,24 0,12

CI$PR 16-4-3 recommends a value o, = 6,0 dB for both the disturbance voltage and the disturbance power. fFor
radiated disturbances, measured on equipment in the scope of this'standard, the same value for o, ,, has bgen
assumed. The values for the general margin to the limit in Table H.1 above are a simple multiplication of this
6,(J dB with the coefficient kg. In Table H.1 values are given.only for a sample size up to n = 6 because for n =7 or
higher the method given in H.3.3 can be applied, where _the binomial distribution without an additional margin is

uséd.

H.3.2 Assessment based on the non=central +-distribution
H.B.2.1 Normal procedure

THe measurements shall be performed on a sample of not less than five and not more than
12 pieces of equipment of the\type in series production, but if in exceptional circumstances
fivie pieces of equipment aré not available a sample of three or four may be used.

NQTE The assessment made on a sample of the measurement results obtained for a sample of size n relateq to
all identical units and allows for the variations that can be expected to arise due to quantity production techniquegs.

Cgmpliance is achieved when the following relationship is met:

X +kS, <L

where

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

Sn is the standard deviation of the sample where

Sr% = 11><Z(X—)?)2

n—

is the disturbance level of an individual equipment;

~

is the permitted limit;

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

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

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

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

H.B.2.2 Extended procedure

When applying the procedure as in H.3.2.1 a given sample of equipment whi¢h causgs
fluctuating disturbances may fail to meet the compliance criterion. In such casescthe extendged
asjsessment procedure defined in this clause can be used.

THe statistical assessment shall be carried out separately for thecfollowing frequenicy
subranges:

Cgnducted disturbances: a) 150 kHz to 500 kHz
b) 500 kHz to 5 MHz
c) 5 MHz to 30 MHz

Radiated disturbances below 1 GHz: a) 30 MHz t0-230 MHz
b) 230 MHz to 500 MHz
c) 500:MHz to 1 000 MHz

Radiated disturbances above 1 GHz: a) 1,0 GHz to 4,5 GHz
b) 4,5 GHz to 18 GHz

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

Cgmpliance of the sampleTisjudged from the following modified relationship:
X +kS, <0
THhe value of £ depends on the sample size » and is stated in Table H.2 above.

Fdr determination of compliance, the standard deviation formula as in H.3.2.1 shall be used:

1 Y
St =— X-X
n n_le( )

where

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

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

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

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

If all measured values are below the limit and the statistical assessment failed only due to a
high standard deviation, it shall be investigated whether this high standard deviation has been
unjustifiably caused by a maximum of X|, at the borderline between two frequency subranggs.
In|this case the assessment can be done according to H.3.3.

NQTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured distunbances occprs
neg@r the borderline between two frequency sub-ranges. "U " is the measured disturbance voltage; "f/" is the
freguency. Here two units with different characteristics out of a sample are shown. For broadband disturbances the
value of the maximum as well as the frequency of the maximum can change from unit to“unit, differences|as
befween unit 1 and unit 2 in a sample are typical. An average value and standard deviatioh is calculated for|all
units (of which two are shown) for each subrange. In this example the calculated standard/deviation is much higher
for| subrange 1 than subrange 2 (e.g. consider how different the values of X, and X, @re"at the borderline). Eyen
thqugh the average for subrange 1 is much lower than subrange 2, after taking into,consideration the high valug of
S_multiplied by the factor out of Table H.2, in rare cases this could lead to the safmple set failing the given critefia.
Sirjce this is simply a consequence of the way in which the frequency subranges have been defined, no statistically
meganingful conclusion can be drawn regarding compliance.

>

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

v

~

IEC

Figure H.1 — An example of possible difficulties

H.3.3 Assessment based on the binomial distribution

Campliance-is judged from the condition that the number of appliances with a disturbange
leyel abaverthe appropriate limit may not exceed a number of ¢ in a sample of total size n, sge
Tgble H;3:

. = . = FRPIRT) o

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

e dl dl NetwWoOrkK TOfl e d e
provides a defined common mode
of|the power converter under test during measurements of conducted RF disturbances
standardized test sites. It is constructed to provide, in the intended frequency range frg
50 kHz to 30 MHz, well defined termination impedances for symmetric (or differential mods
DM) as well as asymmetric (or common mode — CM) disturbance components(|The values
thése termination impedances are specified in Clause 1.4.

Further, the DC-AN is furnished with a decoupling network (i.e. _an ‘LC-filter) such th
suffficient decoupling is provided between its EUT port and its AE partin order to prevent F
digsturbances from the laboratory d.c. power source to affect ohtained measuring resul

at
RF
Is.

Having asymmetric decoupling capacitors with some 100 nF to~about 1 uF capacitance only

the construction of that filter prevents, in most cases, saturation effects in mitigation filters t
pawer converters may be furnished with and this way\ provides for valid, reliable a
repeatable measurement results.

1.2 Structures for a DC-AN

1.2.1 AN suitable for measurement of unsymmetrical mode (UM) disturbances

Similar to the V-AMN, the AN shall allow for measurement of the unsymmetrical mo
disturbance voltage level at a single terminal (or conductor or pole, respectively) of the EU]
d.¢. power port under test, relativeto“laboratory reference ground. An appropriate AN wot
heltnce be e.g. a pseudo V-AN, a kind of delta network. For layout and design, the principl
set out in CISPR 16-1-2 shalltbe observed. A circuit diagram of a suitable Delta-network
found in Figure I.1.

NQTE Due to constraints(in design of true V-ANs for a certain defined ratio of the DM to CM terminat
impedance, construction 6f-a pseudo V-AN may require use of a third shunting resistor connecting to the two po
terminals of the EUT port\of the AN. Such shunting resistors as R, in Figure |.1 or R, in Figure .4 do not have &
impact on the required-DM and CM termination impedances and provide for these termination impedances a
during measurement 'of UM disturbance voltages. For calculation of the termination impedance for UM disturban
voltages the delta-to-star conversion formula for resistor networks can be used. Further, these terminat
impedances c¢an‘also be measured directly at the EUT power terminals of the AN in relation to common ground
using an appropriate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons of
UM distutbance voltages can also easily be measured with Delta-ANs when they are furnished with respect
megasuting ports.

he
nd

de
's
Id

S

on
ver
ny
so
ce
on

in
ly.
ve

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

A Delta-AN shall allow for measurement of the symmetric (or differential mode — DM)

disturbance voltage level between (any) two terminals different from those at ground potent

ial

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

figure is also replicated in Figure 1.2.
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1.2.3 AN suitable for measurement of UM, CM and DM disturbances

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

1.3 Employment of DC-ANs for compliance measurements

1.3.1 General

Far the measurements, pseudo V-ANs as well as Delta-ANs meeting the requirements in |.4
can be used. Other artificial networks specified in CISPR 16-1-2 can also be used’ if providihg
an asymmetric or common mode (CM) 150 Q termination for the port under test to laboratqry
reference ground, and if being furnished with an appropriate low CM-blocking capacity
delcoupling LC-filter.

NQTE Presently the 150 Q artificial mains V-network specified in CISPR 16-172:2014, 4.5 cannot be used [for
measurements of conducted disturbances at LV d.c. power ports, since providing a common mode terminat{on
impedance of 75 Q only. Such a V-network does not meet the most essential' technical parameter specified| in
Taple 1.1 Pos. 3, i.e. the value of 150 Q, for the common mode termination{impedance. Negotiations in definition of
sygtematic corrections for measurement results obtained in use of such networks have not been started yet.

Sdlection 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 confidenc¢e’level as results obtained when usipg
th¢ established V-network. Information on aspects/of measurement uncertainty in respect|of
artificial mains networks (AMN) is found in CISPR*16-4-2:2011, Clause 4. This information|is
algo valid when employing DC-ANs which comply with the specification in 1.4.

If |]a combined AN is used, then it suffices to just apply it either for measurement |of
unsymmetrical mode (UM), or for measurement of both, common mode (CD) and differentjal
mode (DM) disturbances.

In|lany case the assessment. of\the RFI potential of a given port under test in the frequenlcy
range 150 kHz to 30 MHz(is* only completed, if measurement results were obtained apd
recorded either for the two composite unsymmetrical mode (UM) disturbance components, or for
bath, the asymmetric ©r) common mode (CM) and the symmetric or differential mode (DM)
disturbance components as well.

1.3.2 PseudoV-AN

In|the pselido V-network an assessment of these components is only possible in combinatipn
as| composite unsymmetrical mode (UM) disturbance voltages, the level of which can pe
differént for each terminal of the given port under test, due to internal HF imbalance of the
EUT1o common ground. These are the “classical” terminal disturbance voltages which can pe
compared with the established limits directly and which hence constitute the established EMC
requirements, for example for a.c. mains ports.

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

1.3.3 Delta-AN

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

a

re equal to or less than the respective limit.

4 Normative technical requirements for the DC-AN

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

Pops. Description of the parameter Nominal value and tolerance

1 Type of the DC-AN Delta-network suitable for measurements atne d.
power string or port (plus pole, minus poleyand
reference ground)

D Calibrated frequency range 150 kHz to 30 MHz (measurement.range)
B | CM termination impedance at the EUT port, (150 £ 30)Q
magnitude

x CM termination impedance at the EUT port, phase (0 £ 40)°

5 DM termination impedance at the EUT port, (150 £ 30)Q
magnitude

K | DM termination impedance at the EUT port, phase (0 +40)°

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

u (measured according to CISPR 16-1-2)
B | CM insertion loss AE port — EUT port > 20\dB (asymmetrical 50 Q system)
D DM insertion loss AE port — EUT port >"20 dB (symmetrical 150 Q system)

> 40 dB, with external capacitor

10 | Discharge resistors for decoupling capacitors<in'the |> 1,5 MQ
d.c. current path

a8 The LCL of the AN should be significantly-larger than the internal LCL of the EUT. During the measurement

unsymmetrical disturbance voltages only.disturbance components from internal mode conversion DM to CM
the EUT need to be assessed. The statistical mean value of the LCL of installed PV generators has alrea
been taken into account when determining the limits for the DC power input port of GCPCs.

in
iy

N

QTE The parameters in Table1.1 have been derived in developing modern implementations of the 150 Q CIS

nefwork described in CISPR 16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs
photovoltaic power generating systems.

a

g
d

pearing whef switching the laboratory d.c. power source on and off. Furthermore, secu
Ivanic connection shall be guaranteed to the AN's ground in order to drain transisg
ischarge-eurrents through the coupling capacitors when switching the laboratory source off

Mgasuring ports. shall be protected from low frequency components of voltage transier

PR
for

re
nt

Degcaoupling capacitors in the d.c. current path shall be bypassed with high resistan

d

ischarge resistors, see position 10.
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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,
magnitude

> 10 Q (AE port open)

4 CM termination impedance at the EUT port, phase

not specified

5 DM termination impedance at the EUT port,
magnitude

> 1 Q (AE port open)

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 (asymndetrical 50 Q system),
decreasing with decreasing frequency with
40 dB/decade

9 DM insertion loss of AE port to EUT port

> 20 dB at 150 kHz
> 40 dB with exterhal capacitor

(symmetricaly150 Q system), decreasing with
decreasing frequency with 40 dB/decade

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

photovoltaic power generating systems.

1.5 Examples of practical implementations of DC-ANs

PR
for
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o L]
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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Measuring apparatus { o e

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

IEC
Figure 1.2 — Practical implementation of a 150, QQ 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
- o)
Switch position:
1 V shape A
2 VshapaEM) -
3 E:@ﬁatnup =
A
O
465 REC
Temn
5
: o
S ., GND
§ 5|_‘ -330n
o
_CS
_47n
B
o
]R1
B-EUT
S 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)
=3 BNC_OUT
L
GND 220nF
=2 [] R3
44nF
B-PV-GENERATOR B-EUT
IEC

NQTE Mode A and mode B represent employment of the artificial network for.measurement of unsymmetrical
mdde (UM) or "terminal" disturbance voltages.

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

1F —=1F
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iy s e
3 3
o o
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2 g
1 4 I

B WN =
o

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

J.1  General information and purpose

asuremer O 0 Uroar e ern d voltlage Ol Jrid O e cd pOWe onve
(GCPC) intended for supply of electric energy into AC mains grids and similar AC_mai

laboratory AC power source or AC mains grid is necessary on the AC output side~{oo.

ThHe DC power is fed into the DC input power ports of the GCPC, and not.consumed in the
GCPC, and so almost completely converted to AC power and output to the AC side. If the AC
pawer output from the GCPC is not consumed by a resistive load etc{ the AC power currgnt
can reversely be carried into the laboratory AC power source, and sd’the equipment may pe
damaged. In addition, there are some countries where reverse poweér flow into the AC maihs
is [restricted or prohibited by national law and regulations. Thus;the global setup of the test
site used for the measurements needs attention, and a prdper and appropriate setup mpy
even enable simplification of the test arrangement and configuration for the equipment under
test (EUT). Examples of suitable setups for the test site are described below.

J.2  Setup of the test site

J.2.1 Block diagram of test site

THe measurement arrangement and configuration for the EUT can be simplified by use of a
test site having a configuration as shown in Figure J.1/J.2. For this setup, the AC output of the
GCPC is connected to the AC inputvof the laboratory DC power supply through the V-ANIN
used in the measurement arrangement. The laboratory DC power supply converts AC power
info DC power, and it is supplied to the DC input of the GCPC. Thus, the current circulates
frgm the AC output to the DCyinput of the GCPC. The advantages of this site configuration gre
that the DC power supply consumes the AC output power of the GCPC, and so a resistiyve
load is not required to/prevent AC power currents from flowing into the laboratory AC power
solurce.

AC mains
(grid) AC current
Laboratory EMI ‘_EW
@— AC power filter Resistive load |AC output [ gcpc DC input
source 1_ | (optional) ll__ (EUT) T
i Trans-
» former
AC input Il E (optional)
Change in
DC power electrical
supply system — Reference ground
DC output | = EMI
— | filter —
| DC current flow
B IEC

Figure J.1 — Setup of the test site (Case 1) — 2D diagram
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15

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
v

input output
‘NP Al

T
IEC

Figure J.2 — Sétup of the test site (Case 1) — 3D diagram

nsequently the laboratory"AC power source needs to provide only the total power losses
b test arrangement, once the measurements are started. Because the laboratory AC pow
urce is used, its (AC” voltage and frequency can easily be adjusted conforming to t
ecifications for the* AC output side of the GCPC. Reverse AC power current does not fl

info the AC poweér source, and so it cannot be damaged.

J.]
Th

p.2 DC)power supply

e laboratory's DC power supply shall have enough output power to operate the GCPC at

ra
ne

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

in
er
he
DW

ed~AC output power. In addition, a control for adjusting properly its DC output voltage

AC input to the DC power supply shall match with that of the AC output of the GCPC.

J.2.3 AC power source

is
of

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

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

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

J.B Other test setups

J.3.1 Configuration comprising laboratory AC power source and resistive load

On the other hand, there are some cases where each electrical system cannot basically pe
matched such as three-phase input of the DC power supply with a singlesphase AC output|of
the GCPC (EUT), etc. (there is also the reverse case). In such cases;the AC output of the
GCPC cannot directly be connected to the AC input of the DC power supply as shown|in
Figure J.1/J.2. In this case, another resistive load is connected in(parallel with the laboratqry
AC power source as shown in Figure J.3/J.4 and the AC powerof the GCPC (EUT) shall pe
consumed by that resistive load. As a result, the resistive load prevents the AC output power
cufrent of the GCPC from flowing reversely into the labafatory AC power source, if it hps
enough power to exceed the maximum AC output power of/the GCPC.

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

| output | DC current flow
input

- IEC

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

DC power supply

AC mainSy, .
(qrid) ﬂ%‘“ output
input

AC mains(grid) 't'j/ ;.?
(optional) 1iai

oytput

IEC

Figure J.4 — Setup of the-test site (Case 2) — 3D diagram

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

is setup example shows the” case where the laboratory AC power source (s
jure J.3/J.4) is not connected.to the AC output side of the GCPC.

case the AC output of the GCPC is connected to the AC mains through a filter as shown
jure J.5/J.6, the AC(output current of the GCPC flows to the AC mains, and therefore it

se, there is a disadvantage that the AC power voltage and frequency cannot be adjust
nforming to thévspecifications of the AC output side of the GCPC.

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

in
is

t required to connect the resistive load as shown in the previous setup, Case 2. But in this

ed
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AC mains
(grid) } AC current
| flow
- EMI [ ;
@ filter : AC output | 5epc DC input
A
AC mains (grid) — Reference ground
(optional)
t'::\““ DC power EMI |
v =TT supply — | filter i —_—
~=*" AC DC ' DC current flow
output |
IEC

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

Most types of power converters use operation or switching frequencies in the range of| a
coluple of 100 Hz up to 25 kHz. The measurement results obtained in the range of.intergst
(1p0 kHz to 30 MHz) are sometimes seriously invalidated by the effective total common mofe
(C[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 converter under tgst
coincides with the frequency of the series resonance dip(s) in the effective total commpn
mode (CM) impedance in the whole laboratory d.c. power supply chain, excessive GM
disturbance currents may appear at the operation frequency and may saturate the built-in EMI

performance degradation of the filters in the measuring frequency rahge 150 kHz to 30 MHz.
Pgrformance degradation of the filters means that excessive RE disturbance levels will pe
recorded causing the power converter under test eventually4o FAIL proving compliance wjth

It shall be said that such mode of operation of power converters prominently deviates from the
opleration conditions in normal use. Hence additionabcountermeasures should be taken at tgst

type tests according to this standard.

A9 a matter of course, CM decoupling capacitors shall be employed, in conjunction wijth
sufitable series inductors, as LP-filters_decouple the termination impedance at the EUT port|of
th¢ artificial network (AN) e.g. from. influences of the laboratory d.c. power source at the AE
port of this AN. The specifications(of‘the DC-AN as in Annex | Table I.2 guarantee that the GM
termination impedance at the EUT port of the AN remains at least at values of 10 Q or moye,
at|the series resonance of itsuinternal LC LP decoupling filter. This will prevent the saturatipn
effects mentioned above .in_most of the practical testing cases. For the magnitude-versys-
frgquency characteristics“of the CM termination impedance of the AN in the range 9 kHz|to
190 kHz, consult the specifications provided by the manufacturer.

Cansidering now_niitigation of common mode RF currents in the whole laboratory d.c. power
supply chain _at‘the test site, this mitigation and involved additional CM decoupling capacitqrs
and commen{mode chokes (as e.g. in the EMI filters at the site) may interact with the
chiaracteristics of the built-in LC LP decoupling filter of the AN, and may cause frequenicy
shifts .of~the series resonance dip(s) of the effective total common mode (CM) impedance
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
to 150 kHz

If
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1)

2)

3)

4)

excessive levels of disturbance are observed during measurements of conducted ¥§
turbances at LV d.c. power ports of power converters in the range 150 kHz to 30JMHz, th
s may be caused by saturation effects appearing at the operation frequency 'ef the ELl
ocated someplace in the range below 150 kHz. To avoid such conditions it isTecommend
observe the guidance given below.

For measurements at LV d.c. power ports of power converters useonly ANs complyi
with the technical requirements of the 150 Q artificial mains Deltasnetwork 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 whole measuring instrumentati
(DC-AN excluded) and test site configuration are suitable, for use with measurements

(fundamental frequencies) allocated in the range below 150 kHz. Depending on t
implemented technology and nominal power throughput, power converters may u
fundamental or switching mode frequencies in the“range from a couple of 100 Hz up
about 150 kHz.

Whenever possible insert additional commaonimode (CM) absorbing devices such as ferr
tubes, CMADs or also 150 Q CDNs accerding 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 coil
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 efficien
of the added common mode rejection devices, since for most of them you will not fi
specifications of technical.characteristics in the range below 30 MHz.

Avoid coincidence of the-fundamental or operating frequency of the power converter ung
test with the frequency of the series resonance dip in the CM impedance of the whg
d.c. power supply.ehain 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 resonan
dip in the CM-impedance of the power supply chain can be shifted by changing t
capacitance-ef the effective CM decoupling capacitor. Addition of external CM decoupli
capacitorsis recommended at the interface between the AE port of the AN and t
laboratory d.c. power supply port allocated in the test environment. Be aware that a line
capageitors with different capacitances may be needed if the testing business compris
power converters implementing various technologies, power throughput classes and t
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power electronics operated in switching mode conditions at operating frequencies
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K.

like Remember that the aoperation frequency may he allocated someplace between
couple of 100 Hz up to about 150 kHz.

3 Detailed advice

3.1 General

The following descriptions are found for a decoupling circuit of the DC-AN in Clause I.1:

“Further, the DC-AN is furnished with a decoupling network (i.e. an LC-filter) such that
sufficient decoupling is provided between its EUT port and its AE port, in order to prevent RF
disturbances from the laboratory d.c. power source to affect obtained measuring results.
Having asymmetric decoupling capacitors with some 100 nF to about 1 uF capacitance only,
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the construction of that filter prevents, in most cases, saturation effects in mitigation filters the
power converters under test may be furnished with, and this way provides for valid, reliable

an

d 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

Su

ch equipment is furnished with may be much larger than 100 nF.

An
eft
ing
d.

Th
co

inferface in between the AE port of the DC-AN and the laboratory d.c. power supply p

all
re

K.

If
9
su

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

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

Bl

H
i
i
TR O RER ORI 1)+ (1) +1" ()

IEC

Figure K.1 — Flow of the commoh mode RF
current at test site configuration level

ective RF CM current at the operation frequency of the power converter under test is
rease the CM decoupling loss in between’the AE port of the DC-AN and the laboratg
C. power supply port allocated in the test environment.

ocated in the test envirodment (countermeasure for shifting the frequency of the seri
sonance dip in the CM termination impedance at the EUT port of the DC-AN).

3.2 Insert of series inductors (or common mode chokes) in the laboratory’s d.c.
power supply chain

some suitable-EMI clamp devices etc. which attenuate the common mode RF current
Hz ~ 150-kHz are inserted between the AE port of the DC-AN and the laboratory d.c. pow
pply portrallocated in the test environment as shown in Figure K.2, the capacitances of t

us!

obvious countermeasure for prevention ofxthese additional contributions to the tofal

to
ry

is decoupling loss can be increased by insert of additional series inductors (preferrgd
untermeasure) and/or by employment of additional CM decoupling capacitors at the

brt

in
er
he
be
be

led-too if arranged to fnrming an-air coil
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GCPC
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Figure K.2 — Blocking of flow of common mode RF current
by insert of series inductors

TENTION — Proper equipment such as EMI clamp devices which can -attenuate t
mmon mode RF current in the range 9 kHz to 150 kHz may not be available from t

market. Preferred measure should hence be insertion of series inductivities:

Ag
ca|

mentioned above, because the effective magnitude of capacitance of decoupli
pacitors of all the laboratory measuring systems including thelaboratory d.c. power sour|

may cause saturation effects in mitigation filters the transformer-less power converter
equipped with, it is necessary to use laboratory d.c. powef ‘sources and EMI filters with |

ca
de
dig
dig
to

pacitance common mode decoupling capacitors onlySObserve however that use of C
coupling capacitors with low capacitance only may also reduce suppression of ¥§
turbances generated by the laboratory d.c. pewer source. If extremely large §
turbances occur during type tests on transformer-less power converters which are thoug
be caused by saturation of the built-in mitigation filters, then it should be considered to u

batteries as d.c. power source.

K.

Fa
the

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

r an increase of the decoupling loss between the laboratory d.c. power supply chain a
b measurement arrangement additional CM decoupling capacitors can be connect

begtween the AE port (i.e(th€ decoupling circuit) of the DC-AN and the laboratory d.c. pow

SuU

pply port allocated inthe test environment as shown in Figure K.3.

Additional
blocking capacitors
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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 studled the methods of solving the saturation problem on the assumpt|on that not a

' BsS
power converters Figure K. 4 shows an example of common mode |mpedance characterlst cs
for a DC-AN according to Table 1.2. As shown in Figure K.4, it proves that there is a résongnt
pdint in the proximity of 20 kHz and the common mode impedance remarkably deCreases|at
this resonant frequency.

(@)

DC-AN common mode impedance characteristics
500

450 \ ‘
400 L ‘ L L
S 1 A 1 g ol

NI LTI 1T TQE T [

250 \ AN

|Zcel

200
100

X /
. NI
\/

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/ef mitigation filters the power converter is furnished with, that currenfly

Haoweyép;-the resonant frequency is practically determined not only by the DC-AN, but also py
th¢ €ommon mode impedance characteristics of all of the instrumentation used in the whqgle

the like.

In case the effective resonant frequency caused by all of the laboratory measuring
instrumentation coincides with the operating frequency of the power converter and so large
common mode current flows, or in case it is necessary to confirm whether such conditions
actually occur, the resonant frequency can be detuned from the operating frequency of the
power converter by changing the capacitance of decoupling capacitors of the decoupling
circuit of the DC-AN or adding the capacitance of decoupling capacitors as shown in
Figure K.5 and so changing the resonant frequency, that is to say, the resonant point can be
shifted as shown in Figure K.6. As a result, the common mode current can be reduced at the
operating frequency of the power converter by avoiding saturation effects.
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Figure K.5 — Prevention of saturation of mitigation filters
by use of additional decoupling capacitors

Injother words, if the measurement results in case the capacitance of decoupling eapacitors|is
ingreased are the same as those in case it is unchanged, it can be concluded that the
measurements of conductive disturbances have correctly been performed.

WI|th exchange of hardware components in the DC-AN, it is possibletolincrease or decreaEe
th¢ capacitance of the CM decoupling capacitors by setting up switehes for switching series
and parallel connection of these decoupling capacitors as shown’ in Figure K.7. However,
such measure cannot be recommended for application in normal laboratory practice singe
pdssibly violating the calibration of the respective DC-AN. However, switched-type combinged
external CM decoupling capacitors can be used, if necesSary. Application of such capacitqrs
will always shift the series resonance of the DC-AN «ntérnal LC decoupling filter to lower
frgquencies than found in the manufacturer's specifications.

@ 500* DC-AN common mode impedance characteristics
A :
= | \
N 450 TN
400 xO
350 -
300
250 | )
" 19 kHz ~ 150 kHz
200 |
150
100 +—m————— / — i —_————
> LRI O
A ¥
>0 Increaseini‘r‘; 'l‘ \/1\7\77Decre?se It : ]
capacitance oyl T | Erptance of
g MW T [ | idecoupling I | § | I L

0- decoupling’ - i | SpelBte|
0,001 0,01 0,1 1 10
Frequency (MHz)

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, normalisatjon
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de [I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — jpublie 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'l[EC"). Leur élabOration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujeb) traité peut participer. Ues
organisations internationales, gouvernementales et non gouvernementales, en diaison avec I'lEC, participgnt
également aux travaux. L'IEC collabore étroitement avec I'Organisation Interpationale de Normalisation (ISP),
selon des conditions fixées par accord entre les deux organisations.

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

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

4) | Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toutd la
mesure possible, a appliquer de fagon transparente lés Publications de I'lEC dans leurs publications nationajes
et régionales. Toutes divergences entre toutes \Rublications de I'lEC et toutes publications nationales |ou
régionales correspondantes doivent étre indiquées“en termes clairs dans ces derniéres.

5) |L’'IEC elle-méme ne fournit aucune attestatiom de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de~conformité et, dans certains secteurs, accédent aux marques |de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificat|on
indépendants.

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

7) | Aucune responsabilité ne _doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires |ou
mandataires, y compris ses Jexperts particuliers et les membres de ses comités d'études et des Comifés
nationaux de I'lEC, pour—tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelqueshatdre que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frpis
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou|de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) | L'attention est_ atiirée sur les références normatives citées dans cette publication. L'utilisation de publicatigns
référencées‘est'obligatoire pour une application correcte de la présente publication.

9) | L’attentionnest attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fdire
I'objet.de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drqits
dedrevets et de ne pas avoir signalé leur existence.

oIODD 44
I

L NUIIIIC‘ illtcllldtiulldic CUIOF TN 1 d été b‘tdll.)ilc pdal ic bUUb‘bUIIIité B du CIS R:
Perturbations relatives aux appareils industriels, scientifiques et médicaux a fréquences
radioélectriques, aux autres appareils de l'industrie lourde, aux lignes a haute tension, aux
appareils a haute tension et aux appareils de traction électrique.

Cette sixiéme édition annule et remplace la cinquiéme édition parue en 2009 et son
Amendement 1 paru en 2010. Cette édition constitue une révision technique.

Elle introduit et permet des essais de type sur des composants d'appareils, de systémes et
d'installations électroniques d'alimentation. Ses limites d'émission s'appliquent désormais aux
acces d’alimentation en courant alternatif et en courant continu a basse tension (BT), quel
que soit le sens de la transmission d'énergie. Plusieurs limites ont été adaptées aux
conditions d'essai pratiques déterminées sur les sites d'essai. Elles s'appliquent désormais
également aux appareils ISM a fréquences radioélectriques électroniques de puissance
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utilisés pour le transfert de puissance sans fil (WPT), I'alimentation électrique instantanée et
les besoins de la mise en charge. Les limites dans la plage comprise entre 1 GHz et 18 GHz
s'appliquent désormais aux perturbations de type a ondes entretenues et aux perturbations
fluctuantes de maniéere similaire, uniforme et neutre d'un point de vue technique. Pour ces
mesurages, deux autres méthodes de mesure sont disponibles: la méthode Log-AV
traditionnelle et la nouvelle méthode APD.

Pour des mesurages réalisés au niveau des accés d’alimentation en courant continu BT d'un
appareil électronique de puissance, une mise en ceuvre moderne du réseau en triangle 150 Q
spécifié dans la Norme CISPR 16-1-2 a été mise a disposition.

4%
5

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

—
Q

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
CISPR/B/628/FDIS CISPR/B/631/RVD

Leg rapport de vote indiqué dans le tableau ci-dessus donne téute information sur le vote aygnt
abouti a I'approbation de cette norme.

Cgtte publication a été rédigée selon les Directives ISOQUEC, Partie 2.

Le comité a décidé que le contenu de cette publieation ne sera pas modifié avant la date fe
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les donnégs
relatives a la publication recherchée. A cette date, la publication sera

* | reconduite,

* | supprimée,

* | remplacée par une édition réyvisée, ou
* [ amendée.

IMMPORTANT - Le-logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles|a
uhe bonne compréhension de son contenu. Les utilisateurs devraient, par conséquen
imprimer cette publication en utilisant une imprimante couleur.

—*
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Le contenu principal de la présente norme est fondé sur la Recommandation n° 39/2 du
CISPR rappelée ci-dessous:

RECOMMANDATION n° 39/2

Limites et méthodes de mesure des caractéristiques de perturbations
électromagnétiques des appareils industriels, scientifiques et médicaux (ISM) a
fréquences radioélectriques

Le

CONSIDERANT

a)| que les appareils ISM a fréquences radioélectriques constituent une source.importar
de perturbations;

b)| que les méthodes de mesure de ces perturbations ont été spécifiées par'le CISPR;

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

RECOMMANDE

que la derniére édition de la CISPR 11 soit utilisée pour appliguer des limites et méthodes

m

CIoFK,

sure des caractéristiques des appareils ISM.

de
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INTRODUCTION

Parmi les exigences communes relatives au contrdle des perturbations radioélectriques dues
au matériel destiné a étre utilisé dans des applications industrielles, scientifiques et
électromédicales, la présente publication du CISPR contient des exigences spécifiques pour
le controle des perturbations radioélectriques dues a des applications ISM a fréquences
radioélectriques au sens de Ila définition donnée par [I'Union Internationale des
Télécommunications (UIT). Voir également la définition 3.13 de Ila présente Norme
internationale. Le CISPR et I'UIT se partagent la responsabilité de la protection des services
radio, en ce qui concerne l'utilisation des applications ISM a fréquences radioélectrigues.

Lg CISPR est concerné par le contrbéle des perturbations radioélectriques dues~ya-d
applications ISM a fréquences radioélectriques par le moyen d'une évaluation ‘de c
perturbations, soit sur un site d'essai normalisé, soit, pour une application individuelle IS

fr@quences radioélectriques qui ne peut étre soumise a essai sur un tel site, sur)son lieu

fonctionnement. Par conséquent, la présente Publication du CISPR couvre .les exigenc
relatives a I'évaluation de la conformité des deux sortes d'appareils: appareil évalué par d
esjsais de type sur des sites d'essai normalisés ou appareil individuel dans des conditions
sitju.

S0 n O Yn n

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

La présente publication du CISPR contient, en\6.3, les exigences essentielles relatives ajux

issions pour une évaluation des perturbations radioélectriques dues a des applications ISM
a fréquences radioélectriques sur des sites-d'essai normalisés. Ces exigences permettent des
esisais de type sur les applications ISMVa fréquences radioélectriques fonctionnant a des
fr@quences jusqu'a 18 GHz. Elle contjeht en outre, en 6.4, les exigences essentielles relatives
aux émissions pour une évaluationin situ des perturbations radioélectriques dues a des
applications ISM a fréquences radioélectriques dans la plage de fréquences jusqu'a 1 GHz.
Tqutes les exigences ont été. établies en étroite collaboration avec I'UIT et jouissent
I'approbation de I'UIT.

[oN
]

Tqutefois, pour le fonctionnement et l'utilisation de plusieurs types d'applications ISM| a
fr@quences radioélectriques, il convient que le fabricant, l'installateur et/ou le clignt
connaissent les dispositions nationales complémentaires concernant la réglementation et les
besoins particuliers de protection des services et applications radio locaux. Selon le paF/s
cojncerné, ces-dispositions complémentaires peuvent s'appliquer a des applications ISM| a
fr@quences, radioélectriques fonctionnant a des fréquences situées a l'extérieur des bandes
désignees (voir Tableau 1). Elles peuvent aussi s'appliquer a des applications ISM| a
fr@quences radioélectriques fonctionnant a des fréquences supérieures a 18 GHz. Pour e
dernier type d'applications, la protection locale des services et appareils radio requiert upe
exéculion de Teévalualion de la conformiié par Tlapplicaiion des disposiiions nationales
appropriées dans la plage de fréquences supérieures a 18 GHz conformément aux droits
acquis de I'UIT et des administrations nationales. Ces dispositions nationales
complémentaires peuvent s'appliquer aux émissions non désirées, aux émissions
apparaissant a des harmoniques de la fréquence de fonctionnement et aux émissions
désirées a la fréquence de fonctionnement allouée a l'extérieur de la bande ISM désignée
dans la plage de fréquences supérieures a 18 GHz.

L'Annexe E de la présente Norme Internationale donne des recommandations du CISPR
relatives a la protection des services radio dans des zones particuliéres.

La définition 1.15 du Réglement des radiocommunications de I'UIT est la suivante:
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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

Li présente Norme internationale s'applique aux appareils industriels, scientifiques tat
électromédicaux fonctionnant dans la plage de fréquences de 0 Hz a 400 GHz, ainsi-gu’aux
appareils domestiques et similaires congus pour produire et/ou utiliser, dans un\espace
réduit, de I'énergie radioélectrique.

La présente norme couvre les exigences d’émission relatives aux .“perturbations
ragdioélectriques dans la plage de fréquences de 9 kHz a 400 GHz. Les.mesurages sgnt
seulement nécessaires dans les plages de fréquences dans lesqueglles les limites sant
spécifiées a I'Article 6.

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

NQTE Les exigences d'émission pour les appareils de cuisson a induction sont spécifiées dans la CISPR 14-1
([t

Lels exigences relatives aux appareils d'éclaitage ISM a fréquences radioélectriques et aEx
gjnérateurs de rayonnement UV fonctionnant dans les bandes de fréquences ISM définies
par le Réglement des radiocommunications de I'UIT sont spécifiées dans la présente Norme].

Les installations couvertes par d’aiitres normes de produits du CISPR et d’autres norms
d’éemission de famille de produits n’entrent pas dans le domaine d’application de la présente
ngrme.

2 | Références normatives

Legs documentsde” référence suivants sont indispensables pour I'application du présant
dgcument. Poudr-des références datées, seule I'édition citée s'applique. Pour les références
ndn datées,. la~derniére édition du document de référence s’applique (y compris les éventugls
amendements).

CISPR“16-1-1:2010, Spécifications des méthodes et des appareils de mesure des

p rf”rhahnno rorhnalar\frlnuco ot Hn l'lmm“nlfn S nerturbations radindélectriales Darhn 111:
POfHtHPAHOASHEHOB8r86HHGHOS

Appareils de mesures des perturbations radioélectriques et de I'immunité aux perturbations
radioélectriques — Appareils de mesure

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

CISPR 16-1-1:2010/AMD 2:2014

CISPR 16-1-2:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-2:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Dispositifs de couplage pour la mesure des perturbations conduites

1 Les chiffres entre crochets renvoient a la Bibliographie.
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CISPR 16-1-4:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-4:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Antennes et emplacements d’essai pour les mesures des perturbations
rayonnées

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

CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:
Méthodes de mesure des perturbations et de l'immunité — Mesures des perturbations
conduites

CISPR 16-2-3:2010, Spécifications des méthodes et des appareils de mesute des
pdrturbations radioélectriques et de I'immunité aux perturbations radioélectriques + Partie 213:
Méthodes de mesure des perturbations et de I'immunité — Mesures des.\perturbations
rajonnées

CISPR 16-2-3:2010/AMD 1:2010
CISPR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2011, Spécifications des méthodes et des appareils de mesure des
pdrturbations radioélectriques et de I'immunité aux perturbations ¥adioélectriques — Partie 412:
Ingertitudes, statistiques et modélisation des Ilimites - lhcertitudes de mesure e
I'instrumentation

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

IEC 60050-161:1990, Vocabulaire Electrotechnique™-International (VEI) — Chapitre 1§1:
Caompatibilité électromagnétique

IEC 60601-1-2:2014, Appareils électromédicaux — Part 12: Exigences générales pour |la
sélcurité de base et les performances “essentielles — Norme collatérale: Perturbations
électromagnétiques — Exigences et essais

IEC 60601-2-2:2009, Appareils électromédicaux — Part 2-2: Exigences particulieres pourl|la
sélcurité de base et les performances essentielles des appareils d'électrochirurgie a courgnt
haute frequence et des accessoires d'électrochirurgie a courant haute fréquence

IEC 60974-10:2014, Matériel de soudage a l'arc — Partie 10: Exigences de compatibiljté
électromagnétique (GEM)

IEC 61307:20115./nstallations industrielles de chauffage a hyperfréquence — Méthodes d'essai
paur la détermination de la puissance de sortie

IEC 62135-2:2007, Matériel de soudage par résistance — Partie 2: Exigences de compatibiljté
électromagnétique (CEM)

Réglement des radiocommunications de I'UIT (2012), Reglement des radiocommunications,
Volume 3 — Résolutions et recommandations, Résolution n° 63 (disponible sous
http://www.itu.int/pub/R-REG-RR-2012)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60050-161
ainsi que les suivants s'appliquent.
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3.1

acces d’alimentation secteur en courant alternatif

acces utilisé pour le raccordement a un réseau public de distribution secteur d’énergie en
courant alternatif a basse tension ou autre installation secteur en courant alternatif a basse
tension

3.2

matériel de soudage a I’arc

matériel destiné a appliquer un courant et une tension et ayant les caractéristiques
nécessaires pour le soudage a l'arc et les processus associés

3.3
réseau fictif d'alimentation
ANN

réseau qui fournit une impédance définie au matériel en essai aux.)fréquences
rafioélectriques, accouple la tension perturbatrice au récepteur de mesure et-désaccouple|le
cincuit d'essai du réseau d'alimentation

Note 1 a l'article: |l existe deux types fondamentaux d'AMN: le réseau en V (AMN en V) qui accouple les tensigns

noh symeétriques, et le réseau en triangle (AMN en A) qui accouple séparémentés-tensions symétriques et rjon
symétriques.

Note 2 a l'article: Les termes réseau de stabilisation d'impédance de ligne”(RSIL) et réseau AMN en V spnt
utilisés indifféremment

Nofe 3 a l'article:  L’abréviation «<KAMN» est dérivée du terme anglais*développé correspondant «artificial majns
nefwork».

3.4
pédrimétre de I’appareil en essai
périmétre imaginaire de lignes droites décrivant une configuration géométrique simple qui
enjglobe I'appareil en essai

Nofe 1 a I'article: Tous les cables d'interconnexion sont inclus a l'intérieur de ce périmétre.

3.5
cgmposant
produit qui sert une ou plusieurs fonctions particuliéres et qui est destiné a étre utilisé dans
unf matériel ou systéme assemblé de niveau supérieur

3.6

réseau fictif en courant continu
réEeau en courant continu fictif
DC-AN

réseau fictif qui sert de terminaison définie de I'accés en courant continu en essai du matérjel
en essai;—~fournissant également le découplage nécessaire des perturbations conduites
provenant de la source d'alimentation en courant continu de laboratoire ou de la charge

Note 1 a [Marticle: L’abreviation «DC-AN» est derivee du terme anglais developpe correspondant «d.c. artificial
network».

3.7

acceés d’alimentation en courant continu

acces utilisé pour le raccordement a un systeme de production d'énergie en courant continu a
basse tension, a un systéme de stockage d'énergie ou a une autre source/charge

Note 1 a [l'article: |l peut par exemple s'agir d'un systéme de production d'énergie photovoltaique, a pile a
combustible ou d'une batterie.
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3.8

matériel d’usinage par décharges électriques

EDM

tous les composants nécessaires au procédé d’électroérosion incluant la machine-outil, le
générateur, les circuits de commande, le réceptacle de fluide de travail et les dispositifs
intégrés

Note 1 a l'article: L’abréviation «<EDM» est dérivée du terme anglais développé correspondant «electro-discharge
machining».

3.9
rayonnement électromagnétique
1)| processus par lequel une source fournit de I'énergie vers l'espace extérieur sous~forme
d'ondes électromagnétiques

2)| énergie transportée dans I'espace sous forme d'ondes électromagnétiques

Note 1 a l'article: Le sens du terme "rayonnement électromagnétique" est quelquefois étendu-aux phénomenes
d'imduction.

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

3.10

équipement de soudage par résistance et procédés associjés
tolis les équipements associés a la réalisation du procédé de soudage par résistance et des
prpcédés associés consistant, par exemple en une soufce d’alimentation, des électrodes,
I'ojutillage et I’équipement de contrdle associé, et qui peuvent consister en une unité séparge
oy une partie d’'une machine complexe

3.1

cgnvertisseur de puissance connecté au réseau
GCPC

convertisseur de puissance connecté ajyun réseau de distribution électrique en courgnt
alternatif ou autre installation secteun_en courant alternatif et utilisé dans un systeme fe
production d'énergie

Nofe 1 a l'article: L’abréviation «GCPC» est dérivée du terme anglais développé correspondant «grid connecfed
poyer converter».

3.12

systéme et appareil électronique haute puissance
unf ou plusieurs convertisseurs de puissance a semiconducteurs dont la puissance assignge
combinée est superieure a 75 kVa, ou appareil contenant ce type de convertisseurs

Note 1 a l'article™ |l s'agit, par exemple, de convertisseurs de puissance a semiconducteurs destinés gux
applicationssdaps les alimentations sans interruption (ASl) et les entrainements électriques de puissance (EEP).

3.13

applications industrielles, scientifiques et médicales (ISM) (d'énergie radioélectrique)
applications ISM(d"énergie radioelectrique)

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

bgsse tension
B

ensemble des niveaux de tension utilisés pour la distribution d’énergie électrique et dont|la
limite supérieure généralement admise est de 1 000 V en courant alternatif @u1 500 V en
courant continu

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiée — addition des,mots "ou 1 500 V
courant continu".]

[
=]

3.16

systéme de production d'énergie photovoltaique
sygtéme de production d'énergie électrique qui utilise |'effet photovoltaique pour convert
I'épergie solaire en électricité

r

3.17
pdtit matériel
mjtériel qui est, soit placé sur une table, soitvposé sur le sol, et qui tient a I'intérieur d’un

volume d’essai cylindrigue imaginaire dont4e diamétre ne dépasse pas 1,2 m et dont|la
hauteur au-dessus du plan au sol ne dépasse pas 1,5 m, y compris ses cables

3.18
électroérosion
enlévement de matiére dans un fluide diélectrique de travail par des décharges électriqugs,
réparties dans le temps et _distribuées aléatoirement dans I'espace, entre deux électrodes
élrjectriquement conductrices_(une électrode servant d’outil et l'autre de piéce de travail), avec
unle maitrise de I'énergje des décharges

3.19

esssai de type
esisai effectué\sur un ou plusieurs dispositifs réalisés selon une conception donnée, pqur
vérifier que~c€&tte conception répond a certaines spécifications

Nofe 1¢a\/I"article: La reconnaissance d'un essai de type comme une homologation peut dépendre de
rédlementation nationale ou régionale (voir H.2 de I'Annexe H).

a

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 |
MHz MHz maximale b des Réglements des
Radiocommunications de
I'UIT @
6,780 6,765 - 6,795 A I'étude 5.138
13 560 13 583 — 13 BRR7 Sans restriction 5150
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 2400 - 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
P La résolution n° 63 du Réglement des Radiocommunications de I'UIT s’applique.
P 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 tensions,perturbatrices et de perturbations rayonnées de la
présente norme s'appliquent.
5| Classification des appareils
5. Séparation en groupes
Pqur simplifier I'identification des limites applicables, les appareils relevant du domaipe
d'application de la présente Norme sont classés en deux groupes, c’est-a-dire le groupe 1|et
le [groupe 2.
Appareils du @roupe 1: le groupe 1 réunit tous les appareils compris dans le domaihe
d’application‘de la présente Norme, qui ne sont pas classés comme étant des appareils du
groupe 2.
Appareils du groupe 2: le groupe 2 réunit tous les appareils ISM a fréquences
raiinéln(‘friqnne dans Ipeqllnle de I'énnrgin a fréqnnnr‘ne rndinélnn’rriqunc dans la plngn e

fréquences comprises entre 9 kHz et 400 GHz est produite et utilisée volontairement ou
uniquement utilisée localement sous forme de rayonnement électromagnétique, de couplage
inductif et/ou capacitif, pour le traitement de la matiére, a des fins d’examen ou d’analyse ou
pour le transfert d'énergie électromagnétique.

NOTE Voir I'Annexe A pour des exemples de séparation des appareils en groupe 1 ou en groupe 2.

5.2

Division en classes

En fonction de l'utilisation prévue de I'appareil dans I'environnement électromagnétique, la
présente Norme définit deux classes d'appareils, a savoir la classe A et |la classe B.
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Appareils de classe A: appareils prévus pour étre utilisés dans tous les emplacements autres
que ceux alloués dans les environnements résidentiels et ceux directement connectés a un
réseau d'alimentation électrique a basse tension alimentant des béatiments a usage
domestique.

Les appareils de classe A doivent respecter les limites de la classe A.

Le matériel de soudage a l'arc contenant des dispositifs d’amorgcage ou de stabilisation d’arc
et des dispositifs d'amorgage ou de stabilisation d’arc autonomes pour le soudage a I'arc doit

ét

e considéré comme un appareil de classe A

Appareils de classe B: appareils prévus pour étre utilisés dans les environnemer

ré

électrique a basse tension alimentant des batiments a usage domestique.

Lels appareils de classe B doivent respecter les limites de la classe B.

5.

L¢ fabricant et/ou le fournisseur de I'appareil doivent s’assurer qué_liutilisateur est informé

la

accompagnant I'appareil. Dans les deux cas, le fabricadt et/ou le fournisseur doive
expliquer dans la documentation accompagnant I'apparejlfla signification de la classe et

gr

La documentation accompagnant l'appareil doit contenir des détails sur les précautions q

I'a
I'u
pr
re

Pqur les appareils de classe A, les instructions d'utilisation qui accompagnent le prod
daivent contenir le texte ci-dessous:

6

sidentiels et dans les établissements connectés directement a un réseau d'alimentati

B Documentation pour l'utilisateur
classe et du groupe de l'appareil, soit par un marquage;\soit par la documentati

bupe.

fheteur ou l'utilisateur est tenu de prendre\ pour assurer que le fonctionnement
ilisation normale de I|'appareil ne prowoquent pas de brouillage radioélectriq
pjudiciable. Dans le cadre de la présente.Norme, ces détails concernent des informatio
atives:

a la possibilité de brouillage radioelectrique provenant du fonctionnement d'un appareil
classe A dans certains environnements,

aux précautions particuliéres a prendre lors du raccordement d'un appareil de classe A
un réseau d'alimentationélectrique a basse tension (voir la note de bas de page a et
note de bas de page b-du' Tableau 2, la note de bas de page b du Tableau 3 et la note
bas de page a du Tableau 6, respectivement),

aux mesures qui‘peuvent étre prises au niveau de l'installation pour réduire les émissio
provenant d'unappareil 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).

Attention: Cet appareil n'est pas destiné a étre utilisé dans des environnements

bn

He
bn
nt
du

Le
et
e
ns

de

la

ns
et

residentiels et peut ne pas assurer la protection adequate a la reception
radioélectrique dans ce type d'environnements.

Valeurs limites des perturbations électromagnétiques

6.1 Généralités

Pour les mesurages réalisés sur des sites d'essai normalisés, les exigences spécifiées ici
constituent les exigences pour les essais de type.

Les appareils de classe A peuvent étre mesurés soit sur un site d'essai, soit in situ, selon la
préférence du fabricant.
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NOTE 1 En fonction de la taille, de la complexité ou des conditions de fonctionnement de l'appareil, certains
appareils peuvent devoir étre mesurés in situ afin de démontrer la conformité aux limites de perturbations

rayonnées spécifiées dans la présente Norme.

Les appareils de classe B doivent étre mesurés sur un site d'essai.

NOTE 2 Les limites ont été déterminées sur une base probabiliste, en tenant compte de la probabilité
brouillage. En cas de brouillage, des dispositions complémentaires peuvent devoir étre appliquées.

La limite inférieure doit étre appliquée a toutes les fréquences de transition.

6.2 Appareils du groupe 1 mesurés sur un site d'essai
6.2.1 Limites des perturbations conduites

6.2.1.1 Généralités

L'appareil en essai doit satisfaire:

a)| soit a la fois a la limite en valeur moyenne spécifiée pour les mesurages effectués avec
détecteur de valeur moyenne et a la limite de quasi-créte spécifiée pour les mesurag
effectués avec un détecteur de quasi-créte (voir 7.3); ou

b)| a la limite en valeur moyenne lorsqu'un détecteur de quasizcréte est utilisé (voir 7.3).
Les limites de I'accés d’alimentation en courant continu.a basse tension spécifiées ci-apr

s'dappliqguent uniquement aux convertisseurs de puissance connectés au réseau (GCP
destinés a étre montés dans les systémes de produgetion d'énergie photovoltaique.

6.2.1.2 Plage de fréquences comprises entre 9 kHz et 150 kHz

de

un

es
C)

Dans la plage de fréquences comprisesyentre 9 kHz et 150 kHz, les limites ne sont ppgs

spicifiées.

6.2.1.3 Plage de fréquences comprises entre 150 kHz et 30 MHz

Lels limites pour les tensions™ perturbatrices aux accés d’alimentation secteur en cours

nt

alternatif a basse tension~dans la plage de fréquences comprises entre 150 kHz et 30 MHz
pdur les appareils mesurés sur un site d'essai en utilisant le réseau fictif d'alimentatipn

50 /50 uH (AMN entV)"du CISPR ou la sonde de tension du CISPR (voir 7.3.3 et la Figure
sont indiquées au Tableau 2 et au Tableau 4.

Les limites pour les perturbations conduites aux accés d’alimentation en courant continu

1)

a

basse tension dans la plage de fréquences comprises entre 150 kHz et 30 MHz pour les

aplpareils\. mesurés sur un site d'essai utilisant le réseau 150 Q du CISPR (DC-A|

N)

(voir £.3.2.3 et I'Annexe ) ou la sonde de courant (voir la CISPR 16-1-2) sont indiquées pu

Tgbleau 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
<20 kVA ¢

Puissance assignée de
>20 kVAa<75kVA @ ¢

Systémes et appareils
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
adR .\ P~ I=NAVAY adR .\ aR .\ - I=NAVAY - I=NAVAY
AV AV AV ) AV ) AV ) AV
0,15 -10,50 79 66 100 90 130 120
0,50-5 73 60 86 76 125 115
90 80
décroissant linéairement
5-30 73 60 avec le logarithme de la 115 105
fréquence jusqu’a
73 60

QO T >

N Q. =z

la fréquence de transition, la limite la plus sévére doit étre appliquée.

our les appareils de classe A destinés a étre connectés uniquement aux réseaux industriels de distributio
'énergie a neutre isolé ou mis a la terre a impédance élevée (voir I'lEC 60364*1), les limites pour les appareil
vec une puissance assignée > 75 kVA peuvent s’appliquer, quel que soit leur puissance assignée effective.

OTE La puissance d'entrée ou de sortie assignée de 20 kVA{corfespond, par exemple, a un courar
‘environ 29 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’enviro

8 A par phase dans le cas de réseaux d’alimentation triphasés,dé,200 V.

L2 =]

s p—n

Ces limites s'appliquent aux appareils de puissance assignée > 20 kVA et destinés & étre connectés a u
transformateur ou un générateur de puissance dédié, et qui ne sont pas reliés aux lignes électrique
aériennes & basse tension (BT). Pour les appareils qui ne sont pas destinés a étre connectés a u
transformateur de puissance spécifique a l'utilisdteur, les limites pour une puissance assignée < 20 kV.
s’appliquent. Le fabricant et/ou le fournisseur deivent fournir des informations sur les mesures d'installatio
qui peuvent étre utilisées pour réduire les émissions provenant de I'appareil installé. En particulier, il do
étre indiqué que cet appareil est destiné a étre connecté a un transformateur ou générateur de puissanc

dédié et non a des lignes électriques aériennes a basse tension.

Ces limites s'appliquent uniquement’aux systémes et appareils électroniques haute puissance de puissanc
assignée supérieure a 75 kVA, s'ils sent destinés a étre installés comme suit:

e l'installation est assurée. a\partir d'un transformateur ou générateur de puissance dédié, et qui n'egt

pas connecté a des lignés electriques aériennes a basse tension (BT),

e l'installation se situe_physiquement a au moins 30 m des environnements résidentiels ou en es
séparée par une structure faisant office de barriére contre les phénoménes de rayonnement,

e le fabricant _et/ou le fournisseur doivent indiquer que cet appareil satisfait aux limites de tension
perturbatrices)pour les systémes et appareils électroniques haute puissance de puissance d'entré
assignée > 75 kVA et donner des informations relatives aux mesures d'installation a appliquer p3g
I'installateur. En particulier, il doit étre indiqué que cet appareil est destiné a étre utilisé dans un
installation alimentée par un transformateur ou générateur de puissance dédié et non par des ligne

aériennes a basse tension.

Le choix de I'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assigné

définie par le fabricant.

[ D ~ 20 F 50 5

—

D

@D =W

1
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Tableau 3 — Limites de perturbations conduites des appareils de classe A, groupe 1,
mesurées sur un site d'essai (accés d’alimentation en courant continu)

Plage de [Puissance assignée Puissance assignée de Puissance assignée de
fréquences de >20kVAa<75kvAa Db >75kVA 2 b
MHz <20 kVA?2
Limites de tension Limites de Limites de Limites de Limites de courant
tension courant tension
Quasi- Valeur | Quasi- | Valeur | Quasi- | Valeur | Quasi- | Valeur | Quasi- | Valeur
créte |moyenne| créte |moyenne| créte |moyenne| créte |moyenne| créte |moyenne
dB(nV) dB(nV) | dB(nV) | dB(pnV) | dB(pA) | dB(pA) | dB(uV) | dB(nV) | dB(uA) | 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
Daps certaines plages de fréquences, les limites indiquées dans ce tableau diminuent de maniere linéaire ave¢ le|
loghrithme de la fréquence.
@ [Le choix de I'ensemble approprié de limites doit reposer sur la puissancge en courant alternatif assignée définie|
par le fabricant.
P [Ces limites s'appliquent aux appareils de puissance assignée > 20 KVA et destinés a étre installés dans|un
grand systeme de production d'énergie photovoltaique par un prfefessionnel. Dans le manuel accompagnant le

produit, le fabricant et/ou le fournisseur doivent fournir des.ihformations sur les mesures d'atténuation
peuvent étre utilisées pour réduire les émissions générées par tes appareils installés, avec pour objectif d'évjter|
les brouillages préjudiciables pour la réception radio a une.distance de 30 m de l'installation. Il doit notammlent
étre indiqué que cet appareil peut étre équipé d'un filtragesupplémentaire et que l'installation est physiquemient
séparée de plus de 30 m des environnements résidentiels. L'installateur est invité a vérifier l'installa
atténuée par rapport aux mesurages in situ de la CISPR 11 comme indiqué a I'article 6.4 de la présente Normne.

qui

ion

Tableau 4 — Limites de tensions-perturbatrices pour les appareils de classe B, groupe|1
mesurées sur un site d'essai-(accés d’alimentation secteur en courant alternatif)

Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(nV) dB(nV)

66 56
décroissant linéairement avec le décroissant linéairement avec le
0,15 — 0750 ) . . i ) . . i
logarithme de la fréquence jusqu’a | logarithme de la fréquence jusqu’3

56
0750 - 5 56 46
5-30 60 50
A lafréquence 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

He

30 MHz a 1 GHz pour les appareils de classe A et de classe B, groupe 1, sont respectivemgnt
splcifiées au Tableau 6 et au Tableau 7. Des recommandations en matiere de protection des

mesure inférieure a 10 m est autorisée uniquement pour les appareils conformes a
inition "petit matériel" donngée en 3.17.

m,
he
He

la
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Tableau 6 — Limites du rayonnement électromagnétique perturbateur pour les appareils

de classe A, groupe 1, mesurées sur un site d’essai

Distance de mesure de 10 m Distance de mesure de 3 m P

Plage de puissance assignée de puissance assignée de

fréquences <20 kVA © >20 KVA & ¢© <20 kKVA © > 20 KVA & ©

MHz Quasi-créte Quasi-créte Quasi-créte Quasi-créte

dB(uV/m) dB(uV/m) dB(uV/m) dB(uV/m)

20 220 40 ~¥a) 5O fa¥al
“o

=AY raeavy A A o

230 - 1000 47 50 57 60

Sulr un site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de/40 m

de
de
dé

A lla fréquence de transition, la limite la plus sévere doit étre appliquée.

30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur de proportionnalité inve
20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance spécifiée pour
ermination de la conformité.

se
la

Ces limites s'appliquent aux appareils dont la puissance assignée est > 20 kVA et destinés a étre utilisés st

de tiers est > 30 m. Si ces conditions ne sont pas satisfaites, les limites pour des valeurs <20 kV
s’appliquent.

La distance de séparation de 3 m s'applique uniquement aux petitsgmatériels satisfaisant au critére de taill
défini en 3.17.

Le choix de I'ensemble approprié de limites doit reposer sur\la puissance en courant alternatif assigné
définie par le fabricant.

des sites ou les appareils et les radiocommunications sensibles issues de tiers\sont distants de plus de
30 m. Le fabricant doit indiquer dans la documentation technique que cet appareil est destiné a étre utilisg
sur des sites ou la distance de séparation par rapport aux services de radiocommunications sensibles issues

r

'y

[¢]

Tableau 7 — Limites du rayonnement électromagnétique perturbateur pour les apparei

de classe B, groupe 1, mesurées sur un site d’essai

Is

Distance de mesure de 10 m Distance de mesure de 3 m @

Plage de fréquences

MHz

Quasi-créte Quasi-créte

dB(uV/m) dB(uV/m)

30 — 230 30 40
230 - 1000 37 47

Su

Al

r un site d’essai, les appareils de classe B peuvent étre mesurés a une distance nominale de 3 m ou de 10 m

a fréquence de transition, la limite la plus sévere doit étre appliquée.

La distance~de séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critére de ta
défini end3\1V7.

e

Pg

S

ur.les appareils électromédicaux destinés a étre installés de fagon permanente dans d
pal a

re

e
et

hnlacnamante hiindAc Aac dicnacitinne crrnnlAmantalrac ~ancaarnant 1o
e e eSO e eSS aiop oSO sS—Suppree it e s coneceatt—a

les conditions de charge se trouvent dans I'l[EC 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

sp

écifiées.

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

sp

écifiées.
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6.3 Appareils du groupe 2 mesurés sur un site d'essai

6.3.1 Limites des perturbations conduites

6.3.1.1 Généralités

L'appareil en essai doit satisfaire:

a) soit a la fois a la limite en valeur moyenne spécifiée pour les mesurages effectués avec un

détecteur de valeur moyenne et a la limite de quasi-créte spécifiée pour les mesurages
effectués avec un détecteur de quasi-créte (voir 7.3); ou
b)| a la limite en valeur moyenne quand un détecteur de quasi-créte est utilisé (voir 7.3).
6.3.1.2 Plage de fréquences comprises entre 9 kHz et 150 kHz
Dans la plage de fréquences comprises entre 9 kHz et 150 kHz, les limites\ne sont pps
spicifiées.
6.3.1.3 Plage de fréquences comprises entre 150 kHz et 30 MHz
Lels limites pour les tensions perturbatrices aux acces d’alimentation secteur en courgnt
alternatif a basse tension dans la plage de fréquences comprises-entre 150 kHz et 30 MHz
pdur les appareils mesurés sur un site d'essai en utilisant le réseau fictif d'alimentatipn
50 /50 puH du CISPR (AMN en V) ou la sonde de tension du.CISPR (voir 7.3.3 et la Figure(1)
sont indiquées au Tableau 8 et au Tableau 9, sauf pour I€s"\bandes de fréquences désignéges
par I'UIT figurant au Tableau 1, pour lesquelles aucunelimite ne s’applique.
Pqur le matériel de soudage électrique, les limites-du Tableau 8 ou du Tableau 9 s'appliqugnt
en mode de fonctionnement actif. En mode veillev(ou au repos), les limites du Tableau 2 pu
du Tableau 4 s’appliquent.
Pqur les dispositifs d’éclairage ISM a<fréquences radioélectriques fonctionnant dans les
bandes de fréquences ISM dédiées (definies par I'UIT au Tableau 1), les limites du Tableay 9
s'appliquent.

Tgbleau 8 — Limites de tensions perturbatrices pour les appareils de classe A, groupe|2,
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)
Plage de Puissance assignée <75 kVA b Puissance assignée > 75 kVA 2 b
fréquences Quasi-créte Valeur moyenne Quasi-créte Valeur moyenne
MHz dB(nV) dB(nV) dB(nV) dB(nV)

0,15 - 0,50 100 90 130 120
0,50%'5 86 76 125 115
90 80
décroissant linéairement avec le
o — 99U . . . ya I'To 1Uo
logarithme de la fréquence jusqu’a
73 60

A la fréquence de transition, la limite la plus sévére doit étre appliquée.

Pour les appareils de classe A avec une puissance assignée < 75 kVA destinés a étre connectés uniquement
aux réseaux industriels de distribution d’énergie a neutre isolé ou mis a la terre a impédance élevée (voir
I'lEC 60364-1), les limites définies pour les appareils du groupe 2 avec une puissance assignée > 75 kVA
peuvent s'appliquer.

a8 Le fabricant et/ou le fournisseur doivent fournir des informations sur les mesures d'installation qui peuvent
étre utilisées pour réduire les émissions provenant de I'appareil installé.

Le choix de I'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assignée
définie par le fabricant.
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NOTE La puissance d'entrée ou de sortie assignée de 75 kVA correspond, par exemple, a un courant d’environ
108 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’environ 216 A par
phase dans le cas de réseaux d’alimentation triphasés de 200 V.

Les appareils chirurgicaux a haute fréquence (HF) doivent satisfaire aux limites du Tableau 2
ou du Tableau 4, spécifiées pour les appareils du groupe 1, en mode veille. Pour les appareils
chirurgicaux a haute fréquence (HF) fonctionnant aux fréquences situées en dehors des
bandes de fréquences ISM désignées (voir Tableau 1), ces limites s’appliquent également a
la fréquence de fonctionnement et a l'intérieur des bandes de fréquences désignées. Les
mesurages correspondants doivent étre effectués dans un montage d’essai conformément a
I''EC 60601-2-2.

TJabIeau 9 — Limites de tensions perturbatrices pour les appareils de classe B, groupe| 2
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)

Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(nV) dB(u\V9)

66 56
décroissant linéairement avec le décroissantlinéairement avec le
0,15 - 0,50 ) . . T ) . . "
logarithme de la fréquence jusqu’a logarithmede la fréquence jusqu’a

56 46

0,50 -5 56 46

5-30 60 50

A la fréquence de transition, la limite la plus sévére doit étre appliquége.

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, comme
ingiqué dans le tableau approprié.

Jusqu’a 30 MHz, les limites «s'appliquent a la composante magnétique du rayonnement
électromagnétique perturbateur. Au-dessus de 30 MHz, les Ilimites s'appliquent a |la
composante d'intensité da champ électrique du rayonnement électromagnétique perturbated

-

6.3.2.2 Plage de'frequences comprises entre 9 kHz et 150 kHz

Dans la plage-de) fréquences comprises entre 9 kHz et 150 kHz, les limites ne sont pjgs
splécifiées.

6.3.2.3 Plage de fréquences comprises entre 150 kHz et 1 GHz

Squi-pour les plages de fréquences désignées qui sont indiquées au Tableau 1, les valeUrs
limites du rayonnement eleciromagnetique perturbateur dans la plage de irequences de
150 kHz a 1 GHz pour les appareils de classe A, groupe 2, sont spécifiées au Tableau 10 et,
pour les appareils de classe B, groupe 2, au Tableau 12.

Les valeurs limites indiquées aux Tableaux 10 et 12 s’appliquent a toutes les perturbations
électromagnétiques de toutes fréquences non exemptées, conformément aux dispositions du
Tableau 1, note de bas du tableau b).

Pour les équipements de soudage par résistance de classe A, les limites du Tableau 10
s’appliquent dans la plage de fréquences comprises entre 30 MHz et 1 GHz en mode de
fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6 s’appliquent.
Pour les équipements de soudage par résistance de classe B, les limites du Tableau 12
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s'appliquent en mode de fonctionnement actif. En mode veille (ou au repos), les limites du
Tableau 7 s’appliquent.

Pour le matériel de soudage a l'arc de classe A, les limites du Tableau 11 s'appliquent en
mode de fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6
s’appliquent. Pour le matériel de soudage a l'arc de classe B, les limites du Tableau 7
s'appliquent en mode de fonctionnement actif ou en mode veille (ou au repos).

Pour le matériel d’'usinage par décharges électriques de classe A, les limites du Tableau 11

S

ppliquent

Pd

ur les dispositifs d’éclairage ISM a fréquences radioélectriques fonctionnant dans les

bandes de fréquences ISM dédiées (définies par I'UIT au Tableau 1), les Jimites

T4

Pg
T4
au

De
dog

Su
10
T4

D3

dg

bleau 12 s'appliquent.

ur les appareils chirurgicaux a haute fréquence (HF), les limites du, Tableau 6 ou
bleau 7 s'appliquent. Les appareils chirurgicaux a haute fréquence (HF) doivent satisfa
X limites respectives lorsqu’ils sont soumis aux essais en mode veille:

du

du

s recommandations pour la protection de services spécifiquement liés a la sécurité sgnt

nnées dans I'Annexe E et dans le Tableau E.1.

r un site d’essai, I'appareil de classe A peut étre mesure\ad une distance nominale de 3

m ou 30 m et I'appareil de classe B a une distance<nominale de 3 m ou de 10 m (voir les

bleaux 10 et 12).

ns la plage de fréquences comprises entre, 30 MHz et 1 GHz, une distance de mesdre
inférieure @ 10 m est autorisée uniquement:spour les appareils conformes a la définiti

nnée 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
aB(RvIm) dB{nAIM) aB(nvIm) aB{RATM) aB(nvIm) aB{pATM)
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)
30 Q0
30 — 230 Déc['oissant Iinéai'rement avec I(?‘ Déc['oissant Iinéai'rement avec I?‘
logarithme de la fréquence jusqu’a logarithme de la fréquence jusqu’a
60 70
230 -1 000 60 70

Bur un site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale.de 3 m, de 10 nf
bu de 30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur 'de proportionnalitg
nverse de 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distancq
Epécifiée pour la détermination de la conformité.

La distance de séparation de 3 m s'applique uniquement aux petits matérielsvSatisfaisant au critére 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, $ Quasi-créte Valeur a Quasi-créte
moyenne moyenne
dB(uV/m) dB(uV/m) dB(nA/m)
39
Décroissant linéairemen
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_satistaire aux limites du Tableau 13 ou au moins a celles du Tableau 14 ou_pu
Tgbleau 15 (voir 'arbre de décision en 9.4.1, Figure 12).

Lels appareils d’éclairage ISM a fréquences radioélectriques fonctionnant dans les Hhandes fe
fr@quences ISM dédiées (définies par I'UIT dans le Tableau 1) doivent satisfaire soit aux
linmites de la classe B du Tableau 13, soit au minimum aux limites du Tableau 14,

Pqur les générateurs de rayonnement UV alimentés en micro-ondes, lesdimites spécifiées pu
Tgbleau 13 s'appliquent.

Dgs recommandations pour la protection de services spécifiquément liés a la sécurité sqnt
dannées dans I'Annexe E et dans le Tableau E.1.

Tableau 13 — Limites en valeur créte du rayonnementélectromagnétique perturbateu
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
D4ns les bandes de fréquences harmoniques 822@ 70
A |'extérieur des bandes de fréquences harmioniques 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 vidgo
(VBW) supérieure ou égale a 1"MHz. La largeur de bande de signal vidéo recommandée est de 3 MHz.

NOQTE Dans ce tableau,.le_terme "bandes de fréquences harmoniques" désigne les bandes de fréquences qui
sdnt des multiples des bahdes de fréquences ISM allouées au-dela de 1 GHz.

2 | Aux fréquencesdlimites inférieure et supérieure des bandes de fréquences harmoniques, la limite la plus
sévére de 704dB(nV/m) s'applique.

Dans la bande de radiodiffusion par satellite, les valeurs de perturbations mesurées ne doivent pas dépassef
73 dB(u\Vim).
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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

L¢s mesurages en valeur pondérée doivent étre effectués avec une largeur de bande de résolution de 1 MHz et
unje largeur de bande vidéo égale a 10 Hz.

Pour vérifier la conformité aux limites de ce tableau, les mesurages en valeur pondérée doivent étre ‘€ffectugs
dgns toutes les plages de fréquences suivantes, dans lesquelles la limite du Tableau 14 a été dépassée pendalnt
lefmesurage de créte:

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

b 2 505 MHz - 6 125 MHz (hors de la bande 5 720 MHz — 5 880 MHz)*;

c) 6125 MHz - 8575 MHz;

d 8 575 MHz — 11 025 MHz;

el 11025 MHz — 13 475 MHz;
f){ 13475 MHz — 15 925 MHz;
gl 15925 MHz - 17 995 MHz*.

Dans les sous-plages ou la limite du Tableau 13 a été dépassée, Un ‘mesurage en valeur pondérée doit étfe
effectué avec une largeur de bande de 10 MHz autour de la fréquence centrale ajustée en fonction de |la
frequence du niveau de perturbation le plus élevé dans la sous-plage respective.

Lorsque la fréquence de I'émission la plus élevée pendant-de mesurage de créte se rapproche de 5 MHz d
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 |
mesurages en valeur pondérée doit rester de 10 MHz“mais dans ce cas, la fréquence centrale doit étfe
ajustée de maniére a ne pas dépasser les limites de fréquence.

z

DTE Voir I'Annexe B pour des lignes directrices\supplémentaires concernant ['utilisation de I'analyseur de
spectre.

Tableau 15 — Niveau APD-durayonnement électromagnétique perturbateur
correspondant aux limjtes 10-1 pour les appareils de classe B, groupe 2,
fonctionnant a des fréquences supérieures a 400 MHz

Plage de fréquénces Limitils. pour une distance de mes‘ure_qe 3m
iveau APD correspondant a 10
o ki dB(uV/m)
1-24 70
2,5-5,725 70
5,875 - 18 70

esurages APD avec une largeur de bande de résolution de 1 MHz et une largeur de bande de signal vidé
ipérieure ou égale a 1 MHz.

w2
[e)

NOTE Un niveau APD correspondant & 10" signifie que I'amplitude de la perturbation dépasse le niveau
spécifié pendant la période d'observation avec une probabilité de 10 %.

6.4 Appareils de classe A, groupe 1 et groupe 2, mesurés in situ

6.4.1 Limites des perturbations conduites

Dans des conditions in situ, une évaluation des perturbations conduites n’est pas exigée.

6.4.2 Valeurs limites du rayonnement électromagnétique perturbateur

Les limites données au Tableau 16 s'appliquent aux appareils de classe A, groupe 1 et les
limites données au Tableau 17 s’appliquent aux appareils de classe A, groupe 2.
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Tableau 16 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe A, groupe 1, mesurées in situ

Plage de fréquences

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

Champ électrique

Champ magnétique

MHz Quasi-créte Quasi-créte 2
dB(nV/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 - 1000 37 -

o T il 2 R >-7)

la fréquence de transition, la limite la plus sévere doit étre appliquée.

i les conditions locales ne permettent pas des mesurages a 30 m, une distance plus~importante peut étr
tilisée. Dans ce cas, un facteur de proportionnalité inverse de 20 dB par décade" doit étre utilisé pou
ormaliser les données mesurées a la distance spécifiée afin de déterminer la conformité.

w

=

o

Ces limites s'appliquent en plus des limites dans la plage de fréquences comprises entre 30 MHz et 1 GHE
aux perturbations rayonnées provenant de la fréquence de fonctionnement et de ses harmoniqueq,
apparaissant dans la plage de fréquences comprises entre 150 kHz-et 30 MHz, provoquées par le
appareils de classe A, groupe 1, installés avec une puissance assignée dépassant 20 kVA. Si le niveau d
bruit ambiant dépasse les limites ci-dessus, les émissions de I'appareil en essai ne doivent pas augments

ce seuil de bruit de plus de 3 dB.

= 0
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Tableau 17 — Limites du rayonnement électromagnétique perturbateur

pour les appareils de classe A, groupe 2, mesurées in situ

Limites pour une distance de mesure D en m a partir
du mur extérieur du batiment
Plage de fréquences
Champ électrique Champ magnétique
MHz Quasi-créte Quasi-créte
dB(pnV/m) dB(uA/m)
0,15 - 0,49 - 23,5
0,49 — 1,705 = 13,5
1,705 — 2,194 - 18,5
2,194 - 3,95 - 13,5
3,95 - 20 - -1,5
20 - 30 - -11,5
30 — 47 48 N
47 - 53,91 30 -
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 _
Alla fréquence de transition;a limite la plus sévére doit étre appliquée.
Pqur les appatreils du groupe 2 mesurés in situ, la distance de mesure D, a partir du mur
extérieur du-batiment dans lequel se trouve I'appareil, est égale a (30 + x/a) m ou 100 m selpn
la|distancela plus petite, a condition que la distance de mesure D soit située dans les limites
des locaux. Si la distance D calculée est située hors des limites des locaux, la distance fe
mesdre D est égale a x ou a 30 m, selon la valeur la plus grande.

Pour le calcul des valeurs ci-dessus:

x est la distance la plus courte entre le mur extérieur du batiment dans lequel se trouve
I’appareil et la limite des locaux de l'utilisateur pour chaque direction de mesure;

a = 2,5pour les fréquences inférieures a 1 MHz;
a =4,5pour les fréquences supérieures ou égales a 1 MHz.
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7 Exigences de mesure

7.1 Généralités

Les exigences spécifiées dans le présent article, avec les limites indiquées a I'Article 6,
constituent les exigences de compatibilité électromagnétique (CEM) essentielles de la
présente Norme. Pour les mesurages réalisés sur les sites d'essai (voir I'Article 8), la
vérification de la conformité d'un type donné d'appareil a ces exigences CEM essentielles
permet de les définir en essais de type.

Lels exigences liées aux mesurages sur ces sites d'essai sont des exigences d'essai de.type.
Un essai de type peut étre reconnu comme une homologation si les conditions en_matigre
d'evaluation statistique des résultats de mesure selon I'Annexe H sont satisfaites.

Lels appareils de classe A peuvent étre mesurés soit sur un site d'essai, soitdnsitu, comme
indliqué par le fabricant. Les appareils de classe B doivent étre mesurés sur un site d'essai.

Dgs exigences spécifiques en matiére de mesurages sur un site d'eSsai sont données| a
I'Article 8 et a I'Article 9 et, pour les mesurages in situ, a I'Article 10.

Lels exigences du présent article sont a satisfaire tant pour les miesurages sur un site d'essai
que pour les mesurages in situ.

Les mesurages sont seulement nécessaires dans les plages de fréquences dans lesquelles
les limites sont spécifiées a I'Article 6.

Legs composants ou sous-assemblages pour des<appareils ou systémes de niveau supérigur
destinés a étre assemblés sur leur lieu de fenctionnement respectif uniquement peuvegnt
édgalement étre soumis a essai selon les exigences de la présente Norme. Pour les besoihs
del I'essai dans le cadre de la présente Norme, ces composants ou sous-assemblages doivent
étre considérés comme des appareils “autonomes. Les composants ou sous-assemblages
pdur lesquels la conformité aux exigences pertinentes ne peut pas étre démontrée lors della
mesure sur un site d'essai peuvent €galement étre évalués in situ au moment de l'installatipn
dans le systéme de niveau supérieur, auquel cas les dispositions de 6.4 doivent s'appliquer

NQTE 1 Les environnements c¢onsidérés dans la présente Norme sont des environnements résidentigls,
commerciaux ou industriels (vdir I'TEC 61000-2-5 [11])2. La satisfaction de I'appareil aux exigences de la présepte
Nofme permet son fonctionpemgnt et son utilisation dans ces environnements sans risque important de brouilldge
radioélectrique. D'autres normes de produit IEC peuvent également permettre de soumettre a des essais |de
copformité les composanis.ou sous-assemblages de systémes de niveau supérieur, mais elles prennent en compte
d'autres environnements)que ceux spécifiés dans I'lEC 61000-2-5 [11]. Il revient au fabricant de choisir la présepte
Nofme ou une autresnorme de produit IEC appropriée pour soumettre les composants ou sous-assemblages a des
esgais de conformité:

NQTE 2 1l s'agit, par exemple, mais sans toutefois s'y limiter, de convertisseurs de puissance utilisés pour| la
prqduction ‘décentralisée et I'alimentation en énergie électrique des réseaux d'alimentation en courant alternatif a
bagse tension ou des installations ou, grace a leur transformateur dédié, de réseaux de distribution de puissarnce
mdyenne tension, mais également de sous-assemblages électriques de puissance destinés a alimenter Jes
systemes de niveau supérieur en énergie provenant des réseaux secteur en courant alternatif 8 basse tensibn.

7.2 Bruit ambiant

Un site d'essai pour les essais de type doit permettre de faire la distinction entre les
émissions de l'appareil en essai et le bruit ambiant. Dans cette optique, il est possible de
déterminer si le site d'essai est approprié en mesurant les niveaux de bruit ambiant sans faire
fonctionner l'appareil en essai et en s'assurant que ces niveaux de bruit ambiant sont au
moins de 6 dB au-dessous des limites spécifiées en 6.2 ou 6.3 selon le cas. Des informations

2 Les chiffres entre crochets renvoient a la Bibliographie.
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supplémentaires relatives aux essais de conformité en présence de bruit ambiant sont
données dans la CISPR 16-2-1:2014, 6.2.2 et la CISPR 16-2-3:2010, 6.2.2.

Il n'est pas nécessaire de réduire le niveau de bruit ambiant a 6 dB au-dessous de la limite
spécifiée lorsque la combinaison du bruit ambiant et des émissions de I'appareil en essai ne
dépasse pas la limite spécifiée. Dans ces conditions, I'appareil en essai est considéré comme
satisfaisant a la limite spécifiée.

Dans le cadre des mesurages des perturbations radioélectriques conduites, les émissions
locales de radio peuvent augmenter le niveau de bruit ambiant a certaines fréquences. Un
filtlre de radiofréquences adapté peut étre inséré entre le réseau fictif (AMN en V et/ou D[C-
AN) et l'alimentation secteur en courant alternatif de laboratoire respective ou la_source
d'alimentation en courant continu, ou les mesurages peuvent étre effectués dans upe
enceinte blindée. Il convient que les composants formant le filtre de radiofréquences soignt
enfermés dans un écran métallique directement connecté a la terre de référencé\du systéme
del mesure. Les exigences pour I'impédance du réseau fictif doivent étre satisfaites, a|la
frdquence de mesure, lorsque le filtre de radiofréquences est connecté.

Si| lors du mesurage des perturbations radioélectriques rayonnées, 4es' conditions de brjit
ambiant de 6 dB ne peuvent pas étre satisfaites, I'antenne peut étre_placée plus proche fe
I’gtapareil en essai que la distance spécifiée a I'Article 6 (voir 8.3.4).)D'autres conseils relatjfs
aux conditions de mesure en cas de niveau élevé de bruit ambiantsont donnés a I'Annexe (.

7.3 Appareil de mesure

7.3.1 Instruments de mesure
Lels récepteurs dotés de détecteurs de quasi-créte_ doivent étre conformes a la CISPR 16-111.
Less récepteurs dotés de détecteurs de valéur moyenne doivent étre conformes a |la

CISPR 16-1-1.

NQTE 1 Les deux détecteurs peuvent étre incorporés dans un seul récepteur et les mesurages peuvent ftre
réglisés en utilisant alternativement le détecteur-de quasi-créte et le détecteur de valeur moyenne.

NQTE 2 Le détecteur de valeur moyenne)de la CISPR 16-1-1 est souvent appelé "CISPR-Average" (Moyenpe-
CI$PR). Il s'agit de souligner que le détecteur de valeur moyenne utilisé dans le détecteur CISPR permet d'obtgnir
un|résultat de mesure équivalent aiJaNecture de valeur de créte d'un appareil de mesure avec une constante|de
temps telle que définie dans la CISRR 16-1-1.

Le récepteur de mesure\utilisé doit étre utilisé de sorte que la variation de la fréquence della
perturbation en cours’de’mesure n'affecte pas les résultats.

NQTE 3 Des appareils de mesure présentant d'autres caractéristiques de détection peuvent étre utilisés| a
condition de pouvair-prouver que le mesurage des valeurs de perturbation est le méme. L’attention est attirée sur
la |commodité~de~I'emploi d'un récepteur panoramique ou d'un analyseur de spectre, particuliérement si|la
fréguence defonctionnement des appareils en essai change notablement pendant le cycle de fonctionnement.

Pqur £&viter que I'appareil de mesure indique de fagon erronée une non-conformité aux limites,
le | récepteur de mesure doit étre accordé sur une fréquence suffisamment éloignée des
exiremités d'une des bandes ISM deésignées, pour que les fréequences delimitant la bande
a 6 dB du récepteur restent en dehors de cette bande désignée.

Lors des mesurages réalisés sur des appareils a puissance élevée, il convient de veiller a ce
que les caractéristiques de blindage et de réjection des fréquences parasites du récepteur de
mesure sont adéquates.

Pour les mesurages aux fréquences supérieures a 1 GHz, un analyseur de spectre aux
caractéristiques telles qu’elles sont définies dans la CISPR 16-1-1 doit étre utilisé.

Les précautions qui peuvent étre prises lors de l'utilisation d'un analyseur de spectre sont
indiquées a I'Annexe B.
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7.3.2 Réseau fictif (AN)

7.3.21 Généralités

15

Le réseau fictif (AN) est exigé pour fournir une impédance de charge définie pour 'accés
d’alimentation secteur en courant alternatif ou I'accés d’alimentation en courant continu en
essai de l'appareil en essai (EUT) aux fréquences radio au point de mesure. Le réseau fictif
assure également l'isolation de I'appareil en essai en fonction du bruit ambiant sur les lignes
électriques en courant alternatif ou en courant continu respectives.

7.

Le

a

95 Rs fretif-dati tartiom (AN

basse tension doit étre effectué en utilisant le réseau fictif d'alimentation (AMN en

comme spécifié dans la CISPR 16-1-2.

7.

Le

te

8.2.3 Réseau fictif en courant continu (DC-AN)

sion doit étre effectué en utilisant le réseau en triangle fictif d'alimentation 150 Q spéci

en 4.7 de la CISPR 16-1-2:2014 (voir aussi la CISPR 16-1-2:2014, ,Figure A.2) ou le rése
fictif en courant continu 150 Q spécifié a I'Annexe | de la présente Norme. Pour simplifier

fo

d’alimentation en courant continu a basse tension est appelé ultérieurement DC-AN.

7.

La

dl
e

8.3 Sonde de tension

tre chaque ligne et la terre de référence_choisie (plaque métallique, tube métallique).

sonde est composée essentiellement d'un~condensateur de découplage et d'une résistan

tel

I'e
pr

mesurage de tensions perturbatrices aux accés d’alimentation secteur en courant alterngtif

V)

mesurage de tensions perturbatrices aux accés d’alimentation en coutant continu a basse

fie
au
la

mulation, l'un de ces réseaux destinés a étre utilisés avec les mesurages aux accges

sonde de tension représentée a la Figure iCdoit étre utilisée lorsque le réseau figtif
limentation (AMN en V) ne peut pas étre utilisé. La sonde est connectée successivemgnt

| a

le que la résistance totale entre la ligne et la terre soit au moins de 1 500 Q. L'effet qur
kactitude de mesure du condensateur ou de tout autre dispositif qui peut étre utilisé pdur
btéger le récepteur de mesure contre les courants dangereux doit étre soit inférieur a 1 dB,

sofit pris en compte dans I'étalonnage. La sonde de tension doit satisfaire aux exigencges
splécifiées a I'Article 5 de la CISPR 16-1-2:2014.
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Mains supply
C —— X;<<15000Q
(1500-R)Q
|
X1>>R R / Measdring set
IEC
Anglais Francgais
Mdins 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

Dans la plage de fréquences.inférieures a 30 MHz, I'antenne doit étre une boucle telle que
splécifiée dans la CISPR 16-1-4. L'antenne doit étre soutenue dans le plan vertical et pouvpir
piyoter sur un axe vertical/ Le point le plus bas de la boucle doit étre a 1 m au-dessus fdu
niyeau du sol.

7.3.4.2 Plage de fréquences comprises entre 30 MHz et 1 GHz

Dans la plage~de fréquences comprises entre 30 MHz et 1 GHz, I'antenne utilisée doit éfre
telle que‘spécifiée dans la CISPR 16-1-4. Les mesurages doivent étre réalisés pour |la
palarisation horizontale et verticale. Le point de I'antenne le plus prés du sol ne doit pas é{re
a ||noins 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 relieée a une borne (borne M) d'un
dﬂ)éle RC composé d'un condensateur de 220 pF + 20 % en série avec une résistance’ fde
510 Q + 10 % (voir la Figure 2). L'autre borne de ce dip6le RC doit étre reliée a la‘terre pe
référence du systéme de mesure (voir la CISPR 16-1-2). Le dipble RC de la mainvartificielle
peut étre inséré dans I'enveloppe du réseau fictif d'alimentation.
M

220 pF £ 20 %

? 510 Q10 %

IEG.
Figure 2 — Main artificielle, dip6le RC

7.4 Mesurage de fréquence

En ce qui concerne les appareils prévus pour fonctionner a une fréquence fondamentale
située dans l'une des bandes désignées dans la liste du Tableau 1, la fréquence doit é{re
vérifiée avec un appareil de mesure.présentant une erreur inhérente de mesure inférieure pu
égale a 1/10 de la tolérance admise pour la fréquence centrale de la bande désignée. La
fr§quence doit étre mesurée. pour toutes les valeurs de la charge a partir de la puissance|la
pllis faible normalement utilisee jusqu'a la puissance maximale.

7.3 Configuration-des appareils en essai
7.5.1 Généralités

Lel niveau desperturbation doit étre augmenté au maximum en faisant varier la configuratipn
deis apparegils, en restant compatible avec les applications typiques de I'appareil en essai. Un
exemple“de montage classique pour les mesurages des perturbations rayonnées a partir d'un
appareillen essai (EUT) de table est donné a la Figure 3. La disposition de mesure doit é{re
typique d'une opération normale d'installation et centrée sur I'axe vertical du plateau tournant.

NOTE 1 La souplesse inhérente a chaque installation particuliere détermine la mesure dans laquelle le présent
paragraphe s'applique au mesurage d'une installation in situ. Les dispositions du présent paragraphe sont
applicables aux mesurages in situ, dans la mesure ou une installation particuliére permet de faire varier la position
des cables, de faire fonctionner différentes unités indépendamment les unes des autres a lintérieur de
I'installation, de faire varier la position de l'installation a I'intérieur des locaux, etc.

Pour le mesurage des perturbations rayonnées avec une distance de séparation de 3 m,
I’évaluation du rayonnement émis par le cablage de I'appareil en essai doit étre limitée aux
parties des cables de raccordement (voir 7.5.2) et aux cébles d’alimentation (voir 7.5.3) qui
sont a l'intérieur du volume d'essai de 1,2 m de diamétre par 1,5 m de hauteur au-dessus du
sol. Les appareils périphériques qui n’entrent pas dans le volume d’essai doivent étre exclus
des mesurages ou découplés de I'environnement d’essai.
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NOTE 2 L'évaluation des rayonnements peut étre limitée aux parties de cable se trouvant a l'intérieur du volume
d'essai en plagant, par exemple, des dispositifs d'absorption de mode commun (CMAD) au niveau des céables, a
I'endroit ou ils sortent du volume d'essai. La CISPR 16-2-3 donne des lignes directrices supplémentaires relatives
a l'application de dispositifs d’absorption de mode commun (CMAD).

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

B: excess cable length bundle

between 30 cm and 40 cm
in length

the volume \

P: Spacing between
the enclosures
should be20,1m

Peripheral
2

EUT1 EUT 2

3

Pdripheral only
inftest volume

<

Antenn@_reféren

point
Cable bundles should be arranged
in the middle of the cable.

Sections of interconnecting cables

]

- / ~ D
if fcable \ > hanging over the table are spaced at
cannot be NG / a distance of 0,4 m above the ground
extended to \
plane.

ruh out of test ’
vdlume (e.g.
pgripheral 2).

Test volume for

small equipment

. L:(3,0+01)m
(1,2+0,1)m
N " L = measuring distance
Anglais Frangais

Caple leaving the test volume run vertically down
towards the floor within the test volume of (1,2

+ (,1) m diameter times (1,5 £ 0,1) m height.
Regptriction of radiation to the cable fractions.inside
thg test volume is achieved by using e.g. a.CMAD at
theg position where they leaves the volume.

Le céable sortant du volume d’essai est placé verticalemgnt
vers le sol a I'intérieur du volume d’essai de (1,2 + 0,1) m
de diametre par (1,5 + 0,1) m de hauteur. Le rayonnemept
peut étre limité aux parties de cable se trouvant a
I'intérieur du volume d'essai en plagant, par exemple, de
dispositifs d'absorption de mode commun (CMAD) au
niveau des cables, a I'endroit ou ils sortent du volume
d'essai.

w

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

B: entre 30 cm et 40 cm de longueur de cable en trop

enna reference point

Point de référence d’antenne

:lspacing between the enclosures should be > 0,1

D: 1l convient que les enceintes soient séparées de > 0,1 m

Caple bundles_should be arranged in the middle of
thg cable

Il convient de disposer les faisceaux au milieu du cable

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

Périphérique uniquement dans le volume d’essai si le
cable ne peut pas étre étendu pour sortir du volume

d'essai (peripnerique Z, par exempie)

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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L (1,2£0,1) m =|<;L: (3001 m Ar;tenna
| H] e
RS L = measuring distance

r

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

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

|
|
Cable bundles are | inlength.
arranged in the middle I \
of the cable. :
|

EUT2

Ap

' oSittoning tabte ]
£ Peripheral n~ : C | accordance CISPR 161 -}.
; A ’ I
+l T T |
0 | 0 I
= : : __//L Cables leaving the test'volume
Pdripheral only in test c I 4__/1‘/ 1
viume if cable = I i |
cannot be extended to S : ! |
ruh out of test volume o i g L |
(elg. peripheral 2). ;1 : ] -LO » i Mains I
el peripheral 1: cable ) I cMAD: “common-mode
| 0 I absorption device
| ! | CMAD:l — |
Groundplane
IEC
Anglais Frangais
B: pxcess cable length bundle between 30 cm and 40 | B: entre 30 em, et 40 cm de longueur de cable en trop
cm|in length
Anfenna reference point Point detréférence d’antenne
D: |spacing between the enclosures should be > 0,1 D:Jl convient que les enceintes soient séparées de > 0,1 m
m
Caple bundles are arranged in the middle of the Les faisceaux sont disposés au milieu du cable
cable
A positioning table in accordance CISPR 16-1~4 Table de positionnement conforme a la CISPR 16-1-4
Pefipheral only in test volume if cable cannot be Périphérique uniquement dans le volume d’essai si le
exfended 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)

To|peripheral 1 Vers le périphérique 1
Mains cable Cable d’alimentation
L=|measuring distance L = distance de mesure

Caples leaving the _test volume

Cable sortant du volume d’essai

Inmon-mode absorption device

Dispositif d’absorption de mode commun

bundplane

Plan de masse

Figure 3b

— Vue de coté

Figure 3 — Exemple de disposition de cable classique pour les mesurages des

perturbations rayonnées a une distance de séparation de 3 m, EUT de table

Un exemple de montage d'essai unifié classique pour un appareil au sol adapté au mesurage
des perturbations conduites et rayonnées est présenté a la Figure 4. D'autres exemples de

dispositions classiques de

Cl

'EUT et
SPR 16-2-3 et la CISPR 16-2-1.

périphériques associés sont

donnés dans

la
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0, - 2 ~ AE
To power 3
supply / N
AE )

[

interconnecting cablg:

AMN CMAD Special eartiing
terminal
1C

Anglais Frangais
Nop-conductive support Support non conducteur
Typical spacing Espacement classique
To|power supply/AE Vers I'alimentation électrique/AE
Indulation Isolation
Spgcial earthing terminal Borne de terre particuliere
interconnecting cables cables de raccordement

Higure 4 — Exemple de montage d'essai classique pour le mesurage des perturbations
conduites(et/ou rayonnées d'un EUT posé au sol, vue 3D

La configuration de |’appareil en essai doit étre documentée avec précision dans le rapport
d'g¢ssai.

7.5.2 Cablés-de raccordement

Le présent/paragraphe s'applique aux appareils dans lesquels diverses parties sqgnt
ragccordées par des cables ou aux systémes dans lesquels plusieurs composants sgnt
in11erconnectés.

NOTE 1 Le respect de toutes les dispositions du présent paragraphe permet l'application des résultats d'une
évaluation a plusieurs configurations de systéme utilisant les mémes types d'appareils et de cébles a I'exclusion de
tout autre, chaque configuration de systéme étant en effet un sous-systéme de celui qui est évalué.

Les cables de raccordement doivent étre du type et de la longueur spécifiés dans les
exigences applicables aux appareils individuels. Si la longueur peut varier, elle doit étre
choisie de maniére a générer I'émission maximale lors des mesurages d'intensité de champ.

Si des cables blindés ou spéciaux sont utilisés pendant les essais, cela doit étre spécifié dans
le manuel d'instructions.

Le raccordement des cables de signaux, a I’exception de ceux fournis par le fabricant, n’est
pas exigé pendant les mesurages d'émission a fréquences radioélectriques des appareils
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d'essai et de mesure portables, groupe 1 ou ceux destinés a étre utilisés dans les laboratoires
et mis en ceuvre par des personnes compétentes. Il s'agit, par exemple, des générateurs de
signaux, des analyseurs de réseaux, des analyseurs logiques et des analyseurs de spectre.

Les longueurs de cables en trop doivent étre rassemblées au centre approximatif du cable en
faisceaux de 30 cm a 40 cm de longueur. S'il s'avére impossible de procéder de la sorte, la
disposition du cable en trop doit étre indiquée avec précision dans le rapport d'essai.

Dans les cas ou il ya des bornes dlnterface multlples toutes du meme type il suffit de

e les cables supplementalres n'affectent pas les resultats d'une maniére significative.

Un ensemble de résultats doit étre accompagné d'une description compléte de larientatipn
des appareils et des cables pour que ces résultats puissent étre répétés. Les "éventuelles
conditions d'utilisation doivent étre spécifiées, documentées et incluses dans le manuyel
d’utilisation.

Si[un type d'appareil donné peut exécuter séparément une fonction) parmi d'autres, lefit
appareil doit étre soumis aux essais pendant I'exécution de chdeune de ces fonctions.
S'agissant des systémes qui peuvent inclure un certain nombre dé composants différents, un
exemplaire de chaque type de composant intégré a la configuration du systéme doit éfre
in¢lus dans I'évaluation.

Un systéme comportant un certain nombre de composants identiques, mais dont I'évaluatipn
a gté effectuée au moyen d'un seul de ces composants, n'exige pas d'autre évaluation|si
I'évaluation initiale s'est avérée satisfaisante.

NQTE 2 Cela est possible parce qu'il a été constaté.\qu'en pratique, les émissions provenant de modujes
identiques ne s'ajoutent pas.

Ldrs de I'évaluation d'un appareil en interaction fonctionnelle avec d'autres appareils pqur
former un systéme, |I'évaluation peut étre effectuée soit en utilisant des appareﬂs
complémentaires pour représenterslensemble du systéme, soit avec des simulateurs. Danhs
le$ deux cas, lors de I'évaluation'dé I'appareil en essai, on doit veiller a ce que les effets du
reste du systéme ou des simulateurs satisfassent aux conditions de bruit ambiant spécifiées
en 7.2. Un simulateur utilisé.a"la place d'un appareil réel doit représenter correctement les
caractéristiques électriques—et, dans certains cas, les caractéristiques mécaniques (e
l'interface, particulierement en ce qui concerne les impédances et les signaux a fréquences
ragdioélectriques, ainsi-que les types et les configurations des cables.

NQTE 3 Cette procedure est exigée pour faciliter I'évaluation des appareils combinés avec d'autres appargi
prqvenant de fabfigants différents pour constituer un systéme.

S

=

7.5.3 Raccordement au réseau d'alimentation électrique sur un site d'essai

7.9.341 Raccordement au réseau d'alimentation en courant alternatif de laboratoire

7.5.3.1.1 Generalites

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

Sijun cable d'alimentation est spécifié dans les instructions d'installation du fabricant, upe
lopgueur de 1 m du type spécifié doit étre connectée entre I'unité d'essai et l€ réseau figtif
d'alimentation.

Les connexions de terre, éventuellement nécessaires pour des raisons.de sécurité, doivent
étre connectées au point "de terre" de référence du réseau fictif d'alimentation et, si elles pe
sont pas fournies ou sont spécifiées de fagon différente par le fabricant, doivent étre de 1[m
et|placées paralléelement au conducteur d'alimentation a une distanece maximale de 0,1 m.

Legs autres connexions de terre (prévues pour la compatibilité électromagnétique, par
exemple) qui sont spécifiées ou fournies par le fabricant pour le raccordement a la méme
borne que celle prévue pour la connexion de terre>de sécurité, doivent étre égalemgnt
connectées a la terre de référence du réseau fictif d'alimentation.

Legs accés d’alimentation en courant alternatif “a basse tension auxiliaires doivent éfre
connectés au réseau d'alimentation en courant alternatif de laboratoire via un ou plusieyrs
réseaux fictifs d'alimentation (AMN en V) comme spécifié en 7.3.2.2.

=4

Si[l'appareil en essai est un systéme comportant plusieurs unités, chacune étant munie fde
son propre cordon d'alimentation; e point de connexion du réseau fictif d'alimentation gst
déterminé d'apres les régles suivantes:

a)| chaque cable d'alimentation terminé par une prise d'alimentation réseau de mod¢gle
normalisé (selon I'lEC(60083, par exemple) doit étre soumis aux essais séparément;

b)[ les bornes ou cébles d'alimentation non spécifiés par le fabricant comme devant éfre
connectés a une\audtre unité du systéme pour les besoins de I'alimentation réseau doivgnt
étre soumis aux-essais séparément;

c)| les bornes{ou cables d'alimentation spécifiés par le fabricant comme devant éfre
connectés'a une autre unité du systéeme pour les besoins de I'alimentation réseau doivent
étre eonnectés a cette unité, les bornes ou les cables d'alimentation de cette unité étgnt
connéctés au réseau fictif d'alimentation;

d)| s un raccordement spécial est spécifié, le matériel nécessaire pour procéder pu
raccordement doit étre utilisé pendant I'évaluation de I'appareil en essai.

7.5.3.1.3 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
pour le mesurage des perturbations rayonnées dans la plage comprise
entre 30 MHz et 18 GHz

Le raccordement au réseau d'alimentation électrique du laboratoire peut étre assuré avec ou
sans l'aide d'un réseau fictif d'alimentation alloué a I'intérieur de I’environnement d'essai (voir
la Figure 4). Pour les dispositions de mesure n'incluant pas de réseau fictif d'alimentation, la
mise a la masse et la mise a la terre de I'appareil en essai (EUT) doivent étre assurées par le
respect des principes définis en 7.5.3.1.2, dans la mesure du possible.

Si les dispositions de mesure n'incluent pas de réseau fictif d'alimentation, il n'est pas utile de
regrouper les longueurs en trop de cable d'alimentation ni de les allouer a l'intérieur du
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volume d'essai. Elles peuvent étre placées ailleurs a l'extérieur du volume d'essai ou de
I'environnement d'essai. Pour le découplage du rayonnement a partir de ces longueurs de
cable en trop, il est toutefois recommandé de veiller a terminer ces cables d'alimentation a
I'endroit ou ils sortent du volume d'essai. Pour ce découplage, il est recommandé d'utiliser
des dispositifs d’absorption de mode commun (CMAD). Pour les mesurages avec une
distance de séparation de 3 m, ce découplage est obligatoire (voir 7.5.1).

7.5.3.2 Raccordement a I'alimentation en courant continu de laboratoire ou a une
autre source d'alimentation en courant continu

Si[Tes mesurages sont realiSes sur un site dessal, le reseau en courant continu fictit 150| Q
(DIC-AN) spécifié en 7.3.2.3 est a utiliser chaque fois que cela est possible. L'enveloppe du
réseau DC-AN doit étre placée de sorte que sa surface la plus proche se trouve a Q/8*m pu
moins du périmeétre le plus proche de I'appareil en essai.

Si[le réseau DC-AN fait office de sonde de tension, I'accés d’alimentation en courant contipu
en essai de l'appareil en essai (EUT) doit étre découplé de la sourcend'alimentation gn
colurant continu a l'aide de dispositifs de découplage de mode commun.adaptés (tubes He
ferrite, dispositifs d’absorption de mode commun (CMAD) ou dispgsitif'de couplage et fe
délcouplage) comme indiqué en 6.2.4 de I'lEC 61000-4-6:2013 et qui-sont a fixer ou insérer
ddns le cable d'alimentation en courant continu raccordant la source’d'alimentation en courgnt
continu a la disposition de mesure de I'EUT (voir également da* Figure 7, la Figure 8 et|la
Figure 9 en 8.2.2.2.3). Si un dispositif de couplage et de décuplage conforme a I'lEC 61000-
4-6 est utilisé pour le découplage, son accés d’entrée~de puissance RF ne doit pas ge
terminer par une charge résistive de 50 Q

Le raccordement est a effectuer a une source d'alimentation en courant continu approprige.
Le tension de sortie en courant continu de céfte source d'alimentation doit pouvoir éfre
ajiistée pour fournir un niveau de tension dans:la plage de fonctionnement assignée pour|le
ty;te respectif d'appareil en essai.

NQTE 1 Pour l'alimentation de I'accés d’alimentation en courant continu en essai de I'appareil en essai, yne
sojyirce d'alimentation en courant continu _de€ laboratoire dédiée, des (ensembles de) batteries appropriées |ou
d'autres sources d'énergie en courant continu comme par exemple, les modules de piles a combustible, peuvgent
étrp utilisées, a condition qu'elles garantissent la tension, le courant continu(e) et stable, etc. nécessaire pour |es
convertisseurs de puissance dans «des conditions de fonctionnement de sortie assignées, pendant tout|le
mesurage.

Il convient de préter une ‘attention particuliére lors de la sélection de la source d'alimentatipn
en courant continu de'laboratoire et de son installation dans la disposition de mesure. Il gst
recommandé de sélectionner et d'installer uniguement une source d'alimentation en courant
continu qui garantit une bonne isolation galvanique et également un découplapge
rafioélectrique suffisant des deux bornes d'alimentation en courant continu du plan de masfse
de référencede laboratoire. Les condensateurs de découplage internes aux bornes defla
source dialimentation en courant continu utilisés pour la suppression interne dgs
perturbations non symétriques peuvent fournir une dérivation intempestive pour I'impédangce
de charge 150 QO de mode commun du DC-AN utilisé pour les mesurages. Ceci pegut
provoquer des effets de saturation dans le filtre d'atténuation du convertisseur de puissance
en essai, en particulier a la fréquence de fonctionnement (c’est-a-dire la fréquence de
commutation) du convertisseur de puissance et de ses harmoniques, qui sont généralement
alloués dans la plage comprise entre 2 kHz et environ 20 kHz. Les filtres d'atténuation saturés
entrafnent cependant des résultats de mesure incorrects et invalides, car le convertisseur de
puissance n'est pas utilisé comme prévu, pendant les mesurages. Pour des lignes directrices
concernant la prévention des effets de saturation causés par la configuration du site d'essai,
voir les informations a I'"Annexe K.

Lorsqu'un type particulier de cable d'alimentation en courant continu est spécifié dans les
instructions d'installation du fabricant, il doit étre utilisé pendant les essais.
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Pour les essais, une longueur de cable la plus courte possible doit étre raccordée entre
I'appareil en essai et le DC-AN en respectant la proximité des conditions aux limites définies
ci-dessus.

Si l'appareil en essai est doté de plusieurs accés d’alimentation en courant continu de méme
type, le nombre d’accés d’alimentation en courant continu nécessaires pour faire fonctionner
I'appareil a sa puissance assignée doit étre connecté au DC-AN pour les mesurages. Tous les
autres accés d’alimentation en courant continu doivent étre terminés avec une impédance de
charge de mode commun 150 Q appropriée. Plusieurs accés connectés de maniéere
galvanique en paralléle (comme les barres omnibus ou bandes pour la connexion a plusieurs
céples) sont considérés représenter un seul acces.

NQTE 2 Pour ces autres terminaisons, n'importe quel dispositif approprié peut étre utilisé. Cela idclut, par
exemple l'utilisation d'autres réseaux 150 Q conformes a la CISPR 16-1-2, d'autres DC-AN comMme spéc|fié
en|7.3.2.3 ou également I'utilisation de dispositifs de couplage et de découplage 150 Q@ (CDN) comme défini dans
I''HC 61000-4-6.

Les acces d’alimentation en courant continu auxiliaires doivent étre connectés a une source
d'alimentation en courant continu de laboratoire séparée ou une batterige/~via une impédance
del charge de mode commun 150 Q appropriée.

NQTE 3 Si une source d'alimentation en courant continu de laboratoire séparée, connectée au secteur, pst
utilisée, il peut alors étre approprié d'insérer également un autre filtre EMl_dans la connexion a cette soufce
d'alimentation. Les schémas illustrant des montages adaptés pour le site d'eSsai figurent a I'Annexe J.

7.6 Conditions de charge des appareils en essai
7.6.1 Généralités

Les conditions de charge des appareils en essai sont spécifiées dans le présent paragraphe.
Les appareils non couverts par le présent pafagraphe sont a utiliser de maniére a optimiger
les perturbations engendrées tout en .se conformant aux procédures normales (e
fonctionnement telles qu'elles sont définie€s dans le manuel d'utilisation des appareils.

7.6.2 Appareils médicaux

7.6.2.1 Appareils de thérapie utilisant les fréquences comprises entre 0,15 MHz et
400 MHz

Tdus les mesurages doivent étre réalisés dans les conditions de fonctionnement indiquéges
dgns le manuel d'utilisation de I'appareil. Le circuit a utiliser en sortie pour charger I'apparkil
dépend de la nature.des électrodes avec lesquelles il est a utiliser.

Pqur les appareils a électrodes de type capacitif, une charge fictive doit étre utilisée pour les
mesurages. ba Figure 5 montre la disposition générale a respecter. La charge fictive doit é{re
esisentiellement résistive et étre capable d'absorber la puissance assignée de sortie maximale
de I'appareil.

Les deux bornes de la charge fictive doivent étre situées aux extrémités opposées de la
charge et chaque borne doit étre reliée directement a un plateau métallique circulaire ayant
un diametre de (170 + 10) mm. Les mesurages doivent étre effectués avec tous les cables de
sortie et électrodes capacitives fournis avec l'appareil. Les électrodes capacitives sont a
disposer aux extrémités de la charge fictive, parallélement aux plateaux métalliques
circulaires, leur espacement étant ajusté de maniére a générer la puissance dissipée
appropriée dans la charge fictive.
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Horizontal load Vertical load
IEC
E ¥ bras des électrodes et cables
L § charge fictive
Anglais Frangais
Elgvation Elévation
Plgne Plan
Hofizontal load Charge horizontale
Vertical load Charge vérticale
Figure 5 — Appareils médicaux (type“capacitif): disposition
de l'appareil et de la(charge fictive
Legs mesurages doivent étre effectués en plagant la charge fictive en position horizontale |et
en| position verticale (voir Figure 5). Dans_chaque cas, lors des mesurages du rayonnemegnt

électromagnétique perturbateur, I'ensemble comprenant I'appareil, les cébles de sortie, les
électrodes capacitives et la charge fictive doit étre pivoté autour de son axe vertical, afin e
pduvoir mesurer la valeur maximate du champ rayonné.

NQTE Les montages de lampes suivants se sont avérés satisfaisants pour soumettre aux essais de nombrgux
types d'appareils dans la plage dé puissances d’essai:

a) | puissance de sortie nominale-100 W a 300 W:

quatre lampes 110 V/60(W)en parallele ou cinq lampes 125 V/60 W en paralléle;

~

b) | puissance de sortie-ngminale 300 W a 500 W:

quatre lampes 125 V/100 W en parallele ou cing lampes 150 V/100 W en paralléle.

-~

Pqur les appareils a électrodes de type inductif, les mesurages doivent étre réalisés en
utiflisant les cables et les bobines fournis avec I'appareil servant au traitement du patient. |La
chiarge utitisée pour I'essai doit comporter un récipient tubulaire vertical en matériau isolgnt
degl 10{cm de diamétre. Ce récipient est rempli sur une hauteur de 50 cm avec une solutipn
cojmprenant 9 g de chlorure de sodium par litre d'eau distillée.

Le récipient doit étre placé a l'intérieur de la bobine, de maniére que son axe coincide avec
celui de la bobine. Le centre de la bobine doit également coincider avec le centre de la

charge liquide.

Les mesurages doivent étre réalisés a la puissance maximale et a la moitié de la puissance
maximale et, si le circuit de sortie peut étre accordé, il doit I'étre sur la résonance avec la
fréquence fondamentale de I'appareil.

Tous les mesurages doivent étre réalisés dans toutes les conditions de fonctionnement
prévues dans le manuel d'utilisation de I'appareil.
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7.6.2.2 Appareils de thérapie UHF et micro-ondes fonctionnant a des fréquences
supérieures a 400 MHz

Les mesurages doivent étre réalisés en connectant le circuit de sortie de l'appareil a une
charge résistive non rayonnante de méme valeur que l'impédance caractéristique du cable
utilisé pour alimenter la charge de l'appareil.

7.6.2.3 Appareils de thérapie a ultrasons

Les mesurages doivent étre réalisés avec le transducteur connecté au générateur. Le
tl’cllau'ux,i.cw UIUIi. éilU piUllgé Uldllb url Iébipiclli MoT1 |||éld“iquc d'CIIViIUII 10 CITl UIC didlllei e,
rempli d'eau distillée.

Les mesurages doivent étre réalisés a la fois 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 surfa*fréquengce
de résonance, puis désaccordé. Les spécifications qui figurent dans le manuel d’utilisation de
I'appareil sont a observer.

Il lest recommandé de mesurer la puissance maximale de l|'appareil conformément a|la
methode décrite dans I'lEC 61689 ou en utilisant une méthode dérivée/si nécessaire.

7.6.3 Appareils industriels

Legs appareils industriels peuvent étre soumis aux essdisvsoit avec la charge utilisée pn
service, soit avec un dispositif équivalent.

Si[l'appareil en essai peut étre connecté a des canalisations auxiliaires (eau, gaz, air, etc.),|le
ragccordement doit étre réalisé avec des sections<de raccordement en tube isolant d'au moins
3 m de long. Pour les essais effectués avec la_gharge utilisée en service, les électrodes et IE

céples doivent étre disposés comme en utiilisation normale. Les mesurages doivent éfre
régalisés a la puissance de sortie maximale et a la moitié de la puissance de sortie maximaje.
Lels appareils qui fonctionnent normalement avec une puissance de sortie nulle ou trés faible
daivent également étre soumis aux essais dans ces conditions.

Il convient de soumettre aux essais les appareils industriels de chauffage par induction et les
appareils de chauffage diélectrique dans une configuration et avec une charge équivalenteq a
I'utilisation réelle ou prévue. Lorsque I'appareil peut étre configuré pour une variété fe
chiarges ou que la charge-n’est pas disponible, la charge spécifiée dans I'lEC 61922 pour les
appareils de chauffage_par induction et dans I'lEC 61308 pour les appareils de chauffape
diglectrique peut étre-utilisée. Les appareils industriels de chauffage par résistance doivgnt
étre soumis aux.essais avec ou sans la charge, tel que spécifié par le fabricant.

NQTE L'expérience a montré qu'un dispositif de charge avec circulation d'eau convient pour de nombreux types
d'appareils dée\chauffage diélectrique.

Les appareils industriels de chauffage a micro-ondes doivent étre conformes a la valeur limjte
de rayonnement indiquée a I’Article 6 lorsqu’ils sont chargés conformément a I'lEC 61307 pu
avec une charge ulilisée en pralique. La charge doit éfre modifiee de maniére a assurer le
maximum de transfert d'énergie, les variations de fréquence ou de rayonnement harmonique
dépendant des caractéristiques étudiées.

7.6.4 Appareils scientifiques, appareils de laboratoire et de mesure

Les appareils scientifiques doivent étre soumis aux essais dans les conditions normales de
fonctionnement. Les appareils de laboratoire et de mesure doivent fonctionner comme prévu.
Tous les ports de sortie RF doivent étre terminés par une charge non rayonnante
correspondante.
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7.6.5 Appareils de cuisson a micro-ondes

Les appareils de cuisson a micro-ondes doivent étre utilisés avec tous leurs constituants
normaux (les plateaux en place, par exemple) et avec une charge de 11 d’eau du robinet
initialement a 20°C = 5 °C, placée au centre de la surface de support fournie par le fabricant.

Le réservoir pour I'eau doit étre une cuve cylindrique en verre borosilicaté d’'un diamétre
extérieur de 190 mm £ 5 mm et d'une hauteur de 90 mm £ 5 mm (voir aussi I'lEC 60705).

7.6.6 Autres appareils fonctionnant dans la plage de fréquences comprises‘entre
1 GHz et 18 GHz

Lels autres appareils doivent satisfaire aux valeurs limites de rayonnement indiquées| a
I'Article 6 lorsqu'ils sont soumis aux essais avec une charge fictive constituée d'une certaipe
quantité d'eau du robinet contenue dans un récipient non conducteur. La\taille et la forme fdu
régipient, sa position dans l'appareil et la quantité d'eau qu'il contietydoivent étre modifiées
del maniere a assurer le maximum de transfert d'énergie, les variations de fréquence ou fe
rayonnement harmonique dépendant des caractéristiques étudiées.

7.6.7 Matériel de soudage électrique

Pqur le matériel de soudage a l'arc, I'opération de soudage pendant I'essai est simulée par
une charge conventionnelle appliquée au matérjel. Les dispositifs d’amorgage et fe
stabilisation d’arc doivent étre allumés pendant lessmesurages des émissions. Les conditions
charge et la configuration d’essai du matériel de soudage a l'arc sont spécifiées dans
C 60974-10.

Pqur les équipements de soudage par résistance, I'opération de soudage pendant I’essai gst
siulée en mettant en court-circuit decircuit de soudage. Les conditions de charge et|la
configuration d'essai de I'équipement de soudage par résistance sont spécifiées dahs
I''EC 62135-2.

Lel début des mesurages selon la présente Norme doit étre différé jusqu'a 5 s aprés l'entrge
en fonctionnement du matériel de soudage en essai.

.8 Appareil d'éclairage ISM a fréquences radioélectriques

lofsqu'il est~§O0umis a essai tel que livré par le fabricant dans les conditions normales fe
fonctionnément. Dans le cas d'un appareil d'éclairage ISM a fréquences radioélectriqugs,
I'apparéil~en essai (EUT) doit fonctionner tant que la fréquence d'oscillation du magnétrpn

7.6.9 Appareillage moyenne tension (MT) et haute tension (HT)

Pour les appareils utilisés dans des appareillages moyenne tension et haute tension, le début
des mesurages selon la présente Norme doit étre différé tant que les actions de commutation
liées au circuit principal ou au circuit primaire ne sont pas terminées (les actions de
commutation des disjoncteurs ou des sectionneurs, par exemple).
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7.6.10 Convertisseurs de puissance connectés au réseau

7.6.10.1 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
ou a une charge similaire

Le convertisseur de puissance en essai doit étre connecté au réseau d'alimentation en
courant alternatif de laboratoire par l'intermédiaire du réseau fictif d'alimentation (AMN en V)
spécifié en 7.3.2.2, dans la mesure du possible. Si ce raccordement s'avére impossible ou
n'est pas prévu, le convertisseur de puissance en essai peut étre connecté a une charge
résistive appropriée et au réseau d'alimentation en courant alternatif de laboratoire en

connexion a une charge résistive appropriée est également recommandée pour les
convertisseurs de puissance uniquement destinés a une utilisation dans des installations
réseau en courant alternatif a basse tension en flot qui ne sont pas connectées“a un aufre
réseau public de distribution secteur d’énergie en courant alternatif a basse’)tension. Pqur
s d'informations, consulter les instructions d'installation du fabricant.

En variante, l'alimentation en courant alternatif pour la source d'alimentation en courgnt
continu de laboratoire peut provenir des lignes de sortie en courant alternatif du convertissqur
de puissance connecté au réseau (GCPC) par l'intermédiaire du AMN en V sans connecter|la
charge résistive. L’alimentation de sortie en courant alternatif dusconvertisseur de puissangce
connecté au réseau (GCPC) est utilisée pour contribuer a l'@limientation d'entrée en courgnt
continu exigée pour ce GCPC, la charge résistive n'étant{donc pas nécessaire dans ce cgs
(voir la Figure J.1 a I'Annexe J).

Pqur les configurations appropriées du site d'essai, ywoir I'"Annexe J.

7.6.10.2 Raccordement a une autre chargetappropriée

Pqur les convertisseurs de puissance-destinés a étre alimentés a partir de sources
d'alimentation en courant alternatif, 'accés d’alimentation en courant continu en essai dpit
étre connecté a une charge résistive appropriée ou a un autre dispositif de stockage d'énergie
adéquat via un réseau fictif 150 Q,(DC-AN) comme spécifié en 7.3.2.3. L'appareil en essai
dait étre connecté a une charge -appropriée dans la plage de fonctionnement assignée pour|le
type respectif d'appareil en essai.

NQTE Un exemple de type. de/GCPC destiné a étre alimenté a partir d'une source d'alimentation en courgnt
altgrnatif est un convertisseur de puissance a monter dans une station de charge externe pour véhicujes
élgctriques (EV).

7.1 Enregistrement des résultats de mesure du site d’essai
7.71 Généralités

Tqus les- résultats obtenus a partir des mesurages des perturbations radioélectriques
cojhduites et/ou rayonnées doivent étre enregistrés dans le rapport d’essai. Si les résultats he
sohnt-pas pnrpgiq’rrée de maniére continue et/ou sous une forme graphiqup sur toute la plaue
de fréquences observée, alors les exigences minimales d’enregistrement établies en 7.7.2 et
7.7.3 doivent s’appliquer.

Le rapport d'essai doit contenir une déclaration soulignant que l'incertitude de mesure de
I'instrumentation (MIU — measurement instrumentation uncertainty) a été déterminée selon la
CISPR 16-4-2, et qu'elle a également été prise en compte lors de la détermination de la
conformité aux limites de I'appareil individuel soumis a essai ou au nombre d'éléments dans
I'échantillon de 'appareil produit en série.

Le rapport d'essai peut inclure les valeurs numériques de l'incertitude de mesure de
I'instrumentation que le laboratoire d'essai a déterminées pour chaque essai réalisé. Si les
bilans d'incertitude spécifiés dans la CISPR 16-4-2 sont dépassés, le rapport d'essai doit
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contenir les valeurs numériques de l'incertitude de mesure de l'instrumentation de I'appareil
d'essai réellement utilisé.

7.7.2 Emissions conduites

Parmi toutes les émissions conduites au-dessus de (L — 20 dB), ou L représente le niveau
limite en unités logarithmiques, I'enregistrement doit inclure au moins les niveaux de
perturbation et les fréquences des six perturbations les plus élevés dans chacune des plages
de fréquences observées depuis chacun des accés d’alimentation de l'appareil en essai
(EUT). L’enregistrement doit aussi inclure une indication du conducteur de [I'acces
d’@fimentation sur lequel sont vehiculees la ou les perturbations observees. . | |

7.7.3 Emissions rayonnées

Pdrmi toutes les émissions rayonnées au-dessus de (L — 10 dB), ou L représente le nivepu
limite en unités logarithmiques, I'enregistrement doit inclure au moins les, niveaux fe
perturbation et les fréquences des six perturbations les plus élevées dans chacune des
plages de fréquences observées. Le rapport doit inclure la polarisation de l'antenne, pa
hauteur, et, le cas échéant, la position de rotation du plateau tournant; pour chacune dgs
perturbations consignées. Dans le cas de mesurages sur un site~d'essai, la distance fe
mesure réellement sélectionnée et utilisée (voir 6.2.2 et 6.3.2) doit(également étre enregistrge
dans le rapport d’essai.

8 | Dispositions spéciales pour les mesurages sur'un site d'essai (9 kHz a
1 GHz)

8. Plans de masse

Un plan de masse doit étre utilisé pour les mesurages sur un site d'essai. La relation enfre
I'appareil en essai et le plan de masse doit-étre équivalente a celle existant dans la pratiqye.
EXcepté aux emplacements de masseprévus par le fabricant, un appareil en essai (EUT)
podsé au sol doit étre isolé du plan de-masse par un matériau diélectrique d'une épaissqur
maximale de 15 cm. Le raccordement-direct a la terre (c'est-a-dire au plan de masse) doit éfre
asfsuré

a)| soit selon les instructions-du fabricant,

b)| soit, si I'appareil en ‘essai est doté d'une borne de terre particuliére, celle-ci doit éfre
connectée a la terre (¢'est-a-dire reliée au plan de masse) avec un cable aussi court que
possible (voir également la Figure 4).

Un plan de masse doit étre utilisé pour le mesurage du rayonnement et le mesurage des
tensions perturbatrices. Les exigences pour le site d'essai en rayonnement sont indiquéges
en 8.3 et, pour le plan de masse pour le mesurage des perturbations conduites, en 8.2.

8.2 “Mesurage des perturbations conduites

8.2.1 Generalites

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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