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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

1)

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-4: Uncertainties, statistics and limit modelling -
Statistics of complaints and a model for the calculation of limits
for the protection of radio services

FOREWORD

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

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

IEC Publications have the form of recommendations for-international use and are accepted by IEC National
Committees in that sense. While all reasonable effotts 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 any
misinterpretation by any end user.

In order to promote international uniformity,~MEC National Committees undertake to apply IEC Publications
transparently to the maximum extent pgssible in their national and regional publications. Any divergence
between any IEC Publication and the corrésponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

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

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

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

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

CISPR 16-4-4 edition 2.2 contains the second edition (2007-07) [documents CISPR/
H/147/DTR and CISPR/H/153/RVC], its amendment 1 (2017-06) [documents CIS/H/313/

DTRand CISTH/3TI/RVC] and its amendment 2 (2020-04) [documents CISTH/402/DTR and
CIS/H/407A/RVDTR].

In this Redline version, a vertical line in the margin shows where the technical content

is

modified by amendments 1 and 2. Additions are in green text, deletions are in

strikethrough red text. A separate Final version with all changes accepted is available in
this publication.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has
collected data of a different kind from that which is normally published as an International

Standard, for exampte ‘state of the art™;

This second edition of CISPR 16-4-4, which is a technical report, has been prepared by
CISPR subcommittee H: Limits for the protection of radio services.

This second edition of CISPR 16-4-4 contains two thoroughly updated Clauses 4 and 5,
compared with its first edition. It also contains, in its new Annex A, values of the classical
CISPR mains decoupling factor which were determined by measurements in real LV AC smains
grids in the 1960s. It is deemed that these mains decoupling factors are still valid' and
representative also for modern and well maintained LV AC mains grids around the world.

The information in Clause 4 — Statistics of complaints and sources of interference — was
accomplished by the history and evolution of the CISPR statistics on complaints about radio
frequency interference (RFI) and by background information on evolution in radio-based
communication technologies. Furthermore, the forms for collation of actual RFI cases were
detailed and structured in a way allowing for more qualified assessment and evaluation of
compiled annual data in regard to the interference situationi~as e.g. fixed or mobile
radio reception, or analogue or digital modulation of the intetfered with radio service or
application concerned.

The information in Clause 5 — A model for the calculatiory of limits — was accomplished in
several ways. The model itself was accomplished in respect of the remote coupling situation
as well as the close coupling one. Furthef)_supplements of this model were
incorporated regarding certain aspects of the”“coupling path via induction and wave
propagation (radiation) of classical telecommunication networks. Furthermore, the calculation
model on statistics and probability underwen{ revision and was brought in line with a
more modern mathematical approach. Eventually the present model was extended for a
possible determination of CISPR limits in.the frequency range above 1 GHz.

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

The committee has decided that'the contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" inCthe data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct

understanding of its contents. Users should therefore print this document using a
colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-4: Uncertainties, statistics and limit modelling -
Statistics of complaints and a model for the calculation of limits
for the protection of radio services

1 Scope

This part of CISPR 16 contains a recommendation on how to deal with statistics “of radio
interference complaints. Furthermore it describes the calculation of limits for disturbance field
strength and voltage for the measurement on a test site based on models for the’distribution
of disturbances by radiated and conducted coupling, respectively.

2 Normative references

The following referenced documents are indispensable for the.application of this document.
For dated references, only the edition cited applies. For undatedifeferences, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility (available at http://www.electropedia.org)

CISPR 11, Industrial, scientific and medical—{(ISM)—radio-frequency equipment —
Electromagnetic Radio-frequency disturbancée characteristics — Limits and methods of

measurement

CISPR 16-4-3, Specification for radi¢ disturbance and immunity measuring apparatus and
methods — Part 4-3: Uncertainties; statistics and limit modelling — Statistical considerations in
the determination of EMC compliahce of mass-produced products

CISPR 15:2018, Limits andZmethods of measurement of radio disturbance characteristics of
electrical lighting and sipilar equipment

3 Terms and definitions

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

IS@and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

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

3.1 Terms and definitions

3.1.1

complaint

a request for assistance made to the RFI investigation service by the user of a radio receiving
equipment who complains that reception is degraded by radio frequency interference (RFI)
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3.1.2

RFIl investigation service

institution having the task of investigating reported cases of radio frequency interference and
which operates at the national basis

NOTE EXAMPLE Examples—include—a Radio service provider,—a CATV network provider,—an administration,-era
regulatory authority.

3.1.3

source

any type of electric or electronic equipment, system, or (part of) installation emanating
disturbances in the radio frequency (RF) range which can cause radio frequency interférence
to a certain kind of radio receiving equipment

3.2 Symbols and abbreviated terms

permissible interference field strength at the point A in space where the antenna
of the victim receiver is located — without consideration of probability factors

Elimit permissible interference field strength at the point A in spacé where the antenna
of the victim receiver is located — with consideration of prebability factors

Rp protection ratio

Cpy coupling factor describing the proportionality yof”the field strength E with the

square root of the power P injected as comnie@h mode into the radiating structure
by the apparatus (GCPC)

Group A defined PV generator group for single-family detached houses
Group B defined PV generator group for multi*§torey buildings with flat roof tops
Group C  defined PV generator group for stfptracking supports (“trees”)

Group D  defined PV generator group fortarge barns in the countryside

p probability of an individual,PV generator being a member of Group i
1
6Pv group-independent«mean value for the coupling factor
Pg disturbance powegr'emitted by a GCPC with the complex source impedance Zg
P power injectedinto the PV generator eventually radiated via that installation
Prc disturbapee power determined at the DC-AN on a standardized test site according

to CI8PR 11 with fixed impedance Z;c = 150 Q

ULimit pefmitted disturbance voltage limit

P probability for time coincidence (up7 in dB)

Pg probability for location coincidence (upg in dB)

Py, probability for frequency coincidence inclusive harmonics(up, in dB)

m mismatch loss in use case (between the GCPC with complex source impedance

Zg and the PV generator with complex load impedance Z, )

Mrc mismatch loss in test case (between the GCPC with complex source impedance
Zg and the DC-AN according to CISPR 11 with measurement impedance fixed to
Zc =150 Q)

AMN artificial mains network

CM common mode

DC-AN DC artificial network
DM differential mode
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GCPC grid connected power converter

S/N noise power/signal power

4 Statistics of complaints and sources of interference

4.1 Introduction and history

The previous edition of CISPR 16-4-4 contained, in its Clause 4, a complete reprint of CISPR
Recommendation 2/3 on statistics of complaints and sources of interference. However, due to
modern technological evolution in radio systems directed towards introduction of digital radio
services, and due to increasing use of mobile and portable radio appliances by the public)the
traditional CISPR statistics of complaints on radio frequency interference are experiehncing a
decreasing significance as an indicator of the quality of standardisation work for the/protection
of radio services and applications. That is why related information in this“\edition of
CISPR 16-4-4 is reduced to the necessary minimum allowing interested parties“to continue
their complaint-based collation of data on an annual basis.

In order to accommodate the evolution in modern radio technology and-mobile and portable
use of radio receiving equipment, it may be necessary to replace omto* gather the complaints-
based CISPR statistics by other more modern statistics or means, These new statistics should
be based on a systematic annual collation of data about degradation of quality of radio
services and reception due to electromagnetic disturbances,occurring in the environment.
These data will have to be collected and processed, however, primarily by the radio service
providers themselves.

4.2 Relationship between radio frequency interference and complaints

Whatever the radio system involved, official camplaints usually represent only a small subset
of all occurring interference situations. Occasional interference generally does not lead to an
official complaint if its duration is brief or if it happens only once in a while. It is only when the
same interference situation occurs repétitively that an official complaint is reported. This
situation also greatly depends on thé conditions of use (fixed or mobile) of the victim radio
system.

4.2.1 Radio frequency interference to a fixed radio receiver

Before the wide development of portable radio devices, radio systems that suffered from
interference were generally used in fixed locations. This is the case, for example for a TV set
in a flat or home: if¢his TV set is regularly interfered with by radiation or conduction from
other equipment located inside or just outside the house, then it is probable that a complaint
will be issued. The same applies if a satellite antenna, a fixed radio link, or a cellular phone
base station suffers from radio frequency interference.

4.2.2 Radio frequency interference to a mobile radio receiver

Thé multiplication of portable radio systems such as cellular phones and short range radio
systems has changed the conditions regarding interference situations and interference
complaints. The ability for the user to move makes it easier to resolve a particular interference
case, but makes it more difficult to recognise that an interference case has actually occurred.

4.2.3 Consequences of the move from analogue to digital radio systems

In addition to-thae conditione of nea of tha vietim radia cvuctam tachnalaaical avalutinn in radin
e+t RaHO RS B+HdSe—-oo+— e e ao-—SyStem—e 6 etogica—evordHoR—Hi1aato

services with successive phasing out of analogue and exponential growth of digital
applications also has consequences on the number of reported interference cases.

If a digital mobile phone or a wireless LAN receiver cannot receive the signal from the nearest
base station or access point because of an unwanted emission from a nearby equipment, the
user will never suspect this equipment and will not even consider the possibility of an
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interference occurring. He will assume that the coverage of the network is poor and will move
to another place to make his call or to get his connection. Furthermore, as these systems are
generally frequency agile, if one channel is interfered with, the system will choose another
channel but if all other channels are accupied then the phone will indicate that the network is

busy, and once again, the user will think the network capacity is not large enough to
accommodate his call, but he will never suspect an EMC problem.

Generally for analogue systems, one can hear the interference. With digital and mobile
systems, interference is much less noticeable (muting in audio reception, or frozen images on
the TV set for DVB). In addition, modern digital modulations implement complex escape
mechanisms (data error correction, frequency agile systems, etc.) so that the system can
already be permanently affected from an EMC point of view before an interference case is
actually detected.

4.3 Towards the loss of a precious indicator: interference complaints

The evolutions detailed above — generalisation of mobile use of radio receivers and the move
from analogue to digital radio services — will not reduce the number of interférence situations,
but continues to decrease the probability of getting significant numbers of interference
complaints indicating an existing EMC problem. So, along with the\ growing development of
portable digital radio devices, the usefulness of traditional interference complaints statistics to
support the CISPR work will continue to diminish in importance.

4.4 CISPR recommendations for collation of statistical data on interference complaints
and classification of interference sources

Considering

a) that RFI investigation services may whish to continue publication of statistics on
interference complaints;

b) that it would be useful to be able to compare the figures for certain categories of sources;

c) that varied and ambiguous presentation of these statistics often renders this comparison
difficult,

CISPR recommends

(1) that the statistics provided to National Committees should be in such a form that the

following information-may be readily extracted:

(1.1) the number of¢ccomplaints as a percentage of the total number of sound broadcast
receivers or television broadcast receivers or other radio communication receivers in
operationiin_a certain country, or region;

(1.2) the relative aggressivity of the various sources of interference in the different frequency
bands;

(1.3) the-comparison of the interference caused by the same source in different frequency
bands;

(1.4) the effectiveness of limits (CISPR or national) and other counter-measures on items
(1.1), (1.2), and (1.3);

(1.5) the number of sources of the same type involved in a certain interference case.
Interference may be caused by a group of devices, for example, a number of fluorescent
lamps on one circuit. In such cases, the number to be entered into the statistics is
determined by the RFI investigation service.

NOTE To facilitate comparison of statistics, the method used to determine the number of sources should
be stated.

One source may cause many complaints and one complaint may be caused by more
than one source. Therefore it is clear that the number of sources and the number of
complaints against any classification code may not be related.
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For the purpose of these statistics, active generators of electrical energy and apparatus
and installations which cause interference by secondary effects (secondary modulation)
are included. See also appliances of category B in Table 1;

(1-6) Ccauses of comptaints not refated 1o a Source, as e.g. unsatisfactory radio reception due
to a lack of immunity of the radio receiving installation or a lack of coverage with wanted
radio signals, see also appliances of category K in Table 1;

(2) that statistics should cover a complete calendar year; they should whenever possible be
presented in the following form, see standard forms in Figures 1a to 1d, without
necessarily employing more detailed categories than listed in Table 1. It is however naot
intended to exclude further subdivisions; these may be desirable, but they should fit into
the scheme of the standard forms set out below; the code numbers refer to the_items
listed in Table 1.

4.5 Forms for statistics of interference complaints

1 Radio services with analogue modulation

1.1 Fixed or stationary radio reception

Source of interference Number of complaints per radio service
or other cause of complaint from each source
Classification Description Total number Broadcasting @ Other
code in each b

i Jeacht services
identification

Sound ¢ | Television ©

LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

1.1 | Fixed or stationary radio reception, analegue Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency.(medium waves);

HF = high radio frequency(short waves).

These three bands may either be grouped together, as shown, or dealt with separately.
I = Band Il (VHF(sound broadcasting);

| = Band | (MHF/television broadcasting);

I = Band(lII"(VHF/television broadcasting);

VIV Band IV/V (UHF/television broadcasting).

b The service and band affected should be stated.

c At'the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints accurately to the various broadcasting services. If this is so, then the
humber of complaints should be stated separately for sound broadcasting and television broadcasting.

IEC 1182/07

Figure 1a — Standard form for statistics on interference complaints recommended for
radio services with analogue modulation and fixed or stationary radio reception
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1 Radio services with analogue modulation

1.2 Mobile or portable radio reception

Source of interference

Number of complaints per radio service

or other cause of complaint

from each source

Classification Description Total number Broadcasting @ Other
code in each services P
identification
Sound © | Television €
LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1
etc. as indicated in Table 1
1.2 | Mobile or portable radio reception, analogue Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency (medium waves);

HF = high radio frequency (short waves).

These three bands may either be grouped together, as shown, or dealt with.Separately.

1 = Band Il (VHF/sound broadcasting);
| = Band | (VHF/television broadcasting);

Il = Band Ill (VHF/television broadcasting);

VIV

b The service and band affected should be stated.

¢ At the time of receipt of complaints of interference) i.e. before they have been investigated fully, it may not be
possible to apportion the complaints accurately-to the various broadcasting services. If this is so, then the
number of complaints should be stated separately for sound broadcasting and television broadcasting.

Band IV/V (UHF/television broadcasting).

IEC 1183/07

Figure 1b — Standard form for statistics on interference complaints recommended for
radio services with analogue modulation and mobile or portable radio reception
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2 Radio services with digital modulation
2.1 Fixed or stationary radio reception
Source of interference Number of complaints per radio service
or other cause of complaint from each source
Classification Description Total number Broadcasting @ Other
code in each services P
identification
Sound ¢ | Television ©
LF/ | 1l | " [ Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

2.1 | Fixed or stationary radio reception, digital Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency (medium waves);
HF = high radio frequency (short waves).

These three bands may either be grouped together, as shown, or _d€alt with separately.

VIV

= Band Il (VHF/sound broadcasting);

= Band | (VHF/television broadcasting);

= Band lll (VHF/television broadcasting);
Band IV/V (UHF/television broadcasting)-

b The service and band affected should be stated.

c At the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints &ccurately to the various broadcasting services. If this is so, then the
number of complaints should be stated)s€parately for sound broadcasting and television broadcasting.

IEC 1184/07

Figure 1c¢ — Standard form for statistics on interference complaints recommended for
radio services with'digital modulation and fixed or stationary radio reception
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2 Radio services with digital modulation

2.2 Mobile or portable radio reception

Source of interference
or other cause of complaint

Number of complaints per radio service
from each source

Classification Description Total number Broadcasting @ Other
code in each services D
identification
Sound © Television €
LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

2.2 | Mobile or portable radio reception, digital
modulation

Totals

a LF = low radio frequency (long waves);
MF
HF

high radio frequency (short waves).

These three bands may either be grouped together, as shown, or _d€alt with separately.

1 = Band Il (VHF/sound broadcasting);
| = Band | (VHF/television broadcasting);

Il = Band Ill (VHF/television broadcasting);
Band IV/V (UHF/television broadcasting)-

VIV

b The service and band affected should be stated.

c At the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints &ccurately to the various broadcasting services. If this is so, then the
number of complaints should be stated)s€parately for sound broadcasting and television broadcasting.

medium radio frequency (medium waves);

IEC 1185/07

Figure 1d — Standard form for statistics on interference complaints recommended for
radio services with'digital modulation and mobile or portable radio reception

Figure 4\~ Standard forms for statistics on interference complaints

For RFI investigation services which would like to issue reports on statistics of interference
complaints it is recommended to use the classification of interference sources set out in
Table 1.. Use of this classification will facilitate comparison of RFI situations observed in

differenht countries.
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Table 1 — Classification of sources of radio frequency interference

and other causes of complaint

Classification code

Description of the source

A Industrial, scientific, and medical (ISM) RF apparatus (CISPR 11)

A1 Industrial, scientific, and medical (ISM) RF apparatus (group 2) inclusive microwave
ovens and RF lighting appliances

A.2 Other industrial or similar apparatus (group 2) as e.g. arc welding equipment or
spark generating apparatus (EDM), etc.

A.3 Other industrial or similar apparatus (group 1) as e.g. generators, motors,
convertors, semiconductor controlled devices, etc.

Electric power supply, distribution and electric traction (CISPR 11, CISPR™18)

B.1 Power supply installations (AC or DC voltages exceeding 100 kV) as e.g. averhead
power lines, generating and switching stations, converting stations, etc.

B.2 Power supply installations (AC or DC voltages 1 kV to 100 kV) as.e.g7 overhead
power lines, generating and switching stations, converting stations; etc.

B.3 Low voltage (LV) power supply and distribution (AC or DC voltages up to 1 kV)

B.4 Electric traction as e.g. for railways, tramways, or trolleyybuses

C Low power appliances as normally used in households, offices
and small workshops (CISPR 14)

C.1 Motors in household appliances e.g. in electric tools, vacuum cleaners, etc.

C.2 Contact devices, thermostats, etc.

C.3 Semiconductor controlled appliances (less than 1 kW load)

D Gaseous discharge and other lamps and luminaries (CISPR 15)

Fluorescent lamps and lumindries, neon advertising signs, self-ballasted lamps, etc.

Ea Radio broadcast receiving, installations (CISPR 13, CISPR 25)

E.1 Sound broadcast recelvers for fixed or mobile use

E.2 Television broadcastreceivers for fixed or mobile use

E.3 Cable television installations (CATV)

Fa Radio communication systems (ITU Recommendations)

F.1 Radiotbroadcast or communication transmitters for fixed or mobile use

F.2 Radio’ communication receivers for fixed or mobile use

G Ignition systems of internal combustion engines (CISPR 12)

Cars, motor bikes, boats, trucks, etc. if propelled by electrical means or internal
combustion engines or both, exclusive electric traction vehicles
Information and communication technology (ICT) appliances (CISPR 22)

H.1 Wire-bound telecommunication terminal equipment (TTE) and telecommunication
equipment (TE) in the infrastructure of networks as e.g. in telecommunication
centres, wire-bound LAN, etc.

H.2 Data processing equipment (DPE) such as e.g. computers and ancillary equipment

H.3 Radiation from wire-bound telecommunication networks

I Identified sources other than those specified (IEC 61000-6-3 and IEC 61000-6-4)

K Other causes of complaint

K.1 Lack of immunity of radio receiving installations or other appliances

K.2 Lack of coverage of wanted radio service (weak or faulty wanted signals)

a

Only those complaints belong to the statistics where a radio broadcast receiving installation (E) or a component
of a radio communication system (F) was identified as causing the interference.
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5 A model for the calculation of limits

|~ | Liateea ol F
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A harmonized method of calculation is an important precondition for the efficient discussion of
CISPR limits by National Committees and the adoption of CISPR publications.

5.1.1 Generation of EM disturbances

CISPR publications are developed for protection of radio communications and often seyeral
types of radio networks are to be protected by a single emission limit.

Most electrotechnical equipment has the potential to interfere with radio communications.
Coupling from the source of electromagnetic disturbance to the radio cemmunications
installation may be by radiation, induction, conduction, or a combination of these
mechanisms. Control of the pollution of the radio spectrum is accomplished by limiting at the
source the levels of appropriate components of the electromagnetic disturbances (voltage,
current, field strength, etc.). The choice of the appropriate component’/is determined by the
mechanism of coupling, the effect of the disturbance on radio communications installations
and the means of measurement available.

5.1.2 Immunity from EM disturbances

Most radio receiving equipment has the potential to ‘malfunction as the result of being
subjected to EM disturbances.

Protection of equipment is accomplished by hardening the appropriate disturbance entry route
except for the antenna input port, for in-band.-disturbances. The choice is determined by the
mechanism of coupling, the effect of the~disturbance on the electronic equipment and the
means of measurement available.

5.1.3 Planning a radio service

Before planning a radio communication service, it is necessary to decide upon the reliability of
obtaining a predetermined quality of reception. This condition can be expressed in terms of
the probability of the actual signal-to-interference ratio R at the antenna input port of a
receiver being greater than the minimum permissible signal-to-interference ratio Rp needed to

get a predetermined_guality of reception a. That is:
PR(ur;or)2 Ry l=a

where

Pl ] is the probability function;

RjirioRr) is the actual signal-to-interference ratio as a function of its mean value (ug) and
standard deviation (oR);

Rp is the minimum permissible signal-to-interference ratio (protection ratio);

a is a specified value representing the reliability of communications.

This probability condition is the basis for the method of determining limits.
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5.2 Probability of interference

In order to make recommendations to protect adequately the radio communications systems
of interest to the ITU, considerable attention is paid within CISPR to the probability of

interference occurring. The following is an extract from CCIR Report 829 1).

5.2.1 Derivation of probability of interference

The Radio Regulations, Volume 1, Chapter |, Definition 1.166, defines interference as “the
effect of unwanted energy due to one or a combination of emissions, radiations, or inductions
upon reception in a radio communication system, manifested by any performance
degradation, misinterpretation, or loss of information which could be extracted in the absence
of such unwanted energy”.

5.2.1.1 Probability of instantaneous interference
Let

denote "The desired transmitter is transmitting";
denote "The wanted signal is satisfactorily received in the absen¢e of unwanted energy";
denote "Another equipment is producing unwanted energy";

o0 w >

denote "The wanted signal is satisfactorily received in \the presence of the unwanted
energy".

All of these statements refer to the same small-time period. Then, according to the definitions,
interference means "A and B and C and D*", where\D* is the negation or opposite of D: Let
P(x) denote the "probability of x" and P(x|y) denote’ the "probability of x, given y". Then, the
probability of interference during the small-time period is

P(l) = P(A and B and C and D*) (1)
It can be shown that this can be expre&ssed in terms of known or computable quantities:
P(1), ={P(B|A) - P(D|A and C)] P(A and C) 2)

It may be preferable to ¢onsider the probability of interference only during the time that the
wanted transmitter is transmitting. This probability is:

P'(l) = P(B and C and D*| A) (3)
which can be-reduced to:
P'(l) =[P(B|A) - P(D| A and C)] P(C|A) (4)

5:2.1.2 Discussion of Equations (2) and (4)

First, consider the difference between Equations (2) and (4). The probability of interference
can be interpreted as the fraction of time that interference exists. In Equation (2), this fraction
is the number of seconds of interference during a time period divided by the number of
seconds the wanted transmitter is transmitting during the time period. This second fraction is

ae Nan a¥al nla ha nted aldaa' ) on ha aala PR A ha

probability that a wanted signal will
expressed as the probability that S/N > R where S is the signal power, N is the noise power,
and R is the signal-to-noise ratio required for satisfactory service. In some services, this
probability is called the reliability, and is often computed when the system is designed. It can

1) The former CCIR Reports 656, 670, and 829 are no longer available.
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be computed if system parameters (for example, transmitter and receiver location, power,
required S/N) are known using statistical data on transmission loss (for example,
Recommendation 370 2)) and statistical data on radio noise (for example, ITU-R Rec. P.372-6

and Ranart 670 3)\
pofrt6fo—+)-

aTrTaTIC

Many systems, such as satellite or microwave relay point-to-point systems, are designed so
that P(B|A) ~ 1. In other services, such as long-distance ionospheric point-to-point services,
or mobile services near the edge of the coverage area, P(B|A) may be quite small. In this
latter case, the probability of interference will not be small regardless of the other
probabilities.

P(D |A and C) is the probability that the wanted signal will be correctly received evenwhen
the unwanted energy is present. It can be computed if there is sufficient informatiomabout the
location, frequency, power, etc. of the source of unwanted energy. For examplés, see the
references in Report 656 3).

Notice that it has been assumed that P(D|A and C) < P(B!A); that is, ifithe signal can be
received satisfactorily in the presence of unwanted energy, then it can* surely be received
satisfactorily in the absence of the unwanted energy. Thus P(l) cannot'be negative.

P(A and C) is the probability that the wanted transmitter and the- Source of unwanted energy
are on simultaneously. In some situations, the wanted transmitter and source of unwanted
energy may be operated independently. For example, theyvmay be on adjacent channels, or
beyond a coordination distance. In this case, P(A andCC) = P(A)P(C), where P(A) is the
fraction of time that the wanted transmitter is emitting; and P(C) is the fraction of time that the
unwanted source is on.

In other situations, the operation may be highly<dependent. For example, the transmitters may
be co-channel stations in a disciplined mobile’service. In this case P(A and C) is very small,
but perhaps not zero, because a station. ¢an be located so that it causes interference even
when it cannot hear the other transmittet.

The two transmitters might both<gpérate continuously. For example, one might be part of a
microwave point-to-point service; and the other a satellite sharing the same frequency band.
In this case, P(A and C) = 1,"and the probability of interference depends entirely on the factor
in square brackets in Equation (2).

Similarly, P(C | A) =-R(C) if the transmitters operate independently. P(C | A) is very small if the
two transmitters are‘co-channel stations in a disciplined land mobile service; and P(C!A) =1
if the unwanted‘transmitter is on all the time.

In general,hall the terms in Equations (2) and (4) affect the probability of interference,
although their relative importance is different in different services.

5:3-Circumstances of interferences

In this part, general criteria are laid down for establishing disturbance limits for the purpose of
preventing radio frequency interference (RFI) to happen. In this case, a distinction is made for
areas where close coupling exists between noise sources and victim equipment, and for areas
with remote coupling.

2) ITU-R Rec. P.370-7, VHF and UHF propagation curves for the frequency range from 30 to 1000 MHz.
Broadcasting Services was withdrawn in 2001.

3) The former CCIR Reports 656, 670, and 829 are no longer available.
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5.3.1 Close coupling and remote coupling

Although an ill-defined borderline exists between areas of close and remote coupling these
concepts are generally used in the following terms.

Close coupling refers to a short distance between noise source and receiving antenna (for
example, 3 m to 30 m) which is the case for residential sources interfering with broadcasting
and land mobile receivers in residential areas. In general, frequencies up to 300 MHz are
considered.

Remote coupling refers to longer distances, usually in the range of 30 m to 300 m, whichlare
normal between professional or semi-professional sources and receivers as in the case of
individual areas. The relevant frequency spectrum is much broader: 9 kHz to 18 GHz.

For the statements given above, it follows that some similarity exists betweencclose coupling
and near-field radiation conditions on the one hand and between remote coupling and far-field
radiating conditions on the other hand. However, these concepts do not fully correspond since
at frequencies below 1 MHz remote coupling may occur under near-field-conditions whereas
for frequencies above about 30 MHz close coupling may occur under, far-field conditions. In
the majority of practical situations, however, the good correspondefnce between close/remote
coupling and near/far-field conditions is useful in evaluation of coupling aspects.

It should be noted that field-strength measurements, which_are normally used for evaluating
remote coupling characteristics, are actually carried out.Under near-field conditions in the
lower end of the frequency range.

Whereas close and remote coupling are generally ‘'used to describe a direct coupling path
between noise source and receiving antenna)by means of electric, magnetic or radiation
fields, an additional coupling mode is condtetion coupling. In this case, the noise signal is
conducted by the mains network from the mains output of the source to the mains input of the
receiver, see also Figure 3, paths a1 and a2. Inside the receiver the noise signal is coupled
from the mains port(s) to sensitive circuits of the receiver, as e.g. to its antenna port, or to its
IF amplifier circuitry. This must ¥e"*taken into account when determining the receiver's
immunity requirements to injecteddn-band RF disturbances at its mains port.

Some well-known differences ‘exist between near-field and far-field radiation characteristics,
and therefore also for mast'close and remote coupling cases.

— Under far-field conditions with free-space propagation the relation between electric and
magnetic companents of the field is fixed and well defined, the relation under near-field
conditions israther undefined, if the source and coupling path characteristics are not
known.

— Underfar-field conditions the attenuation formula is

X X
a= i k d_2 , or a= ﬂ k d_2 (5)
E, |dj H, | dj

NOTE The attenuation factor a describes the relation of the field strength E; (or H,) found at distance d; to the
field strength E, (or H,) found at distance d,. Factor k may e.g. be interpreted as an additional attenuation factor
introduced by a wall allocated between the measurement locations at distances dy and d..

where
a = attenuation factor;
E,, Hy = absolute value of the field strength observed at a location still in the far field, but

close to the source;
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E,, H, = absolute value of the field strength observed at a location in a more remote
distance d, than d,, from the source;

k = correction factor (in the range 1 to 10) counting e.qg. for the screening effectiveness

of buildings the noise source is allocated in, or for other absorbing obstacles
allocated in between the considered locations at the distances d; and ds;

d4 = small distance in the far field range, but close to the location of the source;
do = measurement distance more remote from the source;
X = propagation coefficient, which is 1 in free-space propagation and somewhat highet

(1 to 1,5) for non-free-space propagation.

Under near-field conditions the propagation coefficient x is more complex and dependent on
the magnetic or electric component with typical values between 2 and 3.

For this reason, it is much easier to develop a model for remote coupling conditions than for
close coupling situations and for conduction coupling paths. Such a model is necessary to
derive emission limits for a general interference environment.

5.3.2 Measuring methods

The measuring method is of major importance for specification of a radio frequency
disturbance limit. Several measuring methods are applied @nd a short survey is given in the
following paragraphs. In all measurements, the measuring instrument is a selective
microvoltmeter (CISPR receiver) as specified for the relevant frequency range.

5.3.2.1 Disturbance voltage/current at mains_ports

In the lower frequency range up to aboutt30 MHz, the mains network may conduct any
injected RF energy to nearby users connected to the mains and/or couple part of the RF
energy to nearby antennas in the electric, magnetic or radiation mode. Electric or magnetic
field coupling to nearby antennas in this-frequency range, however, is in most cases of minor
importance compared with conduction*coupling through the mains network. Because of the RF
output voltage conduction mainly\coupling through the mains network, the RF output voltage
at the mains port is used as ameasure for the interfering potential of almost any type of
source in this frequency range” This permissible RF output disturbance voltage at the mains
port of the source determines the minimum immunity requirements of the victim receiver
against injected in-band, RF disturbances at the receiver's mains port.

This disturbance voltage at mains ports is measured by means of an artificial mains network
which isolates the/source from the mains at RF frequency and which furnishes a standardized
RF load to the source. For measurement of conducted disturbances, the artificial mains
network generally recommended by CISPR is a 50 /50 uH V-network which introduces a
parallel .impedance of 50 Q/50 uH between each live or neutral wire of the mains port and
reference ground.

Although not recommended by CISPR yet, the asymmetric current in the mains cable,
measured by means of a current probe, might be used as a measure for the radiation
capability of the source as already specified for telecommunication lines.

Current probe measurements of the asymmetric disturbance current in the mains cable
require the mains port to be terminated with a suitable artificial mains network. This network

should simulate the typical common mode impedance and RF unbalance (e.g. given as
longitudinal conversion loss (LCL)) of the mains network and should decouple incoming
common mode disturbances from the mains network side.
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5.3.2.2 Disturbance voltage at signal ports

Imperfections of the symmetry in circuits carrying wanted symmetrical signals will produce
unwanted asymmetric signals at the related ports and cables connected thereto. In

asymmetric (coaxial) ports unwanted external currents can be conducted in the outer surface
of the screen because of imperfect screening. These asymmetric signals and external screen
currents may couple energy by inductive or radiation fields to nearby or remote antennas.

The asymmetric voltages can be measured by means of an artificial loading network. In this
case the use of an asymmetric artificial network (AAN) instead of a V-network is preferred.

5.3.2.3 Disturbance power measurements with the absorbing clamp

The asymmetric RF current in a lead or on the outer surface of the screen of a screened cable
will radiate energy to nearby or remote antennas depending on frequency;\length and
configuration of the connected cable. This is particularly important at VHF and UHF in which
frequency ranges the external lead of the appliance has a length which is in-the order of a half
wavelength or longer.

The absorbing clamp is a device which gives measuring results in\a good correspondence
with the disturbance power that can be radiated from the external-dead of the appliance.

Under this condition the disturbance power conducted through the mains lead and measured
by the absorbing clamp is a good measure for the disturbance potential. If the dimensions of
the source are not small compared with wavelength, a larger part of the disturbance's energy
will be radiated directly and the absorbing clamp medasurement is less reliable.

Because broadband disturbance is, in generall of less importance at frequencies above
300 MHz the absorbing clamp is recommended for the measurement of small appliances in
the frequency range 30 MHz to 300 MHz.

5.3.2.4 Field-strength measurement

The field strength caused by disfurbance sources is likely to be the most straightforward
criterion for the interference<potential of such a source, because it is more directly
comparable with the wanted field strength at the antenna of a radio receiver particularly for
remote coupling analysis:

A source radiates RF energy from its case or cabinet if a coupling path exists between
internal noise source and external case or cabinet and if the dimensions of the case or
cabinet are of the’ order of one wavelength. For practical reasons the electric component of
the field is measured in the frequency range above 30 MHz (by means of dipole antennas)
and the magnetic component of the field below 30 MHz (by means of loop antennas).

Field=strength measurements have a number of practical drawbacks. The influence of
surrounding reflections should be eliminated which is usually met by using an open area test
site (OATS). Such a test site introduces inaccuracies by variable reflections from the operator
and from the ground (influence of moisture and season) and by interference from ambient
transmitter fields. It also increases the work time due to poor weather and other climatic
conditions. These drawbacks can be partly eliminated by use of anechoic rooms in the
frequency range above 30 MHz.

Another drawback of field-strength measurements Is the complex EUT radiation pattern which
also depends on the test set-up. It therefore requires measurements in various directions and
an accurately specified test set-up.
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5.3.2.5 Radiation substitution measurements

In order to reduce the effect of surrounding reflections in field-strength measurements, the
source under test is replaced by a radiator of specified characteristics and an adjustable

output level (usually a dipole connected to a calibrated RF generator) to produce the same
field strength under equal environmental conditions. The RFI of the appliance is expressed as
the equivalent power radiated from the substitution radiator. This method is often used at
frequencies above 1 GHz.

5.3.2.6 Disturbance power measurements with a reverberating chamber

The reverberating chamber method in essence is a radiation substitution method inside” a
screened cage and can be used in the frequency range above 300 MHz. By using retating
reflection plates (mode stirrers), the standing wave patterns inside the cage are cohtinuously
varied in such a way that the time averaged field strength is nearly independent of the
position inside the cage. Therefore, the source under test and the substitution ;source need
not be at exactly the same position and the calibration procedure for the radiated power is
much simpler than in the normal substitution method.

5.3.2.7 Frequency considerations with respect to measuring methods

As indicated earlier, radiation of a device and its connected cables, and particularly of the
mains cables, depend on the size of the device and of the cables compared with wavelength
(frequency). The following table gives a general survey’ of the usefulness of various
measuring methods with respect to the frequency bands (subdivided according to CISPR
Recommendations). It should be noted that the frequency ranges are only for indication and
the quoted valuation given for guidance.

Table 2 — Guidance survey/of-RFI measuring methods

Frequency Mains & Asymmetrical | Absorbing Field Substitution Reverberation
MHz signal port current clamp strength radiation chamber
voltage
0,009 to 0,15 + + - 0 - -
0,15 to 30 + + - 0 - -
30 to 300 - 0 + + 0 -
300 to 1 000 - 0 0 + + 0
Above 1 000 - - - + + 0
Where

+ = to be recommended;
0 = usable;

— = not normally usable.

5.3.3) Disturbance signal waveforms and associated spectra

An important aspect is the RF spectrum which is associated with the signal waveform. As
most radio services use relatively narrow frequency channels, the spectrum (frequency
domain) is considered of major importance compared with the waveform (time domain).
Therefore the following distinction is made.

Ik‘llalluvvbdllt_.lI IddiU flcqucllby ;IItUIfUIUIIL’U (RFI) foﬂbtb uLLul VVhUII thG dibtulbdllbc Diglld:
occupies a bandwidth smaller than the radio channel of interest or the measuring receiver.
The disturbance spectrum may consist of a single frequency produced by a sinewave
oscillator of medium or high RF power (i.e. by RF ISM equipment) or of low power (i.e. by
electronic circuits, receiver oscillators). The oscillator could be modulated by the mains
frequency. Oscillator frequencies can be generated over the entire usable frequency
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spectrum. The effect of narrowband disturbance is considered by CISPR over the frequency
range 9 kHz to 18 GHz.

— Narrowband RFI from a disturbance with a rather broadband spectrum of discrete

frequencies — Pulse waveforms derived from a digital clock oscillator contain discrete
harmonic frequencies in a wide frequency range (broadband spectrum). For fundamental
(clock) frequencies appreciably higher than the bandwidth of the radio channel, not more
than one separate spectral line can coincide with the radio channel and such a spectral
line is considered as narrowband RFI. Clock oscillators of computers are often dithered
(i.e. are using frequency modulation on the clock).

— Continuous broadband RFI — Gaussian noise generated by gas discharge devices
(lighting) produces continuously a flat spectrum during the operation of the device.
Repetitive pulses produce a wide spectrum containing various discrete spectral lines. At
repetition rates much lower than the radio channel bandwidth many spectral,lines occur
within the channel (broadband RFI), originating for example, from pulses derived from the
mains frequency (commutator motors, semiconductor-controlled voltage regulators).

The spectrum amplitude of repetitive pulses decreases above the transition frequency (the
reciprocal of the pulse width) at 20 dB or 40 dB per decade, dependent on the pulse
shape. Continuous broadband interference (as e.g. from spark ignjtion noise, arc welding
equipment, etc.) is considered by CISPR over the frequency range 150 kHz to 1 GHz or
higher.

Broadband RFI may also be caused by disturbances ot’ wanted signals from RF ISM
equipment, as e.g. microwave ovens. There are twopmain types of microwave ovens
depending on the power supply, those with a transformer and those with a switched mode
power supply.

— Discontinuous broadband RFI — Switching operations by means of a hard contact (spark)
generates short bursts of noise. Short-duration bursts of disturbances may cause less
severe interference effects than long-duration*bursts depending, however, on the average
repetition rate of the bursts.

For this reason CISPR allows a telaxation with respect to the limit of continuous
disturbances for short bursts with a’duration of less than 200 ms and with a repetition
rate N of less than 30 clicks per<minute. This relaxation factor equals 20 log 30/N. The
frequency spectrum of suchdglicks is not essentially different from that of continuous
broadband interference.

5.3.4 Characteristics of interfered radio services

The characteristics ofiradio services with respect to RFIl are very important as well. In
residential areas, radio services which can suffer from RFI are e.g. radio broadcasting,
amateur radio, and-(land) mobile radio communication. AM sound broadcasting operates at
frequencies below 30 MHz and FM (stereo) sound broadcasting between 64 MHz and
108 MHz. TV broadcasting uses various channels in the range between 50 MHz and 900 MHz,
the picture\signal being modulated in AM-VSB and the sound signal in either AM or FM
depending-on the TV standard in use. Broadcasting also takes place in the bands between
11 GHz and 13 GHz. Amateur radio frequency bands are widely spread over the whole RF
range“and are allocated in the short wave up to the micro wave frequency bands.

Analogue sound and TV broadcasting are going to be replaced by broadcasting with digital
modulation, like Digital Radio Mondiale (DRM) which is intended to replace the AM radio in
the medium frequency (MF) and high frequency (HF) bands, Digital Audio Broadcasting (DAB
or T-DAB) operated in the VHF and UHF bands, and Digital Video Broadcasting Terrestrial
(DVB- T) operated in the UHF bands. These digital radio services require Iower RF protectlon

17 AR _f RAM _20 AR for N\/D T ad-290 AD £ D AR

F'H DRA +h P~ H PEE 3 28
IqLIUO \Il U IUI TNV, U UD TUT VDT 1 qllu U U IUI IJI_\U} Lllall IGUIU OUIVIUUD VVII.II GIIGIUHUU

modulation (where RF protection ratios of about 27 dB for AM, about 48 dB for FM and about
58 dB for TV are required). On the other hand, the transition between the interference level
defined by the minimum wanted field strength minus the protection ratio and the disturbance
which causes unacceptable interference is narrower than for analogue modulation.
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In residential areas with private receiving antennas propagation of disturbances by radiation
from noise sources and from mains cables is of major importance. Broadcast signals
distributed through a cable (CATV) system are less vulnerable because of the more suitable
location which can be selected for the commaon receiving antenna (i.e for the head station)

but if in such cases disturbances are coupled to such an antenna interference may be
experienced by all subscribers connected to such a system.

Satellite broadcast signals in the 12 GHz range are generally not disturbed by broadband
sources because of the limited frequency spectrum of broadband sources. The risk mainly
depends upon the frequencies chosen for the first intermediate frequency band at the
receiver.

The annoyance to the broadcast signal depends on the disturbance signal waveform.
Narrowband and broadband sources produce different types of annoyance. Subjective tests
have shown that for equivalent subjective assessment, narrowband disturbance\should be of
significantly lower amplitude than broadband disturbance (quasi-peak measured) in the
0,15 MHz to 30 MHz range. Assessment of disturbance to digital radio sefvices is based on
the bit-error probability (BEP). Tests have shown that the weighting of impulsive disturbance
for its effect on digital radio communication services is generally different from the effect on
radio communication services that use analogue modulation.

The influence of the repetition rate of rapid pulses in a broadcast channel is accounted for in
the quasi-peak detector characteristic, the effect of low rate pulses (clicks) by the 20 log 30/N
relaxation to the limit. In mobile communication (in older systems mainly narrowband FM, now
replaced by digital mobile communication systems such as TDMA (e.g. GSM, PDC) and
CDMA (e.g. cdmaONE, WCDMA, cdma2000 ete.), traffic noise sources (i.e. ignition
interference) are the major source of RFI. In this'tespect the base station antenna is in a
more favourable position with respect to RFI signals than the mobile antenna because of its
higher location. Mobile antennas on the othep-hand change their position continuously and are
therefore less vulnerable to stationary noise\sources. For the calculation of emission limits in
the frequency range above 1 GHz a detector with a weighting function appropriate for digitally
modulated radio services may be considéred.

Broadcasting and mobile services/may be interfered by narrowband sources as well (RF ISM
equipment, data processing equipment, receiver oscillators, etc.). The wanted radiated RF
power from RF ISM equipment'may be several orders higher than the level from broadband
sources although the distances between those sources (industrial areas) and the victim
receivers are normally |onger. The disturbing energy, however, is mainly concentrated in a
very narrow frequencyiband. For this reason a number of frequency bands is reserved for
typical ISM applications.

In addition tolbroadcasting and mobile radio services, many different professional radio
services _such as fixed, aeronautical navigation, aeronautical mobile, maritime mobile,
radiolocation, standard frequency and time, meteorological aids and radio astronomy services
are in, use. Other professional radio services (navigation, fixed services, satellite and
micrewave communication) are, in general, less vulnerable to radio interference because of
the-use of higher frequencies (greater than 1 000 MHz in which broadband interference is
negligible), more favourable antenna locations, sophisticated systems (modulation, coding,
antenna directivity) and technology (screening, filtering).

5.3.5 Operational aspects

Noise sources in residential areas mainly consist of mass-produced devices for domestic and

sometimes for professional use. Such appliances are tested according to statistical
procedures which implies that a restricted percentage of p per cent fulfils the limit with a
limited confidence q per cent. Small batches reduce the figures p and g and CISPR
recommends a value for both p and g of 80 per cent (80% - 80% rule). The rule is in general
adequate to protect non-vital radio services like broadcast and most land mobile
communication.
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For critical or safety related radio services, however, a much higher degree of confidence is
necessary. The actual annoyance in an interfered radio service does not only depend on the
RFI field strength, but on the wanted signal level as well. The ratio of wanted-to-unwanted
input level which procures a pre-defined and just still permissible minimum quality of

performance of the receiver is called RF protection ratio Rp. This way, the wanted signal level

needed to get at least the pre-defined minimum quality of performance depends on the natural
and man-made noise level and which, in certain environments, may be much higher than the
receiver's intrinsic noise level, particularly in the lower part of the radio frequency range.

In establishing limits for various types of noise sources it is important to strive for limits which
have an equal effect on the radio services to be protected. The users of such a service are
not interested in the type of source which causes RFI. Therefore disturbances from all_types
of sources should be suppressed as much as possible to an equal level of noise output.

5.3.6 Criteria for the determination of limits
5.3.6.1 Remote coupling

For remote coupling situations the field strength at a specified distance\from the noise source
is used as a characteristic for the interference potential of the sourCe. The following model
(see Figure 2) was developed to derive radiation limits for the ease of in-band interference
(i.e. interference appearing in the tuned channel of the victim |receiver) caused by RF ISM
equipment. For the relevant radio services in the allocated frequency bands the RF protection
ratio is determined. In ITU documents, this protection ratio is given for disturbing radio
services with the same modulation. The protection ratio) for any other type of disturbance
radiation, as e.g. for typical electromagnetic disturbances from other electrical or electronic
apparatus, may be different.
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Legend:
€jr = ew /rp
ey = permissible interference field strength at the position of the antenna of the victim receiver R
ey = wanted signal field strength to be protected at distance rat the position of the antenna of the victim
receiver R (derived from ITU specifications)
fh = protection ratio, i.e. minimum signal-to-interference ratio needed at the position of the antenna of the
victim receiver to guarantee a certain quality of radio reception (derived from ITU specifications)
€ = eir AN, Ib P (f'/d)x
€ = regulated disturbance field strength (CISPR limit) for sources of disturbance, i.e. other electric and
electronic equipment and apparatus] at measuring distance d, i.e. at the position of the antenna of the
measuring receiver M
m;, = factor for polarization match_between polarisation of e;, and polarisation of the antenna of the victim
receiver
I = screening factor of buildings or other obstacles
P = complex statistical probability factor, for considerations in this sub-clause defined to be 1, generally
elaborated in 5.2,~and in detail in 5.4. Further on in this report, separate components of this complex
probability factorp’may be denoted more generally as "influence factors".
X = wave propagation coefficient

NOTE The eguations above are only valid for absolute physical quantities.

Figure 2 — Model for remote coupling situation derived
disturbance field strength e;, at receiving distance r

Expressed in logarithmic quantities, the permissible interference field strength E;, at the
antenna input of the victim receiver is the minimum (or nominal) wanted field strength E,,
minus the protection ratio Rp:

Eir = E\AI —_ Rn

A minimum operational distance r between noise source and receiving antenna is specified
and with the use of an estimated or empirical wave propagation factor x, the acceptable
disturbance field strength E; at a specified measuring distance d is calculated:

E, = E, - Ry + x-20 Ig(r/d)
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Next some additional factors, as e.g. the screening factor of buildings or other obstacles L,

and the factor for polarization match M, should be introduced. Furthermore, a statistical

factor P on the probability of actual interference under operational conditions should be used
: : et N : fratd = i ‘ i

practice:
E,=E, - Rp + M + Ly + P+ x-20 Ig(r/d)

Such a probability factor P should take into account statistics of antenna directivity (in the
direction of the wanted transmitter and of the interference source), distance variations,
propagation variations, time coincidence, etc. (see also 5.4).

Adding the screening factor of buildings or other obstacles L, the factor fot“polarization

match M,., and the decoupling attenuation via distance L, = x-20 Ig (r/d) into,on€ new term L

and setting the statistical probability factor P to 1, we eventually get:
Ei=E,-Rp*tL

where L actually represents all relaxations in the limits agreeable by CISPR in terms of EMC
due to additional decoupling from the victim receiver for disturbances from electric and/or
electronic equipment relative to the maximum permissible interference field strength E;. at the

antenna input of a victim receiver R, calculable from thexradio parameters specified by ITU.

Accomplishing the above calculation by considerations to probability of interference, the final
result of this procedure will be a calculated limitiwhich is a good basis for an operational limit
guaranteeing that the requirements of the protection ratio Rp are met on a statistical basis

(x % of the actual cases). It should be noted that reliable statistical values for most of the
parameters mentioned above are still nét available to CISPR, and that in those cases rough
estimations can be used only.

Moreover the interfering effect of{signals in the out-of-band domain is more complex because
of the selectivity and non-linearity characteristics of the receiver which can differ from case to
case.

5.3.6.2 Close coupling

A simple model for close coupling situations is given in Figure 3. The noise source is
considered as an(RF generator with an e.m.f. Ug and an internal impedance Zg for each mains
connector/earth- combination (for simplicity only one mains connector is shown). The mains
network ish\connected between the noise source and the interfered receiver. The mains
network offers a RF impedance Z, to the source and transfers the energy from the noise

sourceto the mains input port of the receiver.

In-addition, part of the conducted RF energy is propagated as a magnetic and electric field.
For the close coupling situations generally, near-field conditions exist (ratio electric/magnetic
component undefined).

Two coupling paths exist between noise source and receiving antenna:

a) ihe path of disturbance conducted along the mains Network, the mains supply circuit ol the
receiver and common ground of the receiver's electronic circuitry to the grounding point of
the receivers RF input stage, and then via its antenna port input impedance to the antenna
itself (path a1), together with the coupling between the mains supply circuit and other
RF circuits inside the receiver (path a2). Paths a1 and a2 take effect only in case of mains
powered receivers;
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b) the path of disturbance conducted along and radiated by the mains network and coupled
directly to the external or built-in antenna of the receiver. Path b exists for both, AC mains
and battery powered receivers.

\4

Path b

Zs

" vy . —
Path a

Mains network

Noise source

e

IEC 1187/07

Figure 3 — Model for close coupling situations

In the case of external antennas, the RF power coupled throughlexternal path b) exceeds the
power via path a1 and a2 appreciably. Moreover the internal coupling via a2 is determined by
the mains immunity characteristics of the receiver, i.e. by, the screening effectiveness of the
internal IF and AF circuitry of the receiver, and it has\been shown that it is not difficult to
control the mains immunity factor of a receiver to anJadequate level. This is however not the
case for path a1 since the coupling always happens at the antenna port via the RF input
impedance of the receiver's RF input stage. Therefore the attention is mainly focused on
path b and path a1). Due to so far lacking investigation, for internal ferrite antennas no clear
distinction can be made between paths a)\and b). For build-in rod-antennas (used in the
frequency range 1,7 to 30 MHz) clear distinction can be made between path a1 and path b.
For calculation of CISPR limits in, frequency bands up to 30 MHz used for AM radio
broadcasting, it should be taken intolaccount that ITU-R Rec. BS.703 specifies a receiver with
built-in antennas (ferrite or telescopic rod antennas, depending on frequency range) as the
reference receiver.

The modelling starts the.same way as in the case of remote coupling. The acceptable
disturbance field strengthvat the receiving antenna is calculated from the RF protection ratio
and field strength to;be protected in the relevant frequency bands. In the next step the
coupling factor is measured from mains input (RF-voltage) to field strength at the antenna. It
is, however, mareyusual to define a transfer factor as the ratio of the RF-voltage injected into
the mains and the antenna output voltage (for a specified antenna). This factor is known as
the mains .decoupling factor. Because of the wide spread in actual situations, extensive
statistical( niaterial is needed to found a basis for disturbance limits derived from mains
decoupling factors. CISPR Report No. 31 (“Values of mains decoupling factor in the range
0,1 MHz to 200 MHz", see Annex A) shows median values, standard deviations and minimum
values of the mains decoupling factor. The effect of coupling path a) is described in 5.5.2.1,
whereas the effect of coupling path b) for mains and telecommunication line coupling is
described in 5.5.2.2.

Another statistical aspect in the calculation of limits in this concept is the variation of the RF-
impedance at the mains input. Although individual decoupling factors are determined by the
measured voltage, independent of the actual mains impedance, the interference limit shall be

defined for a fixed simulated impedance (artificial mains network impedance), in order to get
reproducible measuring results during CISPR disturbance measurements at standardized test
sites. In practice, the RF-load impedance of the mains network varies from location to location
and from time to time. This aspect should be considered in deriving a limit from mains
decoupling measuring data.
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In general, close coupling of an appliance connected to the mains can sufficiently be
evaluated by measurement of the disturbance voltage at its mains port. For a given mains
network, only one unique set of limits for conducted emissions at the mains port of connected
appliances should be used As a consequence, the stricter limit should apply, if for the mains

port two different limits result from the limit calculation for paths a) and b), respectively.

5.3.6.3 General

The derivation of limits from a hypothetical model requires the introduction of various
experimental data in such a model. As these data, as pointed out earlier, are based on
statistical measurements under different actual circumstances, the usefulness of such data for
general application is often debatable.

On the other hand, the implementation of suppression measures should be considered on
physical, operational, manufacturing and not in the least on economic aspects,.Therefore the
model should be used as a worthwhile starting point but the final limit value is-often the result
of an agreement between parties involved after extensive considerations and\negotiations.

5.4 A mathematical basis for the calculation of CISPR limits

This subclause contains the basic mathematical model that can\be used for calculation of
CISPR limits. The start-up point is the supposition that ther¢|is an identifiable probability
inequality to be satisfied, and the assumption that the parameters obey a log-normal
distribution.

5.4.1 Generation of EM disturbances (source of disturbance)

From the mathematical point of view any limit_Umust be calculated with the provision that
the inequality

Z=xly>1 (6)
is satisfied with some probability ¢

If in Equation (6) x and y are independent random values of quantities (e.g. of disturbance
signals, immunity, etc., which influence the radio reception quality) with log-normal
distribution, then 101g (x)\= X (dB) and 10lg (y) = Y (dB) will have normal distribution with
parameters u, (dB), ) (dB), o, (dB) and oy (dB). Hence X — Y = Z (dB) will have a normal

distribution with the \parameters

1/2
Hy = Hy = Hy and o, = [0',2( +a§]
In this,case
P(ﬁmj:P(ZZO):P[Z_”Z z‘“z}P[Z_”Z s“—z}/:(”—zj (7)
y oz 0z oz oz oz

where F denotes the normal N(0,1) distribution function (see [1]4).

The reliability of obtaining a pre-set level a for the quality of a radio service is expressed by:

a:p(£21j, therefore: 2 F(a)=t, (7a)

y 0z

4) Figures in square brackets refer to the Bibliography.
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where t, is the a-quantile of the centralized normal distribution (see [1], page 180).

Solving Equation (7a) relative to u, or My, We get:

Hy = py * t, 0, (8)
/uy = Uy~ tqo-z (9)

The CISPR limit L is determined for some quantile l‘B in distribution of probabilities of the

value x or y for which limits are established, in such a way that the following equalities\are
true:

B=P(X=Ly) i.e. Ly = tty = tg0, (10)
B=P(Y<Ly) i.e. Ly = u, + tgo, (11)

where fg is the pJ-quantile of the centralized normal distribytion' (see [2], page 84
example 2.17).

Substituting Equation (8) into Equation (10) and Equation (9) intdo Equation (11)

L, = py + t 0, — tgay (12)
Ly = puy—t o, ¥ tBO'y (13)

one is enabled to calculate limits for different:parameters, which ascertain the radio reception
quality.

5.4.2 Immunity from EM disturbances (victim receiver)
Inequality (6) has the form:

xly > 1
where

x is a parameter of\receptor immunity;

y is a parametéer of electromagnetic environment in respect to which the immunity limit is
established-

If the valug's X (dB) and Y (dB) are satisfactorily approximated by normal distributions with
parameters u,, oy, py, oy then

o (14)
In this case, according to Equation (12), the equation for the calculation of receptor immunity

limits has the following form:

1/2
L, = Hy * t, [0')2( +0';] - tBO'X (15)

5.5 Application of the mathematical basis

5.5.1 Radiation coupling

NOTE This describes the effect of remote coupling as in 5.3.6.1.
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This subclause adapts the basic model for the case where it is wished to protect a radio
service when there is radiation coupling from the source of EM disturbance to the antenna of
the radio receiver. The actual signal-to-disturbance ratio R can be expressed in terms of the
wanted signal, the disturhing signal, the propagation losses and the antenna gain, as follows:

R = E\(uyiow) + Gy(tgw:oGw)

= [Ei(150) + Gi(ugisoai) — LoltLo:010) — Lol piorp) + Mi(sm;om)]  dB (16)
where
E, is the actual field strength of the wanted signal at the position of the radio receiver's
antenna as a function of its mean value (x,,) and the standard deviation (g,,);
E; is the field strength of the disturbance signal at the measurement distange, ¢ on a test

site as a function of its mean value () and standard deviation (g;);

G,, is the actual value of the radio receiver’s antenna gain for the wanted signal as a
function of its mean value (xg,,) and standard deviation (og,,);

G; is the actual value of the radio receiver’s antenna gain for the disturbance signal as a
function of its mean value (ug;) and standard deviation (og});
L is the actual value of the factor which takes account of the attenuation of the

disturbance field strength on its propagation path to/the position of the radio receiver's
antenna when it is propagated through free space\without obstacles as a function of its
mean value (4 ,) and standard deviation (oj )0 relation to the measurement distance d

on the test site:
L, = x201g(r/d),

L, is the actual value of the facter. which takes account of the attenuation of the

disturbance field strength caused by obstacles in its propagation path as a function of
its mean value (y,,) and standard deviation (oy ) relative to the value for free-space

propagation.

is the actual value of the factor for polarization match between the disturbance field
strength E;, and the(receiving antenna of the victim receiver as a function of its mean
value (y,) and.standard deviation (o). The absolute value m; equals 1, when the
receiving antenna polarization matches the polarization of E;; and becomes less than 1
in all other_cases. Since M, and the related mean value u, are used in logarithmic
terms their quantities are equal to or smaller than 0 dB and thus always have a negative
sign-

If, as assumed, all variables on the right-hand side of Equation (16) obey a normal distribution
law;~then the distribution factors are related as follows:

MR =ty How — 4i— Hai t Mot Hp — Hm dB (17)

2 2 2 2 2 2 2 2
OR =0w +0g, +0 05 t0[,+0, +om (dB)2 (18)

With a normal distribution law the reliability of obtaining the pre-set quality of service can be

expressed by the following function of the normal probability distribution:
P(R>Ry) = F[-(Ry, —uR) ! orl = a (19)

therefore: UR = Rp +t, 0R (20)
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where t, = F1 (a)

By combining Equations (17), (18) and (20) an expression is obtained for the permissible

mean value (y;) of the disturbance field strength at a pre-set distance from the source of
disturbance:
Hi =ty ¥ dgw — Hgi t Mot Hip — Hm — Rp

2 2 2 2 2 2 2
_ta[UW+JGW+O-i +6Gi+0'|_0+0|_b+6m]1/2 (21)

The mean value of the disturbance shall be below the limit, and may be specified as follows:
B=PE<Eimy) e ELimit = 4 * o (22)

where

E imit is the limit for the disturbance measured on a test site at a specified distance; and

tg is the B-quantile of the centralized distribution functiofit,which corresponds to a

probability level of compliance with the limits.

The free space attenuation factor (4 ,) can be evaluated from

o = X-20 Ig{rid) (23)

where

r is an average distance between the disturbance source and the receiving antenna;
d is the pre-set or specified measurement distance on the test site;
x is the exponent which determines the actual free-space attenuation rate.

Combining Equations (21), (22):and (23) the limit is given by:

ELimit =Wt How — Hgi T X220 1g(rld) + 1, — ptm — Ry + 130

—t, [02 + 08y + 07 +0& + 0ty + 01 + 021112 (24)
CISPR Recommendation 46/1 (see CISPR 16-4-3) specifies that 80 % of series-produced
equipment should meet the disturbance limit, and that the testing should be such that there is
80 % confidence that this is so. For these conditions tg assumes a value of 0,84.
5.5,2 - Wire-line coupling
5:5.2.1 Mains coupling using the mains decoupling factor
NOTE This describes the effect of coupling path a) as in 5.3.6.2.

The required quality of radio communications is considered to be fulfilled, if the probability,
that the actual signal-to-disturbance ratio R is greater than the minimum acceptable value Rp,

exceeds a cpnr\ifinr{ value That is

P(R>Ry) > a (25)

where

R is the actual signal-to-disturbance ratio at the receiver's antenna port;
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R, is the minimum acceptable value of the signal-to-disturbance ratio at the receiver's

antenna port;

p

a is a specified value representing the reliability of radio communications.

The relationship between the actual signal-to-disturbance ratio and generated electro-
magnetic disturbance is:
R=U

U U +K dB (26)

w~ Yir=Uw ™~

where
U,, is an effective value of wanted signal at the receiver's antenna port or feeding point;

U, is the permissible effective disturbance level at the receiver's antenna port or feeding

point;

ir

U.

i is a value of a specified component of the electromagnetic disturbance)(as e.g. voltage,

current, power, etc.) measured at the mains port of the disturbancg“source in a specified
way using specified equipment (i.e. a quasi-peak detector);

K is a decoupling factor defined as a ratio of U, to an effectiveyvalue of electromagnetic
disturbance signal U;, at the receiver's antenna port or feeding’point.

For the situations where the disturbance is coupled predominantly by conduction (frequencies
below 30 MHz):

K=K, +17dB (27)
where
K., is the mains decoupling factor relating)U; measured at the source (by an artificial mains
network) to the value of disturbanee at the mains input to the receiving installation;
/ is the mains immunity factor relating the value of disturbance at the mains input to an

equivalent disturbance whichy’if applied at the antenna port or feeding point of the
receiving installation, would produce the same effect.

NOTE Such a receiving installation may comprise a usual broadcast radio receiver with built-in antenna, or
a professional radio receiver connected to an external outdoor antenna as well.

It has been established experimentally that probability distributions of U,, (dB), U; (dB) and K

for arbitrarily selected disturbance sources, radio receiving installations and distances
between them is'well approximated by a normal distribution law.

A limit for_electromagnetic disturbances applying to the mains port of the disturbance source
is established for a definite quantile Uj(p) in the probability distribution of U,. A permissible

valge L for Ui(p) is selected in such a way that at Ui(p) = L, a reliability of guaranteeing a
radio reception which has a quality R > R‘p would be equal to the specified value «:

ULimit = Lpr(U)) = uyw * 1 — Ry + tgoy; — t(x[O-LzJW +0'L21i +og]'2 (28)

1 and o2 are expectations/variances of corresponding components: t, = F~1(a). tg = F-1(R)

are arguments of a standard normal distribution function (with zero mean and variance of
unity) which is equal to ¢, and tB’ respectively.

For series-produced articles CISPR recommends that 8 = 0,8; then tB = 0,84. A value of a is

selected between 0,8 and 0,99, depending on the type of a radio network (radio broadcasting,
air navigation, et al). When a = 0,95, then t, = 1,64.
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It has been found experimentally that o) is the most significant factor. A change in the value
of o with an equivalent change in the limit for U, results in no variation from the specified
quality and reliability of radio performance. Therefore, limits are calculated for equipment

[ocated in similar conditions relative to radio receiving installations of a given radio neiwork.
For instance, in order to protect a broadcast reception in dwelling houses, it is enough to
consider two groups only:

— equipment located in dwelling houses or connected to their supply mains;

— equipment located outside dwelling houses.

The second group, on the basis of economic considerations and separation distance,vis
divided into the following subgroups: power lines; electric transport; motor vehicles; industrial
equipment located in an assigned territory; etc.

5.5.2.2 Mains and telecommunication line coupling by radiation from a network
NOTE This describes the effect of coupling path b) described in 5.3.6.2
This model assumes:

— the injection of symmetric (differential mode), asymmetric ' (common mode) and
combinations thereof (i.e. unsymmetrical) voltages/currents>-into the network and the
conversion of symmetric and symmetric components of unsymmetrical voltages/currents
into effective asymmetric (common mode) voltages/currents due to the properties of the
complete installation (network including connected apparatus);

— the attenuation of asymmetric disturbances between source and victim receiver location
along the distribution network

— the generation of a magnetic (near-)field by asymmetric (common mode) disturbance
currents and the coupling of this field inté-ferrite antennas of broadcast radio receivers in
the long and medium frequency ranges;

— the generation of an electric (neary)field by asymmetric (common mode) disturbance
voltages and the coupling of this field into telescopic rod antennas of radio receivers in the
higher frequency range, and

— in the frequency range above. about 10 MHz the generation of an electromagnetic field by
the asymmetric (common<mode) disturbance power via a radiating half-wave dipole and
the coupling of this field>into the antenna of radio receivers operating in this frequency
range.

Similar to 5.5.1 we d€fine the following quantities (with log-normal distribution):

is the actual field strength of the wanted signal at the position of the radio receiver's
antenna_as a function of its mean value (u,,) and standard deviation (o,,);

is the actual field strength of the disturbance signal (generated by the asymmetric
disturbance current/; on a cable of the network (E; = Z, H;,), or generated by the
asymmetric disturbance voltage U; or generated by the asymmetric disturbance
power P,) at the position of the receiving antenna as a function of its mean value () and
standard deviation (o;);

is the actual value of the factor for polarization match between the disturbance field
strength Eir and the receiving antenna of the victim receiver as a function of its mean

valua nd ctandard An\nnhn (= \ Than nhonlnl-n unlnn aauale 1 \ulnn

n A tha
varot \/"m/ ahe—Stahaara—eaevatoh (Om/— e TaPoorur o u:”,. cooato— viITCT—tre

receiving antenna polarization matches the polarization of E;, and becomes less than 1
in all other cases. Since M;, and the related mean value 4, are used in logarithmic terms
their quantities are equal to or smaller than 0 dB and thus always have a negative sign.
C  is the value of the conversion factor C, = E;//I; or C, = E,/U; or Cp = E;/P; as a function
of its mean value (x;) and standard deviation (o). C, and C, can be estimated, in a first
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approach, by use of the law of Biot-Savart, if for that estimation the impedance Z at the
point of interest is taken into account, and Cp can be estimated by the field strength

expected from a tuned half-wave dipole substituting a certain cable length at the given
laeation l'\ 1 loaarithmic cuiantitine hanamas A~ A

41 [« fal ala allar Ha rithm =X Xt b 41
rocatoR—oHhee—1S ulvvuyo SHaer—thah LI HS—16 H(JIILIIIIII\J \.1UCIIILILI\.¢\J ISASAVASAR AR RASAY Lo p AV

A is the value of the attenuation between /|’ (resp. U; or P;’) at the source location and /;
(or U;, or P; respectively) at the receiver location as a function of its mean value (uy,)
and standard deviation (oy;

Z is the value of the (frequency-dependant) impedance between the effective asymmetric
disturbance voltage U, and the effective asymmetric disturbance current /; at the same

(e.g. source) location as a function of its mean value (x,) and standard deviation (oy);

U’ is the value of the effective asymmetric voltage at the source location as funegtion of its
mean value (y,) and standard deviation (o,);

P, is determined by the ratio of U;2/Z or I;2-Z at the points of interest;

Then (written as logarithmic quantities) the actual signal-to-disturbanceratio R is
R = Ey (ttwiow) = [Eir(ti 6ir) + Mip(ttm; om)] (29)
with
Eir (tir; o) = U (13 0y) = Z(1550,) — Alg; 03) + Clug; o) (30)
and the permissible mean value of the disturbance.field strength will be obtained using:
Hir = ty = i = Rp ~ 1o (0% + 02 + 0,212 (31)

4, can also be expressed as y; /dB(a¥/m) = p /dB(uV) — 1,/dB(Q) — u,/dB + u/dB(Q/m), and
oj, can be expressed as 6,2 = 0,2 #0,2 + 0,2 + 0,2 (units of o in dB).

Therefore the permissible .mean value of the asymmetrical (common mode) disturbance
voltage can be defined as

Hy = My — Hm — Rp tpy t g — He — ta(awz + Umz + Guz + 022 + Uaz + 002)1/2 (32)
Taking into account Equation (22), the limit U, becomes
ULimit =My — Hm — Rp oy g — pe + tgoy — tot(o'wz + O'mz + O'uz + 0'22 + O'az + 0'02)1/2 (32a)

Respectively, in the frequency range above 10 MHz, the disturbance field strength can be
estimated by

Ei, = 71dVP; (33)

That means that

L /dB(uV/im) = 20 Ig(7/d)/dB(Q"/m) + w,/dB(nV) — O,Syz/dB(QVZ) — u,/dB
For d = 3 m, the first term is 7,4 dB

= (ty = tm = Rp + g + 0,50, = 7,4) — ta(ow? + om? + 0,2 + 0,214 + 0,2)1/2 (34)
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Taking into account Equation (22), the limit U, becomes

Ulimit = (4 = e — Ry * 15 + 0,51, — 7,4) + tgo, — t,(0,° + 0,2 + 6,2 + 0,214 + 5,2)12 (34a)

Example for the AM frequency range:

According to ITU Recommendation BS.703, the minimum receive field strength u,, (o, set to
0) should be

— for Band 5 (LF): 66 dB(uV/m)
— for Band 6 (MF): 60 dB(unV/m)
— for Band 7 (HF): 40 dB(pnV/m) (for DSB and SSB modulation)

whereas the other mean values have been assumed as

— RF protection ratio: Rp =27 dB

— Polarization match: Uy =—6dB,and o, =4 dB

— Impedance: 1, = 34 dB(Q) (i.e. Z=50 Q), andjo, = 4 dB

— Attenuation: Uy =10dB, 0, =5dB

— Conversion factor: U = — 27 dB(Q/m), if thereceiver is assumed to operate at
a distance of 3 m from a cable of the network, with
o, = 3 dB.

— Standard deviation of the
disturbance voltage: o, = 15 dB_ (see Figure 4 below)

Applying Equation (32a) to the MF range, with t, = 0,84 and tg = 0,84, the permissible mean

value of the asymmetric disturbancevoltage becomes 41,67 dB(uV) and the calculated limit
becomes 54,27 dB(uV).

Using Equation (34a) for the.range at 30 MHz we get the permissible disturbance mean
voltage as 15,1 dB(unV) andidhe calculated limit becomes 27,7 dB(uV). This value is calculated
under the assumption of far field conditions.

Guidance for field-stréhgth measurements:

In the long andimedium wave frequency bands, the disturbance field strength should be
measured withva loop antenna, whereas in the short wave frequency bands, the disturbance
field strength should be measured with a highly balanced shortened dipole antenna (it is not
possible to“use rod antennas in buildings since the counterpoise is floating).

Example of a measurement result:

It-is normally not possible to model complicated network structures, like e.g. AC mains
networks. It is therefore necessary to make a sufficient number of measurements with
subsequent statistical evaluation of the results. For that purpose it is advisable to feed a
certain (common or differential mode) power into the network and to measure the maxima of
the magnetic (or electric) field strength at defined distances from the feed point along the
network and at certain distances (e.g. 3 m, which may be difficult inside buildings) from the

network lines, at a number of points which is sufficient for the determination of valid statistical
parameters.

The measurement results presented in Figure 4 have been obtained in a study executed in
Dresden commissioned by the German administration, see [3].
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All data for the conversion factor were obtained by measuring the magnetic component of the
disturbance field strength H, in a building with 4 feed points using 26 different field-strength

measurement locations. For the standard deviation s(Hy), the right hand scale of Figure 4
appties.
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Figure 4 — Example of conversion factors —
field strength,/ common-mode voltage (in dB) —
at feed point, found in practice

The conversion factor (field strength divided by common-mode voltage, in dB) helps to
determine limits for the cemmon-mode voltage for a given scenario (with e.g. the radio service

operated at a certainidistance from the network, and assuming a specified longitudinal
conversion loss (LCL)for the network).
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Magnetic field strength generated by a symmetrical voltage of 105 dB(uV)
depending on the measurement distance
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Figure 5 — Example of conversion factors —
field strength generated by differential-mode voltage —
at feed point,\found in practice

Other conversion factors have beensobtained feeding a certain differential-mode power into
power-line networks (see Figure 5)~The comparison of the conversion factors for differential
and for common-mode power willk'show the effective differential mode rejection of the network.

Figure 5 shows an example, of results from measurements of the magnetic disturbance field
strength (H-field convertedito E-field using the free-space wave propagation impedance Z;)

generated by a differeatial-mode voltage injected into a LV AC mains network between life
and neutral lines. From this measurement result, the conversion factor from differential-mode
voltage to field strength can be obtained. (The example indicates the 90% value of the field
strength, i.e. the-field strength not exceeded by 90% of the values. The results base on
48 measurement points within a distance of up to 3 m, 57 measurement points between 3 and
5 m and 87 measurement points between 5 and 30 m.)
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Figure 6 — Example of conversion factors —
field strength generated by differential-mode voltage -
outside buildings and electrical substations, found in practice

Figure 6 shows an example of results of measurements of the magnetic disturbance field
strength (H-field converted to E-field using the! free-space wave propagation impedance Z;)

generated by a differential-mode voltage of 408 dBuV (9 kHz) injected into a three phase LV
AC mains network between two phase liftes” The red line indicates the 80% field strength, i.e.
at least 80% of all measurement results‘are lower than the red line value, with a confidence of
80%. The results base on measureménts at 160 points within a distance of 3 m from buildings
and electricity substations. Notice that this is not always identical with the distance to the
cables of the mains grid.

Figure 7 shows an examplée’ of results of measurements of the magnetic disturbance field
strength (H-field converted to E-field using the free-space wave propagation impedance Z;)

generated by a diffetential-mode voltage of 108 dBuV (9 kHz) injected into a LV AC mains
network between phase and neutral lines. The red line indicates the 80% field strength, i.e. at
least 80% of allkmeasurement results are lower than the red line value, with a confidence of
80%. The results base on measurements on 67 points within a distance of up to 3 m from the
cables in the middle of normal rooms inside buildings.

NOTE._Figures 6 and 7 show the coupling factor k as a function of frequency. It is defined as the transfer function
between the forward power injected into the LV AC mains network and the produced field strength. Using k, the
upper’limit value of the wanted signal power may be determined which may be injected into a telecommunication
network without exceeding a given disturbance limit.
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Figure 7 — Example of conversion factors —
field strength generated by differential-mode voltage -
inside buildings, found{in practice

5.6 Another suitable method for equipment.in'the frequency range 150 kHz to 1 GHz
5.6.1 Introduction

The purpose of this subclause is to réview studies made for the derivation of CISPR limits for
the protection of telecommunications from interference from RF ISM equipment and to
conclude from these a recommended method which meets the objectives of CISPR and ITU.
The model deals only with, radiation which occurs outside the wanted frequency bands
designated by ITU for use by industrial, scientific, and medical (ISM) applications, i.e. outside
the ISM bands.

5.6.2 Derivation of limits

The full range of-parameters to be taken into account in the derivation of limits is shown in
Table 3 together with the major radio services requiring protection.

5.6.2.1 -Protection of communication services

Thé wanted field strength to be protected, the protection ratio required for the different types
of _radio services, the distance from the source at which protection is necessary, and the
attenuation law to be used in the calculation are important. These are matters in which ITU
support is essential.

5.6.2.2 Proposed model for use in calculating disturbance limits

Thefactors—that-havetraditionalyrbeenincludedinmodels for predicting—interference—from
radio-frequency sources are listed in columns 1 to 10 of Table 3. By assigning appropriate
values to each parameter, for example, field strength to be protected, protection ratio, etc.,
worst-case limits for protecting the various communication services from interference from a
certain type of equipment may be determined. However, a model which is based on worst-
case parameters is both technically and economically unrealistic since it ignores the fact that
there have been very few instances of interference attributed to the distinct type of equipment
actually considered. It is therefore critical that the experience in this subject should be taken
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into account. Thus, the benefits of worldwide experience in this subject can be included
although it is recognized that the probability can only be a qualified estimate at present,
because so many complex factors are involved as shown in 5.6.2.3. Determination of
numerical values of the probability for the various radio services is urgently required and

studies are being undertaken in several countries.

5.6.2.3 Probability factors

Probability of coincidence of adverse factors:

P =Py x Pyx Py x Py xPgsxPgxPy;xPgxPgxPqg (35)

where

P, is the probability that the major lobe of the radiation is in the direction of the victim
receiver;

P, is the probability of directional receiving aerials having maximum pick-up in the direction
of the disturbing source;

P5 is the probability that the victim receiver is stationary;

P, is the probability of equipment generating a disturbinigysignal on a critical frequency;
P is the probability that the relevant harmonic is below the limit value;

Pg is the probability that the type of disturbing “signal being generated will produce a
significant effect in the receiving system;

P, is the probability of coincident operation of the disturbing source and the receiving
system;

Pg is the probability of the disturbing source being within the distance at which interference
is likely to occur;

Py is the probability of coincidence that the value of radiation at the edge of service area for
the protected service justimeets the limit for the RF disturbance;

P40 is the probability that buildings provide attenuation.
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Table 3 (continued)
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radio
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(1)

20,00 to

30,00
21,00 to

21,45
24,89 to

24,99
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29,70
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68,00
50,00 to

54,00
68,00 to

72,00
76,00 to

87,50
87,50 to

108,00
108,00 to

156,00

144,00 to

148,00
156,00 to

174,00
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5.6.3 Application of limits

The CISPR has traditionally adopted the view that there should be only one limit for each type

£ IH Il 4l 4+ Al a1l la <l +=l bl ++ o 4+ + + 1
Ul appiarnove. 11T Ui paot, Ulo dppliualll Tido TIiaU CUTToTUTTdUIT THTTIL, DUl wWwdo TTTuTTasitiygly
difficult to sustain. Thus, it has been found useful to introduce several classes of limits, e.g.
for disturbances from RF ISM equipment (see CISPR 11).

5.6.4 Overview of proposals for determination of disturbance limits for a given type of
equipment

5.6.4.1 Determination of limits from practical experience

The exponents of this approach state simply that limits in use in their own country hayve been
proved by practical experience to give adequate protection.

This is a powerful argument which cannot be ignored. The technical evaluation of coupling
between sources of interference and communication services is very complex and virtually
impossible to define precisely in mathematical or practical terms mainly\because control of
the various parameters is impossible and the spreads on measured, values are very wide.
Experience is therefore valuable. Unfortunately, the same factors\which make experience
valuable tend to militate against the acceptance of this approach unless the experience
gained in a sufficiently large number of countries leads to similar conclusions. In this case,
however, there is not a sufficiently large number of countries supporting the unqualified
application of the actual limits but there is clearly a needxto support the approach as one
factor in the consideration of limits.

5.6.4.2 User and manufacturer responsibility foravoidance of interference

In a number of countries, user regulations are-in force.

User limits may take one of several form‘outlines as follows:

a) regulations may require users_of an appliance to meet certain limits if interference is
caused;

b) if interference is caused, <regulation may require an user of an appliance to cease
operation until the interference is abated;

c) regulations based on:the licensing of operation of a certain type of apparatus.

These approaches-@on their own satisfy neither the ITU/CISPR criteria for avoidance of
interference nor the' CISPR requirements for avoidance of technical barriers to trade. User
limits would probably, in any case, be quite unacceptable in a number of countries as they
place the userin an unfavourable position legally, financially and technically.

User regulations in conjunction with manufacturer regulations are a different matter. In these
the user may be required to maintain suppression to the standard of new equipment and his
financial, legal and technical obligations are therefore clear.

Examples of limits which are in use for user-only regulations are those in force in the United
Kingdom for industrial radio-frequency heaters in the frequency range 0,15 MHz to
1 000 MHz. These broadly conform with the present CISPR limits with a provision of a 10 dB
more stringent limit where interference is caused to safety of life services.

Other examples are the USA reqgulations which take the form described in item b) and the

German regulations which take the form of item c). In the USA, the Ilimits for
RF ISM appliances are considerably less stringent than those recommended by CISPR.

5.6.4.3 Calculation of limits on a worst-case basis

This method of arriving at limits is intended to provide a high degree of protection for all radio
communication services. Limits are calculated using minimum values of field strength to be
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protected, high values of protection ratio, maximum coupling between disturbance sources
and radio communication receivers, and minimum values of attenuation with distance of the
disturbing signal.

At first sight, this approach might seem to be ideal as it would, if implemented, lead to an
ideal situation of very low values of man-made ambient radio-frequency noise. The cost to
society of the adoption of such limits, however, would be high and it would be impossible, with
present technology, to continue to operate many electrical devices, which would not
contribute to the welfare and health of the human race.

5.6.4.4 Determination of limits by means of statistical evaluation

This approach states that the control of radio interference has to be treated statistically
because the many factors involved are not under the control of the engineen and those
parameters which are capable of measurement have very wide spreads of values,

The statistical evaluation approach has to overcome these difficulties. I{{should satisfy the
communicator that communication services will receive adequate protection under normal
circumstances of correct use, and the manufacturers and users of electrical equipment that
economic, operational and safety considerations are being correctly/taken into account.

5.6.5 Rationale for determination of CISPR limits in thefrequency
range below 30 MHz

5.6.5.1 General

With this subclause, a method for the estimation™of disturbance limits for a given type of
equipment is described. This approach can be applied for the frequency range below 30 MHz.
For radiation coupling, dependence of the permissible disturbance field strength from the
wanted signal g, the signal-to-disturbance-ratio Rp, and other influence factors can be

estimated based on Equations (21) and (22)found in 5.5.

This model should be used by Prpduct Committees to determine the disturbance limits
measured on a EUT in standardized test sites. This model is considered suitable for point
source magnetic field devices and not for distributed or complex systems.

Ten probability or influepce factors P, to P,y have to be considered according to 5.6.2.3.
However, for better alighment with terminology used for statistics the ten influence factors P,
to P,q are further trgated in their mean values as up4 to upqq. It shall be noted that the values
for up4 to upq1g €AD be used in logarithmic terms (i.e. in dB) only.

Taking int6 account Equation (22) we can write

Elimit = &4 + 30 (36)

Then taking equation (21) into account, noting that tg = 0,84, and the limit becomes:

Elimit = #w = Rp + #ip1 + tpp * tpg + fipa * tps * tpe + Hp7+ tipg + Hpg * Hp1o

2 2 2 2 2 2 2 2 2 2)1/2
+ 10} — to(0p1 2+ Opy? + Opg?+ Opy?+ Ops? + Opg? + Op7?+ Opg? + Opg? + 0pgg?)/2  (37)

where

Einit is the mean value of the permissible disturbance field strength at a specified
distance d from the disturbance source;
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Ly is the minimum value of the wanted field strength at the edge of the service area of
the radio service concerned;

R, is the minimum acceptable value of the signal-to-disturbance ratio (i.e. the protection

N

Q-
Q.
O
3

ratio) at the receiver's antenna port or feeding point;

Hp1 is the mean value of the main lobes of the magnetic dipole radiation in the direction

{

of the victim receiver; Q

Op1 is the standard deviation of Py; q/Qq’

Upo is the expected mean value when the directional receiving antenna has its maxin@/
pick-up in direction of the disturbance source; @

Up3 is the expected mean value when the victim receiver is stationary; xv

Hpy is the expected mean value when there is equipment generating a dis@%ing signal
on a critical frequency; ,\

Ups is the expected mean margin when the relevant harmonic is belo e limit value;

Upg is the expected mean value when the type of disturbancg(%ignal generated will
produce a significant effect in the receiving system;

Up7 is the expected mean value when the operation o&he disturbance source is
coincident with the receiving system; ,

Upg is the expected mean value when the disturba bsfource is located in a distance to

the receiving system within which interferen ) ikely to occur;

Hpg is the expected mean value when the valie*of radiation at the edge of service area
for the protected service just meets th&@nit for the RF disturbance;

Hp10 is the expected mean value when b@mgs provide attenuation.

Equation (37) is valid for mean value sﬁsf influence factors (given in dB) assuming a log-
normal distribution of their figures. ice that the latter may not be fulfilled for each factor in
each individual case. By insertin @propriate practical figures, Equation (37) can be used to
estimate a limit E|;,;; for the per\\rgzssible disturbance field strength.

NOTE Within these calculation§?y 20 log has been utilized for distance elements and 10 log for the others,
assuming power and not voltag\'

5.6.5.2 Considikglon and estimated values of ypy to upq

5.6.5.2.1 Radl‘&@on pattern of the disturbance source (up4)
Y)

5.6.5.2.1 \Consideration of Hp1

.

The @iiontal plane radiation pattern on a small purely magnetic antenna is described in dB
u&)@y

G(¢) = Gpyax + 20 log (sin(o)) (38)
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Figure 8 — horizontal plane radiation pattern on a anl purely magnetic antenna
@/
In the general case the victim may be in any poss@lja\direction with equal-probability. The
mean value and standard deviation of the gain caﬂ e calculated by the following averages
over half of the circle. QQ.

avg = p))=—x|Glp)de
G <<A 6(0))=—-x[6lp)d (39)
0
QQ
\\ 2 2 2
Do = AvglG(e)?)-(Avg(G(p))
n (40)
$\\§\ = %j(G((p))zd(p - Gavg2
0

R\
Numerical calcd@on of Equations (39) and (40) gives the average gain Gavg = Gax — 6,0 dB

and the sta{\ d deviation og = 7,9 dB, which lead to spg = G55 — G,yg = 6 dB and 0 = 7,9
dB O

5.6(3%.1.2 Estimation for the yp,
@ Hpq =6dB, UP1=8dB

5.6.5.2.2 Antenna gain of the victim to the disturbance source (up,)
(the directional receiving antenna have its maximum pick-up in direction of

the-disturbanee-souree}

LLLA- A %L] ,
5.6.5.2.2.1 Consideration of yp,
In the frequency range below 30 MHz, a typical receiving antenna used with broadcast
receivers is a rod antenna. Other antennas are also used. These antenna gains can vary to as

much as —10 dB to 10 dB, however it can be assumed that 67 % of all antennas show a gain
of within 3 dB of an isotropic antenna.
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5.6.5.2.2.2 Estimation for the possible range of up,

Hp2o =-3 dB, OPZ =3dB

5.6.5.2.3 Stationary receiver (up3)

5.6.5.2.3.1 Consideration of up; (19
Q

Below 30 MHz, it is likely that the victim receiver will be stationary; hence the value should tﬁ/q/
0 dB.

5.6.5.2.3.2 Estimation for the possible range of up; x?“
,Llp3=0dB, Op3 = 0 dB .(19

5.6.5.2.4 Equipment generating a disturbing signal at a critical fr@ncy and
relevant harmonics (up,) %
Q

5.6.5.2.4.1 Consideration of up,

For the source of the magnetic disturbance from monitors }h’d plasma TVs, the issue will
appear for the fundamental frequency and the harmonics. Assuming the fundamental
emission from the disturbance source is at 250 and its harmonics will occupy
approximately in the ratio of 5:1. Based upon a variQQn of +25 kHz, giving a value of 50 kHz

(7 dB). A
&

For the source of the magnetic disturbance@n induction cooking equipment, the issue will
appear from the fundamental frequency, d the harmonics. Assuming the fundamental
emission from the disturbance sourde ~is at 50 kHz and its harmonics will occupy
approximately in the ratio of 2:1. %s@j upon a variation of 12,5 kHz, giving a value of
25 kHz (3 dB). Q

NOTE 1 The values below were (@g\d from 10 log (1/5) = —=7 dB and 10 log (1/2) = -3 dB hence the mean
values 5 dB and the range of 2 dB.

)

NOTE 2 Other sources of di ance may be from electrical car charging stations, phone charging systems and
these are estimated to give$ni ar values.

We have assumeddb frequency dependency relevant to the limits.
O
A typical re,s@‘rse of a source of magnetic field disturbance is present in Figure 9.

o

.
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Figure 9 — typical source of magnetic fjb(d disturbance

5.6.5.2.4.2 Estimation for the possible range of@‘,

Hpyg = 5dB %op“_: 2 dB

5.6.5.2.5 Margin that the relevant harngﬁlcs are below the limit value (ups)
5.6.5.2.5.1 Consideration of Mzéo{(

This value has been coverede\@m

L e .
5.6.5.2.5.2 Estlmatlom@ the possible range of up5

This value has bee@&vered in tpy.

O
5.6.5.2.6 cted mean value that the type of disturbance signal generated will
C) oduce a significant effect in the receiving system (upg)

5.6. w Consideration of ypg

(} he frequency range below 30 MHz, since the bandwidth of the unwanted signal and
andwidth of the receiver are of similar values, upg should be set to 0 dB.

For the example of plasma TVs and induction cookers in the frequency range below 30 MHz,
typically since the bandwidth of the disturbance source is greater than the bandwidth of the

receiver, upg should be set to 0 dB.

NOTE AC mains cable is not an issue of interference to radio receivers at the frequency below 30 MHz because
this aspect is already covered by the conducted emission requirement defined in the standard.
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5.6.5.2.6.2 Estimation for the possible range of upg

tpg = 0 dB, Range opg = 0 dB

5.6.5.2.7 Expected mean value that the operation of the disturbance source is
coincident with the receiving system operation of the disturbance source

(#p7)

-

('1/.
?&Q

per

5.6.5.2.7.1 Consideration of up,

In the case that a receiver is operated for 24 hours, from the typical sources in 24 h
day, plasma TV is 8 hours, PV Inverter 8 hours and induction cookers 2 hours operg&e;d.

NOTE The estimated values given in 5.6.6.2.7.2 were derived by 10 log (time of operation (hourpi/@4).

5.6.5.2.7.2 Estimation for the possible range of up; @Q\.
4p7 = 6,5 dB, Range op7 = 3,5 dB ,\x?~
Q

5.6.5.2.8 The disturbance source is located in a distance e receiving system
within which interference is likely to occur (yg.‘sb&’
s/

5.6.5.2.8.1 Consideration of upg ,\(b

The limit of the disturbance is specified for the teéfs%’?e with a normative fixed measurement
distance d. In practice, the actual distance r b%é@en the disturbance source and the victim is
usually quite different when the victim is useq-o intended.

D

The normative measurement distance H\Cg 3 m. The ratio of the two distances r and d
determines the additional attenuatio%

The estimated value ypg usuall&%creases the permissible limit and has to be added on the
right hand side of Equation (Q\Q}

)
5.6.5.2.8.2 Estimatio\g’& the possible range of upg

The value of upg is@a@culated by:
O
O
o

where®\ *

upg = X x 20 log (r/ d) (41)

rC)O is the actual distance between source and victim;

. is the measurement distance;

OQ‘ X is the wave propagation coefficient, typical value to be determined based upon Annex

é
&S

B.

The estimated distance has to take into account the average distance for the intended use of
the radio equipment Inserting practical distances into Fquation (41) will provide the passible

{
S

range of upg.
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5.6.5.2.9 The value of radiation at the edge of service area for the protected service
(#pg)

N

6-5-2-9-1+—Censideration-ofzpy

Due to propagation complexities related to the transmission properties relating to this
frequency range (including solar storms, variation of the reflecting condition at the ionosphere
and the time of day) it is difficult to define actual coverage areas of the radio service. There
will still be areas were the service will have sufficient signals and other areas where there will(l/Q
be insufficient. Hence a basic approximation could be based upon a simple circularq’/.

response and the ratio between the two different coverage areas. ®Q
5.6.5.2.9.2 Estimation for the possible range of upg ,\x?~
N
_ _ Q
lipg = 3 dB, Range 0pg = 3 dB )
N\ -
5.6.5.2.10 The expected mean value that buildings provide atten@n of the building
(#p10) ,\x
Q

5.6.5.2.10.1 Consideration of up4q (19

In this frequency range the worst case attenuation of buildirﬁzb\‘/vill be 0 dB.

NOTE Depending on the situation, building attenuation can be ta'Rbn into account. Any attenuation may impact
both the reception of the radio service and the amount of interf e source observed. Hence this may need to be
taken into account with the performance of the receiving ante

5.6.5.2.10.2 Estimation for the possible r%@g;f Hp10o
Hp1o = 0§%ange Op10 = 0dB

5.6.5.3 Rationale for determlnaQ@ of CISPR limits for photovoltaic (PV) power
generating systems \\

For a model for the derlva%)s}\ of limits for photovoltaic (PV) power generating systems see

Annex C. \"Q
5.6.5.4 Ratlonaleéc@determmatlon of CISPR limits for in-house extra low voltage (ELV)
Ilghtlng tallations

For a modelatrr the estimation of radiation from in-house extra low voltage (ELV) lighting
installatioc}\see Annex D.

.

5.6§ Model for limits for the magnetic component of the disturbance field
C) strength for the protection of radio reception in the range below 30 MHz

.6.6.1 General
o

O Recently, new electric or electronic devices having unintentional emissions below 30 MHz
were introduced in the market. As the classical examples of these devices, there are plasma

TV sets, power line communications devices, wireless power transfer, induction cooking
rln\/ir‘nc, and so on. As the devices have been ||Qing inr‘rnncingly, itis rnqnirnd to establish an

N
P

Oy

appropriate model for deriving radiation limits in order to protect existing radio services at
frequencies below 30 MHz.

This document contains statistics of complaints and mathematical models for the calculation
of electric field limits related to the protection of radio services without the consideration of



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017 - 55—
+AMD2:2020 CSV © |IEC 2020

magnetic radiation within the near field region. Hence, development of other analytical models
is required for the derivation of radiation limits on the devices having magnetic disturbances.

———
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5.6.6.2 Model for magnetic field limits below 30 MHz

This model is established for calculation magnetic field limits required for the protection of
radio services against interference from various types of magnetic field sources using below
30 MHz. This method for calculation of magnetic field limits for protection of radio services
below 30 MHz is depicted in Figure 10.
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m magnetic dipole moment

E;, permissible intekference electric field of victim receiver

H;, permissible~interference magnetic field of victim receiver

Pis,ERP effective radiated power of interference source at distance r from victim receiver

Hiimit magnetic field limits for interference source at measuring distance d, i.e. at the position of the antenna

of the measuring equipment

Figure 10 — Model for magnetic field limit at measuring equipment
Fhe permissible interference electric or magnetic field (E; or H;) of victim receiver can be
derived from a method considering noise level or a method considering signal to disturbance

ratio (Rp).

The method considering noise level is as follows:

E (dBpV/m) of a victim service is corrected for the bandwidth of the victim receiver:

noise

Enoise = Enoise,b +10 |09 (bvictim / bnoise) (42)

where
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N

bpoise is the measuring bandwidth of noise (kHz);

byictim is the bandwidth of victim (kHz);

Y i + Alo ] dns K 1ol 4 Alo £ + £ D ol s R D D Q709 /[l NLL AV
Enoise,b IS T TITULUITU TITTU SUITiTygun UT TTUTST TTUTTT TANCUUTTITTIITTTUaliuIT TTU=STN T O£ \UDJ VT/TIT).

NOTE E icep IS defined by an ITU-R document as the background Gaussian noise level (excluding impulse and

burst noises), assuming the reception with a loss-less omni-directional antenna and an ideal receiver. In the case
that the antenna and feeder losses or receiver noise cannot be negligible, reference noise level should be defined
by the system noise level.

-

In case of broadband interference, the bandwidth ratio BWR (dB) should be include@’

calculate the permissible interference electric field E;. (dBuV/m): @
’\"?~
Eir = Enoise + BWR Q\ (43)
The bandwidth ratio is defined: Q’\”
BWR =10 log (bmeasuring - bvictim) /\)(?~ (44)
where (LQQ
bmeasuring is measuring bandwidth of interferer (kHz). b‘

/

When the bandwidth of the interfering signal is not wiq@han the victim receiver bandwidth,
BWR = 0 dB should be assumed. Q‘

The method considering Rp is as follows. QQ~

In the case where the minimum received @ strength E;,, (dBuV/m) and the Rp (dB) of the

victim receiver are known, the permissi interference electric field is calculated:
\\Q .= Epi — Rp + BWR (45)
&

From the permissible interference electric field, the permissible interference magnetic field H;,
(dBpA/m) can be obtain

R\
O
And then, Q@)effective radiated power ERP of interference source at distance r from victim

receiver @m be determined by propagation attenuation loss between interference source and
victim§réceiver. Propagation attenuation loss exponent is normally in the range of 2 to 4

H. = E.

r r

-51,5 (46)

(w is for propagation in free space, 4 is for relatively lossy environments). In some
nments, such as buildings, stadiums and other indoor environments, the propagation
gﬂénuation loss exponent can reach values in the range of 4 to 6.

The magnetic dipole moment m (Am2) can be calculated from the effective radiated power of
interference source at distance r from victim receiver, Pis grp (kW) level.

Qe*
Q
Q‘lx

2
A
m = [2_) V50 Pis erp

" (47)

where

A is the wavelength.
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Finally, the magnetic field limits Hj;,;; (A/m) for interference source at measuring distance d,

i.e. at the position of the antenna of the measuring equipment can be calculated. The
radiation direction from interference source is divided into coaxial and coplanar directions.

annatin fialAde far th o A

Thao o a roapotione arn At AA g
T agettTeTGSTOT e ST U e CtoTTSar S~ SO oot GOy

JA +d?

Hcowcial =m- 3
2rAd

(48)
4 2 72 4
by _m_\/z, ~A2d>+d
coplanar — 472_/1 2d3
’ (49)
where
A, is the radian wavelength and is equal to A/2.
Then, Hjiyit is chosen to the maximum value of Hq,yi5 @and Hegpiananiff the view point of worst

case as follows:

Himit = max (H (50)

coaxial, Hcoplanar)
5.7 Rational for determination of CISPR limits in the frequency range above 1 GHz

NOTE References found in this subclause are listed in ther/Bibliography.

5.7.1 Introduction

In 5.6, another suitable method for estimation of emission limits for a given type of equipment
is described. The same or similar~approach can be used for the frequency range above
1 GHz. For radiation coupling, dependence of the permissible disturbance field strength from
the wanted signal u,, the signal-to-disturbance ratio Rp, and other influence factors can be

estimated based on Equations.(21) and (22) found in 5.5.

Seven probability or influence factors P, to P; have to be considered. These influence factors

take into account e.gthe antenna gain, the attenuation of the disturbance field strength as in
Equation (21), and other conditions. However, for better alignment with terminology used for
statistics the seven influence factors P, to P; are further treated in their mean values as up4

to up7. It shallbe noted that the values for up4 to up7 can be used in logarithmic terms (i.e. in
dB) only.

Taking into account Equation (22) we can write
Elimit= 1 + 130

with tB = 0,84, and the limit becomes:

Elmit = Pw — \p T #p1 + Ap2 * Ap3 * APz * Ap5 T Apg + Py
2 2 2 2 2 2 2)1/2
+ 1g0; — 14(Op1“+ Opp” + Op3“+ Opy“+ Ops” + Opg” + Op7°) (36)

where:
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Elimit is the mean value of the permissible disturbance field strength at a specified
distance d from the disturbance source;

Ly is the minimum value of the wanted field strength at the edge of the service area of the
radio service concerned;
Rp is the minimum acceptable value of the signal-to-disturbance ratio (i.e. the protection

ratio) at the receiver's antenna port or feeding point;

Upq is the expected mean value that the major lobe of the disturbance field strength is not
in the direction of the victim receiver;

Upo is the expected mean value that the directional receiving antenna does not have.its
maximum pick-up in direction of the disturbance source;

Up3 is the expected mean value that for a mobile receiver the signal to noise ratio can be

improved by keeping a certain distance to the disturbance source and that the mobile
receiver is used well inside the respective radio service area;

Ups is the expected mean margin that the disturbance signal is below thevimit;
Hps is the expected mean value that the type of disturbance signal.generated will produce
a significant effect in the receiving system;

tpg is the expected mean value that the disturbance source'is located in a distance to the
receiving system within which interference is likely to occur;

Up7 is the expected mean value that buildings proyvide a certain degree of additional
attenuation.

Due to lack of sufficient statistical data, Equation (36) is only analysed in terms of the mean
values of the influence factors while neglectingthe values for the standard deviation.

Equation (36) is valid for mean values of-influence factors (given in dB) assuming a log-
normal distribution of their figures. Notice*that the latter may not be fulfilled for each factor in
each individual case. By inserting appropriate practical figures, Equation (36) can be used to
estimate a limit E|;,;; for the permissible disturbance field strength.

For an estimation of limits related to the power of radiated disturbances, e.g. as needed for
emission measurements .incfeverberation chambers, P, can be derived from E ., (see

Equation (36)) using the following equation:
ELimit [dB(uV/m)] =104,8 dB + Plimit [dB(mW)] + GS [dB] - 20 Ig (d/dRef) [dB)] (363)

If d is the medsuring distance (e.g. 3 m), and Gg is the gain of the disturbance source, which
can be replaced by up4, then

Piimit [dAB(MW)] = E| i [dB(nV/m)] — 104,8 dB — up4 [dB] + 20 Ig(d/dref) [gBY]
and with d =3 m (i.e. 20 Ig(d/dRef) = 9,5 dB) we get

Piimit [AB(MW)] = E ; it [dB(uV/m)] — 95,3 dB — pp4 [dB] (36b)
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5.7.2 Consideration and estimated values of yp; to up;

5.7.2.1 Radiation pattern of the disturbance source (up4)

5.7.2.1.1 Consideration of up,

Sources generating radiated disturbances in the frequency range above 1 GHz usually show
directional radiation pattern which have one or more main lobes and also significant notches.

The influence factor describes the margin of an averaged pattern figure of the EUT to_the
disturbance level measured at maximum beam direction.

Factor up4 increases the permissible limit and has to be added on the right hand side of
Equation (36b).

5.7.2.1.2 Estimation for the possible range of up,

In [4] an antenna gain of about 6 dB is estimated for large EUTs, .in{ the frequency range
above 1 GHz. This could be interpreted such that on average, theldisturbance field strength
may be 6 dB below the maximum value measured on the test site

In [5] it is estimated further that, for the frequency range abeve 1 GHz, measurement results
obtained at the test site, on average will be about 6 dB-helow the maximum radiation of the
disturbance sources. This means that the results obtained from test site measurements are,
on average, significantly below the limit, owing to,{he radiation pattern. Reference [4] also
gives evidence that for large increments of rotation the readings are on average 8,6 dB below
the maximum, while with smaller increments thé{readings will be on average 3 dB below the
maximum emission.

Radiation pattern of real EUTs are presented in [8]. These measurement results show that, in
the frequency range 1 GHz to 3 GHz; the average radiation pattern is regularly about 3 dB to
6 dB below maximum radiation foufd at another nearby rotation position. It can also be seen
that, at higher frequencies, the radiation pattern may branch more and more in each direction
and that single beams with small*beam widths appear.

Considering the facts in\[4], [5], and [8] it is assumed that, on average, the disturbances are
3 to 8 dB below the maximum, meaning that:

4pq ranges from 3 dB to 8 dB.

5.7.2.2 Antenna gain of the victim to the disturbance source ( up,)
5.7.2.2:1 Consideration of yp,

Radiated disturbances and wanted RF signals will usually reach the receiver's antenna from
different directions. The gain G, of the receiving antenna is available in direction of the

wanted RF field strength. The disturbance field strength can be expected from a different
direction, with the gain G,. Therefore up, represents the mean value of the difference of both

gains. This difference gives the available gain G,, for the improvement of the actual signal to
disturbance ratio R:

Gay = pp = Gy, — Gj (37)

The estimated value up, increases the permissible limit and has to be added on the right
hand side of Equation (36).
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5.7.2.2.2 Estimation for the possible range of up,

The antenna gain G,, of the radio receiver in direction of the wanted RF field strength

depends—onm the Tadio—service and—canm assume values betweenm 0 dB—(formobite—Tradio
services, such as GSM, DCS, or UMTS) and 80 dB (for certain fixed radio services). In the
frequency management, a value of G; = 6 dB is used for the gain in other directions if the gain

in the main lobe of the receiver antenna is greater than 6 dB.

In respect of EMC the following range should be used:

ILIPZZGW—GdB and ,Llp2:6dB
6dB<G,, <12dB Gy >12dB

5.7.2.3 Mobile receiver ( up3)
5.7.2.3.1 Consideration of up,

This factor takes into account that a mobile receiver can always be moved away from the
disturbance source and that the receiver will be provided, inside the radio service area, with a
wanted RF field strength which is stronger than the minimum wanted RF field strength at the
edge of the service area.

The estimated value ups increases the permissible. limit and has to be added on the right
hand side of Equation (36).

5.7.2.3.2 Estimation for the possible range of up;

From a frequency management point of view, for mobile radio services and particularly for
base stations there is a need for-mgre RF channels if radiated disturbances increase within
the wanted radio frequency (RE) band, in a given area and environment. This is the reason
why the frequency managemeént can only propose a factor of 0dB, for wups. From

representatives of other branches of industry it is required that the worst case can not be
used for the estimation of disturbance limits. From the latter perspective, it would be possible
to tolerate values for factor up, in the range of 6 dB.

Furthermore, the.mobile receiver is used rather seldom at the edge of the service area, in
particular if a‘eellular radio service is considered. Therefore the wanted RF field strength used
for calculation’of the permissible disturbance field strength should be, on average, higher than
the minimum wanted RF field strength required at the edge of the service area.

Considering the physical laws, the wanted RF field strength decreases linearly with distance
while the service area increases with the square of this distance. For consideration of the
mobility of the receiver, the wanted RF field strength at the edge of half of the service area is
used.

The service area depends on the distance by square root of the distance. The field strength
depends on the distance linearly. This means:

05-A :(%)2 -% (38)

and
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Py -Gy

E,(d)=7-
)

(39)

Under this condition the wanted RF field strength E,, used for calculation can be increased by

3 dB, compared to the minimum wanted RF field strength required at the edge of the service
area. Instead of using an increased-by-3-dB wanted RF field strength for the calculation of the
respective disturbance limit one can also continue to use the minimum wanted RF field
strength required at the edge of the service area and add the 3 dB to the influence factor up4.

The possibilities for mobile radio receivers to be used well inside a given service areajand to
extend the distance to the disturbance source by being moved away from that sourcé should
be taken into account by setting the range for the mean value up; of the influence factor from

0 dB up to 9 dB:

4ps ranges from 0 dB to 9 dB.

5.7.2.4 Emission level of the disturbance source is below the limit ( yp,)
5.7.2.4.1 Consideration of up,

Usually, disturbances from a certain source do not just-meet the limits, but have a certain
margin to them. Factor up, counts for the estimated. average of the minimum margin of the

disturbance to the limit.

The estimated value up, increases the permissible limit and has to be added on the right
hand side of Equation (36).

5.7.2.4.2 Estimation for the possible range of yp,

An EUT conforms with the limit when the maximum disturbance emission is below (or equal
to) the limit. This also means\that the difference between the limit and the disturbance is
greater than (or equal to) zero:

Contribution [7] contains an estimation of the margin to the limit for 49 samples of class A and
class B IT equipment<{The average margin to the FCC limit for all 49 products is about 12 dB.

The 273 measurement values of the margin to the limit reported in [7] are distributed over a
range from~2,6 dB to +31,9 dB.

As a result of this investigation it can be assumed that up, is usually in the range of:
Upy4 ranges from 0 dB to 24 dB.

5.7.2.5 Interference depending on the bandwidth of the radio service ( ups)

5.7.2.5.1 Consideration of ypy

For continuous broadband disturbances, the interference potential to a receiving system
depends on the wanted RF signal bandwidth of the victim receiver. The higher the wanted RF
signal bandwidth B, of the victim receiver or its respective radio service is, the higher the
interference potential would be, compared to the RF bandwidth B,,.,s of the measurement
receiver. That also means that the interference potential is lower if the RF bandwidth of the
radio service is smaller than that of the measurement receiver. Eventually, the interference
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potential of a source of broadband disturbances also depends on the ratio of the bandwidth
B, oise Of the broadband disturbance to the bandwidth of the wanted radio signals B, 4.t

actually considered.

In practice, three cases may occur that require adequate consideration.

Casea) B <B <B

want noise meas

In this case, calculation of upg shall deliver negative dB values, since not only one receiving
channel may be interfered with, but several ones.

In view of this, the permissible broadband disturbance can be described by Equation{40a) as
ratio of the bandwidth for the considered individual radio service to the bandwidth of the
broadband disturbance:

E, =Enm Buwant (40a)
B, .
noise
where:
E., is measured disturbance field strength;
Ep is permissible disturbance field strength for thercensidered radio service;
B, oise is bandwidth of the broadband disturbance;
Byant is bandwidth of the considered radio service for the wanted signal.

For estimation of the decrease required (for the permissible disturbance field strength, the
value of upg can be calculated by Equatjon (41a):

B
tps =10-logqg {Bw—am} (41a)

noise

Caseb) B <B <\B,ant

meas noise

In this case, calculation of up5 can deliver positive dB values, since the disturbance may not
occupy the whole-feceiving channel of the victim receiver concerned.

In view of'this, the permissible broadband disturbance can be described by Equation (40b) as
ratio of-the bandwidth of the broadband disturbance to the bandwidth of the measuring
receiver:

E, = Ep.| Dnoise. (40b)
Bmeas
where:
Em IS measured disturbance iield strength,
Ep is permissible disturbance field strength for the considered radio service;
Bhoise is bandwidth of the broadband disturbance;
B is bandwidth of the measurement receiver.

meas
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For estimation of a relaxation possible for the permissible disturbance field strength, the value
of upg can be calculated by Equation (41b):

sips = 10-10g1 BmiJ (41b)

meas

Casec) B B

noise—>_Bmeas-and B, . respectively
In this case of true broadband disturbance, calculation of ups can deliver positive as well as

negative dB values, since the assessment result only depends on the ratio of the wanted RF
signal bandwidth to the measurement bandwidth.

In view of this, the permissible broadband disturbance can be described by Equation (40c) as
ratio of the bandwidth of the considered individual radio service to the .'measurement
bandwidth:

= Epy [ Duant (40c)

Bmeas

Ep

where:

E,, is measured disturbance field strength;

Ep is permissible disturbance field strength fof the considered radio service;
Bieas is bandwidth of the measuring receiver;

Byant is bandwidth of the considered radio,service for the wanted signal.

For estimation of an increase or decrease allowed for the permissible disturbance field
strength, the value up5 can be calculdted by Equation (41c):

#ps =10-logqg {gw—am} (41c)

meas

The estimated value ©f up5 for broadband services has to be added on the right hand side of
Equation (36).

5.7.2.5.2 Estimation for the possible range of yp5

The value of upg can be calculated by Equation (41) and is determined by the bandwidth of
therconsidered radio service.

5.7.2.6 Ratio of the distance between source and victim to the measurement
distance ( upg)

5.7.2.6.1 Consideration of upg

Trre—timitofthedisturbance—emissiom s —specifiedfor the—test—site—witthmamormmative—fixed
measurement distance d. In practice, the actual distance r between the disturbance source
and the victim is usually quite different when the victim is used as intended.

The normative measurement distance d is 3 m. The ratio of the two distances r and d
determines the additional attenuation.
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The estimated value upg usually increases the permissible limit and has to be added on the
right hand side of Equation (36).

5.7.2.6.2 Estimation for the possible range of upg

The value of upg is calculated by:

r
Hpe = X-20-|Og10 |:E:| (42)

where

r = actual distance between source and victim;

d = measurement distance;

X = wave propagation coefficient, which is 1 in free-space propagation and somewhat

higher (1 to 1,5) for non-free-space propagation.
The estimated distance has to take into account the average distance for the intended use of

the radio equipment. Inserting practical distances into Equation (42) will provide the possible
range of upg.

NOTE In special areas, where use of mobile radio communication eguipment is not permitted, larger distances r
can be used for calculation. The estimated limit is valid only for such'environments.

5.7.2.7 Attenuation of the building ( xp7)

5.7.2.7.1 Consideration of upy

An additional attenuation between the disturbance source and the victim reduces the level of
disturbance and depends on the position of source and victim. Two options for calculating the
permissible disturbance field strength are considered: option a), where the disturbance source

and the victim are inside the building and option b), where one is inside the building and the
other is outside.

The estimated value pp%iincreases the permissible limit and has to be added on the right
hand side of Equation(36).

5.7.2.7.2 Estimation for the possible range of upy

For option.a)-it is assumed that an attenuation value in the range of 0 dB to 6 dB is suitable.
For option.b), an attenuation value in the range of 2 dB to 20 dB is assumed.

Depending on the location of the victim and disturbance source it is proposed that the
fallowing be used:

up7 ranges from 0 dB to 20 dB.

5.7.3 Equivalent EMC environment below and above 1 GHz

In 5.6.4 it is also mentioned that calculation of limits based on statistics can not be the one
and only way of estimating CISPR limits. Positive practical experience with existing limits is
also a powerful argument. For this reason, the ratio of limits at about 1 GHz as borderline
between existing limits and new limits can be considered. However, as radio services above
1 GHz are mainly based on different technologies they can be regarded more robust
compared to the analogue techniques which were the basis for limits below 1 GHz. For the
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calculation it is assumed that radio services and applications operating at frequencies above
or below 1 GHz are to be protected in the same way.

ol
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in the frequency range below 1 GHz may be used. For this comparison consideration of the
limits of GSM (900 MHz) and DCS (1800 MHz) may be useful, owing to the fact that both
radio services have comparable functional parameters.

Table 4 contains the relevant data of protected wanted RF field strength, the CISPR limit for
measurements with a quasi-peak (QP) detector at a measurement distance of 10 m under free
field conditions, and the procedure for the estimation of an equivalent limit at 1 800 MHz for
the different measurement procedure under free-space wave propagation conditionsswith a
different detector type and a different measurement bandwidth.

Factor x (dB) takes into account a transposition of the appropriate limit from)'€ISPR 22 at
about 900 MHz from 10 m to 3 m measurement distance normally usedhfor disturbance
measurements in the frequency range above 1 GHz. This shall be added te‘\the CISPR limit.

Factor y (dB) takes into account the transfer from free-field wave propagation conditions (as
e.g. at OATS) to free-space wave propagation conditions as normally defined for disturbance
measurements in the frequency range above 1 GHz. This shall beJsubtracted from the CISPR
limit.

Eventually, the difference d between the estimated limit@nd the wanted RF field strength at
900 MHz can be used for estimation of the CISPR limit at 1 750 MHz.

Table 4 — Calculation of permissible limits-for disturbances at about 1 800 MHz
from existing CISPR limits in-the frequency range of 900 MHz

GSM at about 900 MHz DCS at about 1 800 MHz
Protected wanted RF field strength 32 dB(uV/m) 42 dB(uV/m)
Transfer limit of 37 dB(uV/m) at 10 m (37+x) dB(uV/m) -
to 3 m by addition of x dB
Transfer OATS to free space conditions (37+x-y) dB(uV/m) -
by subtraction of y dB
Transfer QP to AV detéctor @ (37+x-y) dB(uV/m) + about z dB -

Transfer 120 kHz to 1.MHz measurement | (37+x-y + z) dB(uV/m) + about 9,2 dB -
bandwidth by addition of 9,2 dB

Difference d between the CISPR limit for | d = [(37+x-y + z) dB + 9,2 dB] - 32 dB -
permissible disturbance and the wanted
RF field.strength at 900 MHz

Resulting limit for permissible - (42 + d) dB (pV/m)
disturbances at 1800 MHz

a\lIn case of CW-type disturbances the use of an average detector does not require additional corrections.
However a factor z is provided for appropriate consideration of non-continuous disturbances.

5.7.4 Overview on parameters of radio communication services operating in the
frequency range above 1 GHz and up to 16 GHz with effect to electromagnetic
compatibility

Table 5 contains a list of radio communication services operating in the frequency range
above 1 GHz and up to 16 GHz. It contains valuable data of radio parameters with relevance
to EMC. The data set out in Table 5 can be used to calculate limits for permissible
disturbances emanating from equipment, systems or even installations, in the frequency
range above 1 GHz. For such calculations and estimations, the model set out in 5.7 should be
used.
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The readers and users of the present document are invited and encouraged to accomplish the
entries in Table 5 by their own data and to submit their findings to Subcommittee H of CISPR,
which is responsible for maintenance of this CISPR Report.
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Table 5 (continued)
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1 000
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Jalajlajul a|qelss|o

32
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19| 28 000

32
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36
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6425 -7 125

7137 -7 413
7413 -7 425
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10500
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12 400
12 750 -

13 250
15 320 -

15 350

(oweu)
walsAs olpey

Remote control

Fix¢d serv. PMP |5 930 -6 419

Fixe¢d service
Fixe¢d service

Narrowb, fixed
seryices

Fixed service
Demo.radio

Radar
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Sat| Broad./1MHz

Fixe¢d service

Fixed service



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017 - 69 -
+AMD2:2020 CSV © IEC 2020

Annex A

Excerpt from CISPR Report No. 31

Values of mains decoupling factor
in the range 0,1 MHz to 200 MHz

(This Report provides a partial answer to Study Question No. 54/1 of 1964 which remains
under consideration.)

(Stresa;»1967)

Figure 1, page 50, shows median values, standard deviations and minimum,_ values of
mains decoupling factor, defined as the ratio of voltage injected into the /mains and the
resultant voltage measured at the end of a terminated aerial feeder. Thepvalues indicated
were obtained by various authors (see references below) under différent conditions of
measurement. They generally apply to an asymmetrical source connéected in a random
manner between the "phase" and "null" conductor of a single phase Mains supply system *
and to well screened receivers. In the frequency range up t6\30 MHz, the data apply
mainly to receiving installations with indoor aerials (excluding:\ferrite aerials); above this
frequency, most of the coupling measurements were made|at installations with outdoor
aerials.

In Figure 2, page 51, an attempt is made to synthesizethe available data, taking as far as
possible account of the differences between the various sources. It is believed that the
curves shown represent a conservative estimateof the decoupling factor to be expected
between sources and receivers located in the same or immediately adjoining apartments
of the same building.

Figure 3, page 51, shows typical distributions of measured values which may be used to
determine decoupling factors for a percentage of cases other than 50%.

References

vi)

vii)

S. Whitehead: A tentative statistical study of domestic radio interference. Journal IEE,
p. ., vol. 90 - 1943.

V. P. Pevnicki, F. E. llgekit: Charakteristiki systemi podavlenia radiopomech.
Elektricestvo 1956,:Nr. 6.

V. V. Roditi, M. St'Garcenstein: Priomnye antenny i industrialnye radiopomechi.
Radiotechnikat956, Nr. 9.

Reports ofthe Research Institute of Telecommunications (VUS) - Prague Nr. 339/1961
and Nr.~1968/66.

Intefim'Report VUS 1965/1966.
Bocument C.I1.S.P.R.(U.K.)376.
Documents C.I.S.P.R./WG6(U.K./McLachlan) 6,7.

Secretarial Note. The C.I.S.P.R. Secretariat does not hold copies of the above documents. If these are required,
application should be made to the National Corresponding Member of the Working Group concerned.

*
In

the United Kingdom measurements, the asymmetrical source was connected between the earth conductor and

the line and neutral conductors connected together in the manner indicated in Figure 4A, page 52.
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APPENDIX A TO REPORT 31

In the measurement of mains decoupling factor, the following principal requirements must be

observed:

1. The internal resistance, the symmetry to ground and the polarity of connection to the
mains of the signal source used for measurement should correspond to similar parameters
of actual appliances.

2. The output voltage of the source should be measured by the methods used for checking
compliance with limits.

3. Throughout the whole measurement, actual receiving aerials as found at the measured
locations should be used.

4. The input impedance of the measuring receiver should approximate, as ‘closely as
possible, to the value of the input impedance of normal receivers.

5. The sites investigated should correspond qualitatively and quantitatively~to the location at
which the results will be used.

The statistical evaluation is usually carried out as if the data belonged' to a single statistical
set of random values. Using this method, the range of distances Wp*to which measurements
are carried out becomes very important because the average vatue and spread measured at a
given site depends not only on the properties of the electricaltinstallations and on the building
attenuation, but also to a great extent on the area paround the source covered by
measurements. For example, by increasing this area, it isypossible to obtain a lower average
and higher spread of the decoupling factor. It is therefore necessary to limit the extent of data
used for statistical evaluation to decoupling factors~for which interference might still be
expected with a given terminal voltage limit, a given protection ratio, and a given minimum
usable sensitivity of receivers.

The decoupling factor a5, beyond whichlinterference is no longer likely to occur and which

ought consequently to be excluded fromthe evaluation, may be calculated from the following
equation:

L- 8max =S—P
where
amax = Maximum degoupling factor (in decibels)
L = terminalvoltage limit (in decibels over 1 uV)
s = minimum usable sensitivity of receivers considered (in decibels over 1 uV)
p = protection ratio (in decibels).
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Figure A.2 — Median and minimum values of mains decoupling factor
for the range 0,1 MHz to 200 MHz
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Figure A.3 — Typical distributions of deviations from median value
of decoupling factor as indicated in Figure A.2

IEC 1194/07
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L
N To mains
E power socket

D

75 Q
Vo

Signal generator

Figure A — Measurement with signal generator

3-core mains cable

L L JL
\ ] . // r 1 £ To mains power
d L | » socket of
; ] I r § house wiring
% N . L | 2N
[ ]
] LN J

~
N

L
Electric power drill fitted with a Vi

transistor oscillator in place of Mains decoupling factor = 20 log
one brush
24V Vo

IEC 1196/07
Figure B — Measurement using actual appliance

Figure A.4 — Measurement of the mains decoupling factor

IEC 1195/07
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Annex B
(informative)

Conversion of H-field limits below 30 MHz for measurement distances

B.1 Background

In order to determine the H-field conversion factor within the boundary of the test environment
containing the ground plane, a commercial 3D full wave simulation tool has been used and
the calculation thereof along with measurement records are provided in the follQwing
paragraphs.

Figure B.1 illustrates a designed model using a commercial tool. The dimension ©f the ground
plane is 30 m x 40 m. The radius of the loop antenna, which is 0,6 m and the|€entre of the
antenna is 1,3 m above the surface of the ground plane. For the measureqment of field, the
probes are located at 3 m and 10 m, both at coaxial and coplanar directioh\¢a: coaxial at 3 m,
b: coaxial at 10 m, c: coplanar at 3 m, d: coplanar at 10 m).

Loop antenna (60 cm) (19\-’

30m 2 2 X

40 m

Loop antenna.(60 cm) a, b

d C
OO
c y
Ground plane X

Loop antenna (60 cm)

*\; o

1,3 m

Ground plane

IEC

Figure B.1 — Commercial tool model for H-field conversion
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Figure B.2 depicts another designed model using a commercial tool, and the ground plane
has been removed in order to apply image theory with an additional virtual loop antenna
positioned at 1,3 m below the ground plane that has been removed. This model is intended to

Measure coaxiat and coptanar girection CoMmponent {ToM the Sarmme prope.

Loop antenna (60 cm)

a
- — —> —

!
T

0L X

Loop antenna (60 cm)

Loop antenna (60 cm) a, b, c

6 66 Or

2,6 m

Loop antenna (60 cm)
|. a
\ ,
d, e, f
L z

2,6 m

IEC

Figure B.2 - Commercial tool model for the application of image theory
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Figure B.3 shows the scene of OATS where measurement is carried out at 1,3 m height from

the centre of the antenna with 3 m distance
direction, respectively.

between antennas at coaxial and coplanar

IEC

a) Measurement at coaxial direction at 3 m

_-?Lg

5
R\

IEC

b) Measurement at,coplanar direction at 3 m

Figure B.3 — Photos of OATS measurement\setup

Figure B.4 is a graphical presentation which

allows us\ t0 compare the results from a

simulation both at coaxial and coplanar directions where the ground plane using a commercial
tool is included and where image theory has been applied. It suggests that the simulation

result from each model almost agrees.

Figure B.5 presents comparison results betweégn
using commercial tools and measurement data;

€ Ground plane above 1,3 m
< 10
ES o
m ©
© 0 t=
=~ Coaxial_3 m T
h=t —=Coplanar_3 m U
2 -10 ~.)img_coaxial_3 m
T —— Img_coplanar_3 m
-20
-30
[ |
32,8 Mhz|
-40 ‘//
-50 SN o= b\
~#77132,1 Mhz]
-60 i
0,1 1 10
¥ Frequency (MHz)
IEC

the H-field conversion factors determined by

Ground plane above 1,3 m
0 T T T T T
E Coaxial_10 m
—10 Coplanar_10 m I
-20 Img_coaxial_10 m ||
—— Img_coplanar_10 m|{
-30
-40
//
-50 74
-60 [10,95 Mhz| ,/ an
-80 1 — T "\
% o \11,65Mhiz‘: ]
~100 -
0,1 1 10
¥ Frequency (MHz)
IEC

Figure B.4 — Comparative simulation result
with ground plane and with image theory
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o Conversion factor 10 m to 3 m (dB) Conversion factor 3 m to 10 m (dB)
©
~ 50 o Measurement|] 0 o Measaramont
g ——CST_tool —cST_tool
S _
& Image theory —— Image theory| /]
§ [+4 dB
o +
K -10f———— =~~~ T TR
o ¥
E 30H———— JEEE D I eSS SO T ) S
8 [m] waﬁ\\ "’D
/‘ {2} Q‘“& 8 —20 m— =T +4 d@ — = = = '_] _D'_[j__
20 ———— Tilaeel T EE o o L §
=] :’ I ey ﬂ"’
= (o) ]
= LA ¥
10 HH———— SHE——f 4 ffef\ 3 - — .
c 30 H—————d—H L LNl
! 'g ------ —4 dB
0 § HH
0,1 1 10 g 0,1 1 10
Frequency (MHz) O ¥ Frequency (MHz)
IEC IEC

Figure B.5 — Comparison between the simulated
conversion factors and the measurement results

B.2 H-field conversion factors obtained from simulation-results

The conversion factors of measurement distances of 3 m and” 10 m are derived from the
measurement distance of 30 m under the test environmentwith the ground plane for H-field
measurement.

The H-field limit in dBuA/m at 3 m, Hy,,, is determind from H;q ., by the following equation:

H3m = Heh + C3_min (B.1)

where

H3om  is the H-field limit in dBuA/m<at 30 m distance;

C3 min 1s a conversion factor in dB as shown in Figure B.6 and Table B.1
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A Conversion factor 30 m to 3 m (dB)
70
60
’ \
40 \ R"“-——-
30 ;
20 \
10
N
N
O T T -
0,01 0,1 1 10 MHz
——C;_Hy (dB) — C3_H, (dB) ~=Cs_min (dB)

IEC

Figure B.6 — Conversion factor/€; .i,

Table B.1 — Conversion‘factor C; i,

Frequency C,_H, CS_Hy CS_min
MHz dB dB dB
0,01 (or 0,009) 55,3 57,2 55,3
0,15 55,5 57,3 55,5

1 GUN| 58,2 54,1

2 51,5 53,6 51,5

2,4 50,5 50,5 50,5

3 49,1 46,3 46,3

5 45,7 36,7 36,7

10 41,2 25,1 25,1

11 40,7 23,9 23,9

2 40,3 23,0 23,0

13 39,9 22,4 22,4

14 39,5 22,0 22,0

15 39,3 21,7 21,7

20 38,3 21,2 21,2

30 37,5 21,1 21,1

The Hafield limitin HR:__nA/m at 10 m- HI

um?

is determined from H
oum

bv the followina eauation:
Y I §
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Hiom = H3om * C10_min (B.2)
where
H30m IS the H-field mit In dBPA/M at 30 m distance,
Cio0 min is a conversion factor in dB as shown in Figure B.7 and Table B.2.
A
35
) —
20 —=
\ NN
15 XY '
10 AN
5 !
0 T T -
0,01 0,1 1 10 MHz
= Cyo_Hx (dB) &= Cyo_H, (dB) = Cyo_min (dB)

Figure B.7 — Gonversion factor C;y nin

IEC
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Table B.2 — Conversion factor Cyg nmin

Frequency Cio_H, Cm_Hy C10_min
MHz dB dB dB Q
0,01 (or 0,009) 28,0 28,3 28,0 C)O_)
0,10 28,0 28,3 28,0 Q
0,15 28,0 28,3 28,0 Qq/
0,2 27,9 28,3 27,9 qr]’
0,3 27,9 28,4 27,9 V)
R\
0,4 27,8 28,5 27,8
43
0,5 27,7 28,7 27,7\
0,6 27,5 28,8 a 5
0,7 27,3 28,9 N 27,3
y ’ b A ]
0,8 27,2 29,0 @\/ 27,2
0.9 27,0 29,1 ’A\x?“ 27,0
1 26,7 201 QY 26,7
1,9 24,8 24,9 (]>) 24,8
2 24,6 249 W 24,1
v
3 22,9 R 16,7
5 21,0 A 105 10,5
10 19,4 A’\\ 9,9 9,9
20 19,0 oX 10,3 10,3
(‘/.\
30 18,9 R 10,3 10,3
\U
@)
The H-field limit in dBuA/m at 3 n‘@@m, can be also determined from H,q,, by the following
equation: Q
D
< Ham = Hiom * C10-3_min (B.3)
&
where D
. R .
Hiom is the Hteld limit in dBA/m at 10 m distance;

O
C10_3_min isc\)iiéonversion factor in dB as shown in Figure B.8 and Table B.3.

o

.



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017 - 81—
+AMD2:2020 CSV © IEC 2020

I 1 Conversion factor 10 m to 3 m (dB)

35

30

; —
) N~
15 \

10
~
5 N
\ |
(
0 T T -
0,01 0,1 1 10 MHz
— Cioto3_Hx (dB) = Cypo3_Hy (dB) == Cyp3_min (dB)
IEC

Figure B.8 — Conversion factor Cyy.3 min
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Table B.3 — Conversion factor C1g.3 nmin

B.3

B.3.1

Frequency Cioto 3-Hx Cioto3-Hy C10-3_min
MHz dB dB dB Q
0,01 (or 0,009) 27,5 29,0 27,5 QO_)
0,15 27,5 29,0 27,5 Q
1 27.4 29,1 27.4 rl/gq/
2 26,9 29,5 26,9 _ql.-
3 26,2 29,6 26,2 k\‘\\)
5 24,7 26,2 247
5,8 24,2 24,1 244\"
10 21,8 15,1 13,1
11 21,4 13,9 N30
12 21,1 13,0 W 130
13 20,7 12,3 Lk 12,3
14 20,5 119 QO 11,9
15 20,0 116 ) 11,6
20 19,3 109 W 10,9
30 18,6 '\Qgr,‘é‘ 10,8

Recommended conversion factor

distances

General

O

L

S
N
O

%ﬂ‘H field limits for measurement

The recommended conversion fac @erom the simulated results for use of product committee
are given in the following subcla\ S.
N

B.3.2

O
Recommended C@xersion factor for the limit of H-field from 30 m to 3 m,
CF30m to 3m \,\Q

©
O

o

.
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A Conversion factor 30 m to 3 m (dB)
60
50 N\
40 \
30 1
M
20
10 N
)
LA
0 T ' T -
0,01 0,1 1 10 MHz
— Recommended (dB) —— Simulation results (dB) IEC

Figure B.9 — Recommended conversion factor CF3y., o 3m

Table B.4 - Recommended cagnversion factor CF35., o 3m

Frequency CF30m to 3m
MHz dB
0,01 (or 0,009) 54
2 54
210 12 linearly decreased 54 to 20

[y = -(43,69) x log(x)+ 67,15]

30

20
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B.3.3 Recommended conversion factor for the limit of H-field from 30 m to 10 m,
CF30m to 10m
Conversionm factor 36 to o <(dB)
30
25 \\\\\
20 \
15 \
10 IS
» ; l

S O
0 . W2 . >
0,01 0,1 1 10 MHz

— Recommended (dB) —— Simulation results (dB) EC

Figure B.10 - Recommended.€onversion factor CF3,, 10 10m

Table B.5 - Recommenided conversion factor CF34., o 10m

Frequency CF:mm to 10m
MHz dB
0,01 (or 0,009) 27
1,5 27
a0
30 10
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B.3.4

— 85 —

Recommended conversion factor for the limit of H-field from 10 m to 3 m,
CF10m to 3m

Conversiom factor +oTmto-3Tm—<(dB)

30

2 -

m \
| \
| ul

5 :
( '
0 T T =__
0,01 0,1 1 10 MHz
= Recommended (dB) —— Simulation results (dB) IEC

Figure B.11 — Recommended<gonversion factor CFy, t0 3m

Table B.6 — Recommended conversion factor CFy g, t0 3m

Frequency CFiom to 3m
MHz 4B
0,01 (or 0,009) 27
4 27
4to 15 linearly decreased 27 to 10
[y = -(29,62] x log(x)+ 43,83]
30 10
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Annex C
(informative)

Model for estimation of radiation from photovoltaic (PV)
power generating systems

C.1 Overview

.

This annex presents a model for the estimation of radiation from photovoltaic (PV) p q’
generating systems in the radio frequency range. The model is based on the al
assumptions, measurement and simulation results as well as on a database with the s)t<§frstical
values of relevant parameters together with appropriate model factors. The simul n results
were validated by measurement. (19

The model was developed for verification of the limits for the LV DC p '\’port of power
converters (GCPCs) intended for assembly into PV power generating&gms specified in

ISPR 11.
CIS X?\

The subject of interest was the frequency range below 30 MH %n/\d PV generators with a
nominal power throughput in the range up to 20 kVA. Of the t@Qnown modes of conducted
disturbances, radiation caused by conducted common mode (EM) disturbances was found to
be dominant. Therefore the model exclusively considers_radiation caused by common mode
RF currents (i.e. antenna mode currents). N

The structure of this annex is divided into two mairﬁ)arts.

Clause C.2 describes the general model ach mainly consisting of physical rationale,
formulae and procedural methods needed for the characterization of the interrelation of the
relevant influence factors. O‘\

The approach is based on thegfa%ication of practical data for the various model input
parameters gained from mea ment, simulation and statistics. Clause C.3 provides the
calculation of a resulting Iimi@ch serves the primary task of verification of the limits for the
LV DC power port of poweréo verters specified in CISPR 11.

)
C.2 Descriptio@§f the basic model
Q\

C.21  Overviéw
N

To provi \\S)model suitable for an estimation of radiation from photovoltaic (PV) power
generating-systems, various influence factors have to be considered.

-

Q@*
Q
Q‘lx
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Figure C.1 gives a schematic overview of the determined influence parameters considered

n

the model and their interrelation.
Coupling factor CF>V

PV (power generating) system Victim receiver

GCPC PV generator

- Max. permissible disturbance * PV group, of PV generator * Wanted signal field strength £,
power Py (typical structure) * Required S/N ratioq R,

- Impedance of GCPC Z, . « Characteristic of radiating * Permissible .int.erference field

* P, maximum permissible structure (dimensions, etc.) strength .at victim*E,
disturbance power determined | - Max. permissible disturbance * Probability fagtors up,
at DC-AN acc. to CISPR 11 power injected into the - Field strength limit £,

. UTC maximum permissible PV array PL
disturbance voltage under test « Impedance of PV generator ZPV

acc. to CISPR 11

Power mismatch condition

NOTE: For the considerations of the model victim receiver R anddmeasuring receiver M (Figure 2) are identical.
IEC

Figure C.1 — Schematic overview'of the considered model influence factors

Initially, the permissible value for thedisturbance field strength limit E;.,;; was determined, at

a given point A in space where the“antenna of the victim receiver is located, with help of the
given formula for the mathematical interrelation of relevant parameters in a remote coupling
situation (see C.2.2).

In a second step a maodet for the PV power generating system was introduced to determine
the RFI potential. Sgbsequently, typical classes of PV power generating systems were
selected. Sets of appropriate input parameters for modelling the radiation characteristics were
determined (see(C.2.3). Those input parameters comprise all the mechanical and electrical
data of the saglar generator used during its simulation, including electrical permittivity and
conductivity,of the surrounding ground.

Based\on these conventions and assumptions, the coupling between the electromagnetic field
at @he victim receiver location and the PV generator was characterized by a parameter
(introduced as coupling factor Cpy). By means of the field strength limit E ;,; and this

coupling factor Cpy the maximum permissible disturbance power P, injected into the PV

generator was estimated. Thereby the basic model for the PV power generating system was
completed (see C.2.4).

In addition, the effects of power mismatch losses in test site conditions and at the place of

operation of PV power generating systems were used to refine the model (see C.2.5).
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C.2.2 Conditions at the location of the antenna of the victim receiver

Considering the technical parameters for reliable transmission and reception of the radio
service or application to be protected, the permissible interference field strength E; (without

N

consideration of probability factors) at the point A in space where the antenna of the victim
receiver is located can be determined by subtracting the necessary protection ratio Rp from

the minimum wanted field strength E,, needed for this radio reception (see Equation (C.1), all
quantities expressed in logarithmic units).

B =Ey-Fe Y

The permissible interference field strength is based on the measurement bandwidth ?9 kHz
for the frequency range in question used together with the limit. If the radio servi valuated
uses the same bandwidths, as in the case of broadcast radio, no change is essary. If
however the bandwidth of the victim radio service is lower than the measur n:@,a bandwidth,
a correction shall be applied according to 5.6.6.2 (see Equation (C.2)).

B
N

Eir corr = Eir +10x IOg[—bViCtim ] Q/\ (C.2)
bmeasurement (19

.

When the calculation of limits for the DC power port of a power converter (GCPC) intended for
assembly into a PV power generating system is considqu' , then only the radiation coupling
path to the victim radio receiver needs to be considéred. The conductive coupling via the
LV AC mains lines is considered to be highly unli ue to heavy filtering of the AC mains
power port of the GCPC.

Q~

Equation (37) of this document is the b@gic calculation rule to gain the permissible
disturbance field strength limit £, for (s,e with type tests on standardized test sites. The

comprehensive formula also includes)* the various probability factors up; and their
corresponding standard deviatioanp,-, reflecting the likelihood of occurrence of a real
disturbance in the field, as WQ as the term tﬁa,- describing the predefined statistical

significance of CISPR Iim'ts%r type-approved appliances. Combining Equation (37),
Equation (C.1) and Equatio& .2) leads to Equation (C.3):

&

N\ [ 2 2
O

NOTE 1 Suita \r'obability factors for PV power generating systems are defined depending on the context of
application (se\€9.3.3).

NOTE 2 -This document is based on the assumption that the signal characteristics of disturbances caused by
PV sy, s in its worst case are continuous, leading to equivalent outputs of all CISPR detectors.

the field strength limit E ;.;; is found, a coupling factor Cp,, comprising the coupling

haracteristics between the electromagnetic field at the victim receiver location and the PV
power generating system can be applied to estimate the maximum permissible disturbance

;O power P| that can be injected into a given PV generator (see C.2.4).

c.23 Characteristics of PV generators

Cc.2.3.1 General

In this Subclause C.2.3 a model for the PV power generating system is introduced to
determine the permissible RFI potential. Subsequently, typical classes of PV power
generating systems are selected. Sets of appropriate input parameters for modelling of their
radiation characteristics are determined.
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C.2.3.2 Characteristic parameters of a PV generator seen as radiator of
RF disturbances

In_a simplified approach, a typical PV _power generator can be regarded as an ideal vertical

rod antenna with capacitive top loading. The DC power string wires are treated as antenna,
while the PV panels or modules make up its capacitive loading. This approach is applicable
for common mode radiation only, but several investigations indicated this radiation to be
predominant in the considered case.

Q
N

For the specified power range (i.e. up to 20 kVA) typical PV generator configurations can b}q’

found in large numbers. On a single-family detached house some PV panels are mounte,

the inclined roof. For multiple-family houses very often a flat top roof can be found c ing
rows of PV panels on its top. A sun tracker, which is made up by a singular steegﬁ port
carrying some PV panels that always present their broad side to the sun, and ﬁ\ y large
generators on barns in the countryside, are also fairly common. (19

As consideration of every individual PV generator configuration is '\féasible, group
representatives of PV generator types are introduced (see C.2.3.3).

X
Subclause C.3.4 reveals the technical parameters that were umed and used in the
simulation for calculation of the RF characteristics of the respecti roup of PV generators.

b".

C.2.3.3 Grouping of PV generators b‘/

For every individual photovoltaic power generating s@lem or installation, the individual
coupling property Cp\/l may assume a differe Q*value but it can be expected that

PV generators with about the same geometric s@gture and size, will show a typical property
CpV,. allocated somewhere in a given (predict@e standard deviation) range.

As PV generators occur in various different conflguratlons in the field, it was decided to define
group representatives of PV genera pes and to create a model for each group leading to
different coupling factors Cpy g (see C.3.4), describing the interrelation between the

victim receiver and the respect& ssumed group or category of PV generators.

The defined PV generato@ups are:

. X
Group A — Smgle-f@nly detached houses;
Group B — Multis rey buildings with flat roof tops;
Group C — S@tracking supports (“trees”);
Group I{\G) arge barns in the countryside.

Assumingcfﬁe properties of all photovoltaic power generators in the world are known and that
ever dividual one of those can be put into one of the predefined groups which is

r ented by its model or type (and thus has qs\,, as a describing constant) it can be
Qdefined that

é _ Nb of PV generators in group i
<</C) ’i = Nb of PV generators in the world
AN

(C.4)

where p; represents the probability of an individual PV generator being a member of group i,

while the respective coupling factor Cp\/, describes the typical RF characteristics of this group

(see Figure C.2).
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»

Probability off existence p

cPV Group A cPV Group B cPV Group C cPV Group D
Coupling factor of group representative C, ,
IEC

Figure C.2 — Schematic representation of probability of existence of\PV generator
groups in the field

Statistical data on the population density of the PV generaters) in the field is given in
C.3.4.3.2.

From this data, a group-independent mean value for the(egupling factor EPV and its variance

O, » Which is valid and typical for any PV generator configuration, can be deduced (see

Figure C.3).

> A
[0] O ~
o
< Cov
i)
K2
x
o
u—
s} \
- £
5 ey \
© a2
o
o
o
cPV Group A CPV Group B CPV Group C CPV Group D

Coupling factor of group representative C, ,
IEC

Figure C.3 — Schematic representation of mean value CPV and variance o,

The global (or mean) value Epv can be calculated by Equation (C.5):

Cov=Y C.,xp (C.5)

all groups

This simplified value EPV for the global coupling factor is needed to select the type-
independent limit Utc | imit for the LV DC power port of power converters (GCPCs) specified in
CISPR 11 (see Clause C.3 of this document).
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C.2.34 Electrical input parameters of the PV generator

One intermediate step of the approach is the determination of the maximum permissible
disturbance power P, that may be injected into the PV generator. In power matching

conditions, this P is identical with the permissible disturbance power Pg provided by the
GCPC.

GCPC and the DC power interface of the respective PV generator has to be taken intof],
account which requires knowledge of the complex impedances of GCPCs and PV genera@ﬂ/

(see C.2.5). @

C.24 Coupling between the electromagnetic field at the victim receiver Ioca\i%n and
PV power generating system N

S
c.2.41 General r\

When assessing the disturbance potential of any given apparatus with a!&ttached structure,
the relationship between the disturbance field strength E,;,,;; at a gin?'point A in space and

the RF power P| fed into the radiating structure by the given appa s has to be determined.
The relevant technical parameter or characteristic of a given @generator is its frequency
dependent coupling factor Cpy,. b‘
b‘/

For this task, the disturbance source, i.e. the grid conn @éd power converter (GCPC) can be
modelled as a common mode power generator that jnjects a certain power P into a radiating
structure through its DC power port. The AC po@ port connects directly or via the PE
conductor in the AC mains cable local ground a?h,e counterpoise of the radiating structure. A

block scheme covering this situation is show%@ igure C.4.
O - Point A
Radiating structure
(PV generator) ¢

Distance r

A
Y

IEC

C) Figure C.4 — General model for coupling of CM disturbances of a GCPC
@' to an attached photovoltaic power generating system (PV generator)

In a first approach the observation point A in space is assumed to be located at a fixed
distance r from the PV generator. The electrical (disturbance) field strength E of the
electromagnetic field emanating from the radiating structure is proportional to the square root

{
. . . _ Q
For thorough estimation of the RFI potential, the typical power mismatch loss between the Q‘L

ot the real power F fed Into the PV generator, due to the linearity of Maxwell's equations.

For a single point in space, a fixed function Cpy, = Cpy/(f) (coupling factor) describes the

proportionality of the field strength E with the square root of the power P injected into the
radiating structure by the apparatus (GCPC), as given in Equation (C.6).
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N

O

of 10 m or 30 m) is needed. For real objects many points in space with the property of having Q
a given distance to the EUT exist, for example in different azimuth directions and at different %
heights. This applies to simulation and measurement equally. Therefore the field strength C)

used in Equation (C.6) shall undergo some kind of maximization procedure before being used (19
for the calculation of the coupling factor. Henceforward this parameter Cp,, covers the Worstq/Q

case radiation properties/characteristics of the model for the fixed installation and is explicitty -
valid for one given fixed distance r and one specific group (A, B, C or D) of PV generator @ﬁy
means of Equation (C.7) the maximum permissible disturbance power that may be @ed

into the PV generator P_can be calculated to:

the magnetic portion of the radiated disturbance and which of t coupling mechanisms is
predominant for the respective distance. They differ, becauseb" most frequencies the victim
receiver is in the near field zone of the radiating structure. b‘/
s/
Using the coupling factor for the electric field strength™and the magnetic field strength to
calculate the resulting field strengths appearing at point in question, it can be seen, that
the two coupling factors can be compared to each other in the same unit (Equation (C.8)). The
r

Basically, it does not matter whether a victim receiver's antenn;ﬁﬁs up either the electric or

disturbance field strengths, which are compar each other and to the field strength of the
radio service, are in the far field of the trans

O

EZCI%e&:"/E _)E_ Chv elec (C.8)
H@/mag P H  Cpymag
N\
N
By multiplying the coupling factor for the magnetic field q:’Vmag with the free space

K

impedance ZO, the results can be compared in the same units. Note that the coupling factor

for the magnetic fie.@?will also be given in the unit \/a/m (see Equation (C.9)).
xO

N
S
N Jai 1
,C) CPV elec{ m }_CPVmag{m.\/a]Z (C.9)

.

>

7\@9 Generally electric and magnetic fields are not interrelated by the free space impedance Z, in the near field.

%y convention, the coupling factor for the required protection distance is defined as the mean
value of all field strengths determined for a number of points in the xy-plane at the required
distance. When only four spatial directions are assessed, the final values of the coupling
factor can be calculated by

Cpy elec =MeaN( Cpy elec 000 Cpv elec 902 Cpv elec 1802 CpV elec 270°)

(C.10)
CPV mag ~ mean( CPV mag O°'CPV mag 90°'CPV mag 180°'CPV mag 270°)

In a last step the predominant coupling (electric or magnetic) is found by maximization.
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Cpy =max( Cpy elecs Cpv mag X <0) (C.11)

One approach to determine the coupling factor is to carry out simulations with a Maxwell
equation solver (i.e. NEC2, FEKO, Concept). Q
Taking a defined representative geometrical configuration for each PV generator group 88(19(1/
basis, a relationship between the injected disturbance power and the resulting radiat
disturbance field strength in a point A in space at a defined distance from the PV gene

can be found. ?‘

The main input for the simulation is the geometry of the photovoltaic gene@tor. This
mechanical structure needs to be programmed into the simulating engine. ﬁl@example is
shown in Figure C.5. ,\

L S

&
QQ~ IEC
N

Figure C.5 — Geometric represg\rﬁa‘tlon of a PV generator with 18 modules

In the defined structure, common gde power is injected at the feed point (indicated by a
purple circle in the middle of thQ d line) and the field strength is calculated in a cuboid
around the structure. The dlsta@e from the structure at which the coupling factor Cp,, shall be

calculated determines the sé‘e f the cuboid in x and y directions. The protection distance in
CISPR standards is ofte , 10 m or 30 m. For a large structure like a photovoltaic array,
calculations for the protestion distance of 3 m are not used for the example presented in this
document. The sizg@‘xthe cuboid in vertical z direction shall be twice the height of the
structure itself. Q\
xO

The output he simulation is the field strength on the surface of the pre-programmed
cuboid. %;ng a point on the xy-plane at a distance corresponding to the required
protectiondistance defines a vertical line (see Figure C.6).

|-~
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Dimensions in metres
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Figure C.6 — Field strength determination by maX|m|zat|&nb(‘he|ght scan) along a red line

i

The maximum of all field strengths in the cross-sectlon” between this line and the cuboid
represents the final field strength for the distance Ily this procedure would be repeated
for each angular direction, however it suffices %21 nsider only the four different orthogonal
directions in space. The coupling factor Cpy, S hen derived according to Equations (C.10)

and (C.11). C)\

C.243 Determination of couplmgéctor by measurement Cpy neas

The coupling factor introduced t?@]uatlon (C.6) can also be determined by measurement.
However, as the coupling fact defined in transmission mode, it is difficult to measure the
field strength distribution ar a typical setup for a PV generator, since the setup is too
large for accurate measurement in most available shielded rooms. On the other hand it is not
possible to actually trans@t a potential test signal on any frequency at the installation site of
a PV generator, beca of national restrictions. However, under specific operating conditions
(e.g. limitation of t@smission to suitable single test frequencies) a measurement on real
installations is feasible.

X

For these €\§|§urements the DC wires of the PV generator shall be disconnected from the
GCPC, sfiofted and connected to a typical antenna tuner. The tuner should be grounded the
same way an installed GCPC would be grounded. The tuner shall be able to tune the feed
pointsintpedance of this “antenna” to the 50 Q output of the transmitter at all test frequencies,
s at only very little RF reflection occurs. The actual forward and reflected power shall be

@' sured and monitored during the procedure with a power meter.

The field strength shall then be measured at a pre-defined fixed distance from the outer
boundary of the PV installation (e.g. at 10 m or 30 m). The measurement should be made in
the four dominant perpendicular directions at heights starting from 1 m above ground level up
to twice the installation height. If this cannot be achieved, the measurement can be simplified

to fewer directions and lower and fewer heights.

A comprehensive result table of this suite of measurements shall provide the following
information:

1) frequencies used for testing;
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2) location (distance r from the boundary of the PV generator, orientation in 90° angles and
height above ground);

3) forward and reflected power to determine the radiated power P, (power mismatch

O
D
\<</Q

considered);
4) total electric and magnetic field-strength (derived from the x, y, and z components);
5) ambient noise level of electric and magnetic field strength;
6) determined maximum value of the field strength reading obtained in each height;

7) determined mean of the measured field strength values E ., and H .5, between f
example the four perpendicular directions used for the measurements; @

% eas*

The respective coupling factors can be calculated from the test results by means@équations
(C.10) and (C.11).

v

8) evaluation result: maximum of measured coupling factors Cpy ¢jec meas @Nd Cpy m

C.2.4.4 Validation of simulation results with measurements @Q

Comparison of measurement and simulation results will always shaw discrepancies. On the
one hand reasonable simulation does not seek to reprodu@ ality completely (input
parameters will be simplified or in some cases will not be sufficigntly known), but focusses on
the assumed main influence factors. On the other hand, measuyrements are also influenced by
unwanted factors (uncertainty characteristics of the test e ibment, environmental influences
in situ, limited height scan capabilities, access problem different azimuth directions, etc.),
especially in the case of the complex test setup referé‘d\o in this annex.

To check and increase the accuracy of th |mulat|on measurements on several PV
generator structures shall be performed to verlQ e simulation results (see C.3.4).

C.2.5 Considerations of power mlsglgd:h losses
C.2.51 General <(

Subclause C.2.5 contains mat Qatlcal considerations regarding the usual power mismatch
conditions between the PV erator and the GCPC at the installation site of the PV

generator.

¥
In addition, the power.q%atchmg conditions between the GCPC and the DC-AN in the test case
according to CISP can be considered. This allows conclusions to be drawn from ordinary

GCPC type tesﬁ about the maximum disturbance power Pg of the GCPC deliverable in a
given mstalle generator.

Due to tgé representation of test site conditions (Equation (C.15)) in the measurement
uncer mty and the lack of the representation of the relationship between the maximum
ible power in the test case and in the installation case (Equation (C.16)) in any other
tigations (e.g. radiation from AC mains grid networks), this option can be added if this
c¢énario type is required. But then the related factors, for example measurement uncertainty

Qﬁr AC mains, grid investigations and limits may have to be adjusted in a similar way.

C.2.5.2 Power mismatch conditions at the installation site of the PV power
generating system

Q
N

In practice there is a certain loss of power compared to power matching conditions between
source and load, when the source of RF disturbances, in this case the PV power converter
(GCPC), is connected to an RF load, in this case the installed PV generator.

This quantity is denoted as the mismatch loss m and can be considered as a real
attenuation. For a GCPC with the complex source impedance Zg emitting a disturbance power
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Pg into the PV generator with the complex load impedance Z;, the complex reflection
coefficient I and the final loss can be calculated by Equation (C.12).

AN

N

ro4L=4s
Z +Zg
m, =1-|rf (C.12)

2 .
M, =10-Iog(1—|F| j Oq/
The actual power P injected into the PV generator, which is mainly radiate&)ﬁ% that
installation, is therefore reduced to (see Equation (C.13)): Q’\
N

Po=m P @O (C.13)

If P_is known, then the maximum permissible disturbance power P&{?X;t can be injected by
the GCPC can be calculated with Equation (C.13). (19

Subclause C.3.6 gives some statistical data of impedancesbo‘fhsv generators (Z;) and GCPCs
(Zg) to enable the determination of m . o
N

C.2.5.3 Power mismatch conditions at the teéthe

In general, Pg will not be known, but can Q%erived from a measurement of P;; on a

standardized test site according to CIS 1. The measurement impedance is fixed to
Ztc = 150 Q, due to the technical para&I rs of the DC-AN, while the power converter still

has the complex source impedance Zg{_Measuring Pt in the test case (i.e. the disturbance
power determined at the DC-AN) t known Pg can be calculated by

N\
@\\\’ Prc = mrc - Ps (C.14)
&
with my¢ being describﬁd by
¥
xO _
‘ C\)j‘\ r, - 150Q-Zg

Q’ ’ M = 1_‘FTC
O
.5.4

Conclusion to test conditions

‘2

¢

OQ" The relationship between the maximum permissible power in the test case Pt and in the

installation case P is given by the ratio of the two mismatch losses (Equation (C.16)):

v

~N
P

Q
N

PT_Czﬂ (C.16)
A m

The maximum permissible disturbance power Pg of the power converter (GCPC) is always
higher than or equal to the measurement result in the test case, as both mismatch factors
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work one against the other. If the PV generator actually has an input impedance of 150 Q,
then mc and m_ are equal and cancel out.

T Prc IS Known, the respective Nmit for the permitted disturbance voltage at the DC power
port of the GCPC can be calculated using the following relation (Equation (C.17)):

Utimit| V] = J150Qx P (W]
ULimit[VJJ (Cé -

Urc Limit| 9B (V)] =20x Iogm{ W O
¥

C.3 Calculation based on practical values for the verification of the(lj'?hits

specified in CISPR 11 '\f],

C.3.1 General @Q

Clause C.3 presents a calculation based on practical values g@)ﬁﬂed by measurement,
simulation and statistical data for the introduced parameters of t odel, to fulfil the primary
task of the verification of the limits for the LV DC power port of er converters intended for
assembly into PV power generating systems specified in CISER 1.

/
The following list gives an overview of the parameters @ded for the verification for a given
radio service or application. The following subclaus@wnl describe in detail the assumptions
made to gain concrete values for the calculation. &

e wanted signal field strength E,; %Q
e required S/N respectively protection ra®\RP;
e probability for time coincidence PQ' O

e probability for location coinci@ Pg;
e probability for frequency Q\ idence inclusive harmonics Py;

e global coupling factog\s'ég’ ;

o test site correctio@%TC;
\}\
e mismatch los installed PV generator m,.
\ba L

Some quanti Q\)%r example to = 0,84 and B = 0,84 used in this Clause C.3 to calculate validation values in
accordancegv}x Clause C.2, are defined in the main clauses of this document. Furthermore ci, which describes the
predefined tistical significance of CISPR limits for type-approved appliances, was set to zero, as the application
of the 80-rule was discontinued.

CC;Q Determination of the maximum permissible interference field strength E;, at the
’ location of the antenna of the victim receiver

The maximum permissible interference field strength E;, for the disturbance is determined by

subtracting the protection ratio from the wanted signal field strength of the radio application.
Usually these parameters are given in ITU-R publications, but for simplicity CISPR has

{
>

L,U“Ubtbul alld pub“bilbd tilc Ibbuitb ;ll ‘lilu "Radiu SUIVibCD Databaau" UTl “IU iEC chbbitc
under the EMC technology sector.

Here the radio application to be protected is chosen to calculate the permissible disturbance
field strength E;. by using Equation (C.1).
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EXAMPLE A wanted signal field strength E = 44 dB(uV/m) and a necessary signal-to-noise or protection ratio
Rp = 27 dB is taken, for good radio reception from a radio broadcast AM transmitter operating in the 31 m RF band.

This has to be evaluated for every entry in the radio services database resulting in a function

O

for E;. dependent on the frequency. A
©
O
Q
N

C.3.3.1 General (1/

C.3.3 Probability factors

The disturbance will not actually occur in all cases, due to the fact that victim and s
need to coincide in time, location and frequency. These three probability factors are as ed
to play the major role in a disturbance scenario with a PV power generating installatiog.

When logarithmic probability factors are calculated, the linear probability shall onverted to
a logarithm in base 10 and multiplied with a factor of 10, which originates fr he signal-to-
disturbance ratio defined as ratio of received signal power to the recelved rbance power.

Solely for distance ratios a factor of 20 shall be used.

Ny

C.3.3.2 Probability factor for time coincidence yp; and 6p, Q/\

The disturbance can only occur at times, when the PV % r generating system is in
operation. The average day time is 12 h, but the product f energy is a bit less, due to
mounting of the solar modules on an inclined plane. As verage of time 10 h are chosen,
as the majority of installations are of this kind (Equatio 18)).

yp7=—1ox|‘9oQ@J 3,8 dB (C.18)

However, there are some other mstallz(‘g‘bn types also present, such as sun trackers or flat
mounted modules. Therefore the “i Qperanon” interval can vary in a wide range between 4 h
and 20 h per day following an&umed uniform distribution that can be calculated by

Equation (C.19):
N
Z
$’\\.Q 10><Iog10{20j 10x|og(24)
A.\Q) Op7 =— ) =2dB (C.19)

xO
C.3.3.3 \@bablllty factor for location coincidence ypg and 6pg

Conclusions on a representative probability factor for location coincidence were drawn based
ond from Germany using information from the statistical data used for the determination of
t upling factor.

%he value of 1,038 million photovoltaic installations registered combined with the amount of
40,96 million households (data status 2015) leads to a photovoltaic installation density of
about 2,5 %. Taking into account future growth, a value of 1,6 million PV systems is taken as
basis for the calculation leading to a density of 4 %. It is assumed that every house has four
neighbours (front, rear, left and right) within the protection distance. However the total number

of Installations can vary (e.g. depending on oOiher faciors such as national funding), so
photovoltaic installation densities in the field between 2 % and 8 % are assumed. Moreover, it
is assumed that there is radio broadcast reception in every household.

These assumptions lead to Equation (C.20):
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TOxI0G;4 (4% 0,02]— T0x10g; (4= 0,08
Opgpy = - 9ol )2 9ol ) 348 (C.21)

However, there is only one amateur station in every thousand households in a world average.
Therefore an additional location coincidence shall be applied in the case of the amateur radio
service.

Upg amar = —10xlog;§ 0,001)=30 dB (C.22)

10xlog§ 0,0005)—10xlogy (0,005
- _— Hd ) o ):SdB (C.23)
P8 AmaR 2

C.3.34 Probability factor for frequency coincidence up, and/Gp,

The frequency probability can be estimated by considering {ypical disturbance spectra of
GCPCs.

Assuming that about 3 MHz out of the 30 MHz are™Qccupied by emission, this leads to
Equation (C.24):

As the characteristic spectra of GCPCs vary across a broad range, a rather high uncertainty
needs to be assigned, which leadsyto’an assumption according to Equation (C.25):

C.3.3.5 Maximumypermissible field strength E| ;... considering probability factors

For every caleulated E,  according to C.3.2 the probability factors are applied using
Equation (C.3)cand result in a frequency dependent E| ;-

EXAMPLE 1 In the case of the shortwave radio broadcast service in the 31-m-band introduced in C.3.2, with the
wanted field strength of 44 dB(nV/m) and its protection ratio of 27 dB, taking into account the probability factors
and( their distributions (C.3.3.2 to C.3.3.4) a maximum permissible field strength of 33,6 dB(pV/m) can be
célcttated.

[ 2 2 2
Elimt = Ew = Ro + tpy + oy + flpg + 1, -\ Op, + 057 + Opg

~(44-27+10+3,8+8-0,84-67 +2 + 37 dB (uV /m) = 33,6 dB (uV /m)

EXAMPLE Z In the case of the amateur radio service In the Z0-m-band, WIth a sensitivity of -11 dB(Jv/m) and 1ts
protection ratio of 10 dB, taking into account the probability factors and their distributions (C.3.3.2 to C.3.3.4) a
maximum permissible field strength of 29,4 dB(uV/m) can be calculated.
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b, .
E it = Ew —Rs —10:log,, (b et ']"‘/494 + oy + g +1, '\/0'34 +O—F2’7 + O'ss

measurement

40 1 (2700\ 40 \LL

4.4
LI}

EN

Fal oWl o MR, Y o M a W o W \,.ln/
U=—1U quﬂ)kgOOOJT OO0+ o0 U, 0 JUU\HV/III}—L\J,"I'UL)\PIV/III}

_K

C.3.4 Global coupling factor Epv

C.3.41 Determination of coupling factors CPVisim by simulation q’

C.3.41.1 General ?\

X
Subclause C.3.4.1 gives the simulation results for the predefined groups of %ical PV
generators in the power range up to 20 kVA at a distance of 10 m from the qodter boundary
exclusively. ?1/

The following simulations (except for Group C) have been perfor\é)with the NEC2
calculating engine with a Sommerfeld ground model (conductivity o mS/m and permittivity
g, = 13). Due to this, direct connection to ground is not fea&&@}&nd a certain capacitive
coupling has been introduced using radial wires. b‘

C.3.41.2 Simulation results for the coupling factqb&,\,smupmm — Group A
(Single-family detached houses) Q‘
For this simulation the average array height of photovoltaic generator was assumed to be

6 m and with a tilt angle of 37°. In the model connection of the DC wires goes directly to
the frame of the modules. Alternatively the Qhole PV panel structure can be simulated as a
complete wire mesh forming a tilted re tﬁgular plane with dimensions of 6 m x 4,5 m. The
position of the PV power converter PC) was assumed to be near the ground. See
Figure C.7 and Figure C 8.
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Figure C.7 — Geometrical representation of Group Aé\( generators
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C.3.4.13 Simulation results for the coupling factor C,

O
OQ~® 3 V GroupBsim

(Multi-storey house)

For this simulation the total resulting power of the photovoltaic system was assumed to be

around 19 KVA, while The panels are practically installed on a flat top house of height 12 m.
The house was simulated with four lightning protection wires down and connected to the
ground at each corner. The position of the photovoltaic inverter is on the flat roof and driven
against a conduction frame grounded by the lightning protection wires. See Figure C.9 and
Figure C.10.
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C.3.414
(Sun tracker)

Simulation results for the coupling factor CP

— Group C

\ Group C sim

For this simulation the real installation of 7 x 4 modules and about 6 kVA was considered,
while the maximum height above ground is 6,4 m and the width 7 m. The elevation angle of
the PV panel plane is 30° and the centre of the plane is at a height of 5,75 m. The feed point
is allocated at the bottom of the vertical DC power cable wiring. In this simulation, different
Sommerfeld ground model parameters from those stated in C.3.4.1.1 were used. The values
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were derived in real measurements leading to average values of conductivity 0 = 20 mS/m

and permittivity ¢, = 27. See Figure C.11 and Figure C.12.
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Figure C.11 — Geometrical representaj{Qrof Group C PV generators
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Figure C.12 — Combined coupling factor CF,VG o for Group C PV generators (r =10 m)



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 104 - CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

C.3.4.1.5 Simulation results for the coupling factor va GroupDsim Group D

(Large barns)

For this simulation the total resulting power was around 12 kVA; the maximum height is not

larger than 6 m. See Figure C.13 and Figure C.14. C)%

Q
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Figure C.13 — Geometrical representation of C&c%p D PV generators
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Figure C.14 — Combined coupling factor C for Group D

PV GroupD sim
PV generators (r=10 m)

C.3.4.1.6 Coupling factor CPV/sim at low frequencies

For all four models (Group A to D) the simulation results for the determination of a coupling
factor Cj;,, between inserted power and resulting field strength at 10 m distance showed a

roughly constant variation with frequency in the range from 4 MHz to 30 MHz. However, also
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in all simulations a distinct increase up to very large values in the low frequency range
(< 4 MHz) was observed.

Dctal:cd ;IIVUOt;Hat;UIIO hGVC DhUVVII thlo Uffcbt tU bU thc IGDU:{ Uf O}JCU;I‘;U OUftVVGIC GOO;BIICd
feed point properties assuming ideal, non-realistic electronic components gaining increasing
significance in the low frequency range for small objects compared to the wavelength when
power matched. A correction routine considering losses in the power matching network
assumed by the simulating engine was introduced that provides an effective solution for a

refined calculation in the critical frequency range from 150 kHz to 5 MHz. (l/

C.3.4.1.7 Overview of CPV- ~ for the different groups of PV generators §

?\

X
With the artificial effect of a high increase of the coupling factor at low frequecies being
compensated by the introduced correction routine (C.3.4.1.6), the coupling f%o for each
group can be represented by one non-frequency dependent average value (s?\eo[}eble C.1).

O
B

Table C.1 - Coupling factors C,,

PV QQ
generator va[sim .
group B(b“
,V
Group A 0,50, &
N

Group B /0@

Group C n’bﬂg

Group D Q\C-O,35

O

C.3.4.2 Determination of coupli&g@ctors CPV,meas by measurement

4.2.1 | QQ
C.3.4.2. Genera \\

three real installations ¢ be carried out. In the subsequent evaluation process the objects
were assigned to eachg esent one of the Groups A, C and D.

.\Q)
C.3.4.2.2 De C'Aiption of the measurement setup

Although for the reasons dgé%\abed in C.2.4.3 this task is rather complex, measurements on

h
Figure C.15 %{ews a schematic representation of the measurement setup.

o

.

{
>
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PV generator

e
. ﬁ III...

= - - I_

Signal generator

PC — Directional Antenna tuner
- o — coupler

Ty ._,f -
i Antenna

..... g8g .

HF amplifier

HF power analyser

Test receiver y<\

?Q IEC
X
S

Q
A radio frequency signal was produced by a computer ?p(l'folled signal generator and
amplified to about 40 W. The signal then passed through a bjdirectional coupler to monitor the
forward and reflected power to ensure that most of Qp power is actually radiated. The
antenna tuner helped to match the photovoltaic generat’bf to an impedance of 50 Q. When the
antenna was properly tuned the reflected power w dB less than the forward power. The
fed power is the difference of the forward and reflected power. Then the electric and magnetic
field strengths in 10 m distance from the pQ? voltaic generator were measured in three

Figure C.15 — Measurement setup

orientations (see Figure C.16). C)\%
< S
N A\
A N T
]
$\} H-field vertical 90° H-field horizontal 0°
¥
xO
o \ \
o
O® ’ H-field vertical 0° E-field vertical .

@ Figure C.16 — Antenna orientations

The combination of these three measurements by geometric addition delivered the final total
field strength, which was then divided by the square root of the fed power. For practical
reasons, data was recorded in the defined antenna positions at three different heights

N
P

Y

(h=35,9m,h=5mandh =9,8 m).

Subclauses C.3.4.2.3 to C.3.4.2.5 give the measurement results for the three different sites
including the combination procedure described in C.2.4.2. For the calculation of the final
coupling factor, the data was averaged over frequency, using the data between 10 MHz and
30 MHz, where the typical non frequency dependent behaviour of the coupling factor is
recognized.
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C.3.4.23 Measurement results for the coupling factor CF,VG e — GTOUDP A
roup A meas
(Single-family detached houses)
See Figure C.17.
§ A
< 1
g. ..
o —— H-fieldh=3,3m
£ 09 .
& —— H-fieldh=5m
& 08 H-fieldh=9,8m ||
8 — H-fieldh=3,3m
2 07 —— H-fieldh=5m
s fi =
2 06 . H-field h=9,8m ,| |
O - — — Combined C
0‘5 - ,// v
/4 —_——
04 / N
, / \ ~
0,3 >/ \ - b
0.2 \ /B‘“ =5 <
\/ Y = -~ -
0,1 N -
0 - ! >
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f (MHz)

NOTE Due to a measurement error the data point E-field h*= 9,8 m at 7,1 MHz is missing.

Figure C.17 — Coupling factor(G;

C.3.4.24

(Sun tracker)

See Figure C.18.

Measurement resulfs for the coupling factor C,

for Group A PV generators

\ Group Ameas

— Group C

\ Group Cmeas
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Figure C.18 — Coupling factor CPVGmupCmeas for %r‘;bﬁp C PV generators
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C.3.4.2.5 Measurement results for the couplin&@cto
(Large barn)

See Figure C.19.
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Figure C.19 — Coupling factor CF,VG

roup D meas

for Group D PV generators
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C.3.4.2.6

- 109 -

Overview of va. for the different groups of PV generators

Table C.2 — Coupling factors QP“ and calibration factors

imeas

PV C |
generator PVimeas ca Pvimeas
group
Group A 0,32 0,65
Group B - -
Group C 0,29 0,36
Group D 0,17 0,49

The calibration factor for each individual group was calculated by division”of the measured
and simulated coupling factor. As overall calibration factor the average of those individual
calibration factors was taken resulting in a value of 0,5. This factet was used to correct for
losses of a solar generator in a real environment with respect tpthe simulation results. See
Table C.2.

C.3.4.2.7 Consolidated coupling factors (va, )

Coupling factors were determined by simulation (va.. ) and measurement (CPv, ).

I meas

Table C.3 summarizes the results.

Table C.3 — Ovegview coupling factors CPv,.

genZYator vaisim CPVimeas CPV/
group

Group A 0,50 0,32 0,25
Group B 0,35 - 0,18
Groug C 0,79 0,29 0,36
Group D 0,35 0,17 0,18

Generally_it has to be stated that, in context with the rather complex basic model,
measutement as well as simulation is subject to various influence factors that cannot be
coyeted completely. However, the findings of both evaluations being in the same order of
nfagnitude indicates good correlation of the methods in this present case. The method of
averaging was chosen to represent, as near as possible, the smallest deviation between both
— measurement and simulation — while keeping the worst case approach. Additionally, a
calibration of the simulated figures was done by multiplying the overall calibration factor with
the individual simulation results to achieve a combination of both methods.

Peterminationof-thegtobat H factor—C
wJ \_.’IUIJGI UULIPIIIIB avivil UPV

o2 A1
\ I e i

C.3.4.3.1 General

As the limits for the LV DC power port of power converters have not been determined taking
into account different groups of PV systems, for the verification of the limits a group-
independent mean value for the coupling factor and its variance is required.
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In Subclause C.3.4.3, statistical data on the population density of PV generators in the field is
used to draw conclusions on such a global coupling factor.

€343 iTrati istributi isti v

generators in the field

In C.2.3.3 characteristic groups of PV generators were defined.

To be able to fill the model with suitable values of P i.e. describing the probability of an°,

individual PV generator of being in group i, statistical data on the distribution of PV gen@r
types (group and ideally type of GCPC) in the field is needed. ?\
X

Representative data on these parameters on a worldwide basis is difficult to obtai /\

easy to acquire, as the operator of a PV generator site is obligated to regi to be entitled to

However data on the installed nominal power of PV systems in varim@ﬁntries is rather
claim for remuneration for feeding into the public network. ?\

X
Figure C.20 shows the ratio of registered PV power generating s;@és in Germany.

NOTE 1 Data from the German Federal Network Agency (2009 to Febbséry 2015 (1 038 697 entries)). The
database does only include grid-connected installations. The database @és not consider changes (deactivation of

sites, subsequent corrections, etc.). Q)'

9 A <)_
S s --
@ N
-% 39 9% OQ‘ Data based on
5 40 X n=1038 697 registered | |
@ \ PV systems in Germany
< a5 @) (status 02.2015) | |
: <
o < O
L
E” 30 0\
5 \<2
Qo 25 \
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Q‘Q‘ Figure C.20 — Ratio of registered PV power generating systems in Germany

Figure C.21 shows the ratio of registered PV power generating systems in Sweden.

NOTE 2 Data from the Swedish Fnergy Agency (2009 to 2016 (3 813 entries)). The database does only include

O@*
Q
Q‘lx

grid-connected installations. The database does not consider changes (deactivation of sites, subsequent
corrections, etc.).
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Figure C.21 — Ratio of registered PV power generating systems in Sweden

The PV systems with a nominal installed power of yptc 20 kWp representing the major part of
all systems with a ratio of 76 % (Germany) and 82 % (Sweden), can be supposed to be mainly
applications assignable to Group A and Group®.

To obtain suitable values of p;, the followihg estimation was performed on how the predefined

groups are presumably representedin\the installed nominal power ranges and subsequent
weighting with respect to the particutar power range (see Table C.4).

Table C.4 — Estimation of p.

Installed nominal power P [kWp]
<5 5<P<10 10<P <20
Pact of the entirety of PV
systems with installed
nominal power P < 20 kWp 0,19 0,52 0,29
. Estimated p.
(from statistical data) !
Group A - Single-family
detached houses 0.9 0,45 0,15 0.5
Estimated part G B — Multi-st
oF RWsystems | Soib o = e ¢ 0 0,45 0,5 0,316 7
in_fhe respective |PUlldings with Tlat root tops
range of Group C — Sun tracking
installed supports (“trees”) 0,1 0,05 0 0,05
nominal power
Group D - La.rge barns in 0 0.05 0.35 0.133
the countryside

NOTE 3 All values are given as dimensionless quantities; respective entirety of all parts is represented by
value 1.

These values will be used in the following for the determination of the global coupling factor
Cpy (see C.3.4.3.3).
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C.3.4.3.3 Estimation for a global coupling factor EPV

Application of Equation (C.4) using the coupling factors spelled out in C.3.4.2.7 and the

distribution tactors P determined in C.3.4.5.2 will result In an estimation for a global coupling Q

factor Cpy, (Equation (C.26)). Q%
O
Q
= > C,,xp, _022£ (Cze?/q’

all groups @
XX

C.3.5 Determination of the maximum permissible disturbance power P /\
injected into the PV generator Q’\

According to Equation (C.7) the maximum permissible disturbance power P{\’o n be derived

by combining the function E;,;; with the global coupling factor EPV for requency.

permissible power can be calculated. Using 33,6 dBuV/m as permissible strength, which converts to

EXAMPLE For the example of the shortwave radio broadcast service in the @band introduced in C.3.2, the
47,9 pV/m the following is obtained:

.

: e
E2 . (47’92:]/J '\Q),
P = EL'zm't = AQ.ZdBm 0,047 yW (C.27)
PV

[0 22— Q~

C.3.6 Consideration of mismatch co\g’tlons for the verification of the limits

The available data base for re"%@t factors of the mismatch conditions (myz and m_

introduced in C.2.5) being ratlQ eak, the following options for consideration in the
verification process were note&\

a) ignore assumptions fop;realistic mismatch conditions and calculate the worst case
(i.e. maximum powerk matching in the test case and at the site of the installed PV
generator);

b) determine typic:g\ mismatch losses by (impedance) measurements on PV generator
installations,@d GCPCs;

c) use smt&}hﬂon tools such as the Monte Carlo method and operate with reasonable
vana&}&anges for the complex load and source impedances of the PV generators and
GCP.

D @the measurements of the coupling factor va. (C.3.4.2), the complex output

@{npedance of the GCPC (Zg) and of the PV generator (Z) were measured. On the three
dif

ferent sites (real objects) the impedance values were taken at 100 different frequency
pomts altogether covering the interval from 150 kHz to 30 MHz. The sites represent the
Groups A, C and D and were used to calculate the mismatch losses over frequency using the
equations given in C.2.5.2 and C.2.5.3. As expected, the mismatch loss factors vary
depending on the individual frequency. However, as this consideration is based on a

statistical process, averaging of those loss factors over frequency is feasible.

For the simulation some assumptions have to be made prior to calculation. In the test case
the load impedance Z;c is fixed at 150 Q, while the source impedance Zg is unknown.

Theoretically any source impedance would be possible, but realistically part of the complex
plane is likely to cover typical cases. From the measurement results it can be concluded, that
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no source impedance has been outside the interval for the real part between 1 Q and 1 000 Q
and for the imaginary part =1 000 j Q and 1 000 j Q. Therefore this interval was chosen for the
statistical determination of m .

A

T Distribution of impedances Histogram for mismatch loss

Counts

600 , ,

i L
0 10 20 30
Loss (dB)

IEC

Figure C.22 — Simulation results my¢ (test case)

7
The left diagram in Fig 1%%22 shows the randomly distributed load impedances (red) in part
of the complex planeg, ile the load impedance in the test case is fixed (blue dot at 150 Q).
The right diagram inyFigure C.22 shows the number of impedance pairs resulting in a dB-bin.

O

S
Also for the case an assumption is needed for the load impedance Z, presented by the

PV gener or” Guidance was given by the measurement results, which exclusively show
values in interval of 5 Q to 500 Q for the real part and -1 000j Q and 1 000 j Q for the

imag@@ry part.
O
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? Distribution of impedances T Histogram for mismatch loss
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500 - 1000 0 10 20 -

Figure C.23 - Sintulation results m_(use case)

The left diagram in Figure C.23 shows the randomly distributed source (blue) and load (red)
impedances in part of the compléx plane. The right diagram in Figure C.23 shows the number
of impedance pairs resulting in<axdB-bin. Most random pairs result in a rather low loss value.

Table C.5 gives an overyi€w on the results determined from measurement and simulation and
the combined average values of both approaches.

Table C.5 — Mismatch loss values m_and my. determined
by measurement and simulation

Msc m_
Group A 0,74 0,45
Group C 0,58 0,58
Measurement
Group D 0,20 0,06
Average of all groups 0,51 0,36
Simulation Monte Carlo 0,40 0,43
Average 0,455 0,395
Combined
A1 249 402
Aereragete3d 342 453

The calculation results in the combined average mismatch factor of mc = 0,40 for the test
case and of m_= 0,43 for the use case. Both values are very close together and of the same
order of magnitude as the averaged measurement result.
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For the task of limit verification the combined average values of simulation and measurement
are used (myc = 3,42 dB and m_ = 4,03 dB). However, it can be stated, that the approach of

ignoring the mismatch situation would not be connected with great impact on the result as the

- 115 -
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C.3.7  Calculation of Urc |imit for radio services and applications in the frequency

range from 150 kHz to 30 MHz

In a last step, from the calculated maximum permissible power in the test case Ptg |jmit the,
disturbance voltage limit for type tests on GCPCs at test sites Urc |t Was derived ugi
Equation (C.17). @
¥
Table C.6 gives an overview of the most important parameters (determined acco,@‘ng to the

procedure described in C.3.1 to C.3.6) for well-established radio services in_{fte ‘frequency
range from 150 kHz to 30 MHz.

N -
For each radio service a representative Utc |imit (fradio service) Value wa\@:ulated based on
its specific model input parameters (see Figure C.24). ,\X
P
W

b‘/

-

{
>



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017

- 116 -

+AMD2:2020 CSV © IEC 2020

L29 9'vy- | T zz'o 9'lLe S ol € 8 14 8‘¢c 0'Sl d4H L2 v 0L'GL
L29 9'vy- | TSP zz'o 9'lLe S ol € 8 14 8‘¢c 0'Sl d4H L2 v Ge'Gl
6]v9 6'9%- S Ly- 230 ¥'6¢ S oL 9 8¢ 4 8'c 8'GlL- dewy | 0l LL- 8Lyl
L189 9'ey- vy 44 9‘ce S oL € 8 4 8‘c 091 4H lC €Y 18°¢€l
L189 9'ey- vy ze'o 9‘ce S oL € 8 4 8‘c 091 4H lC €Y 0L'€l
L189 9'ey- vy zeo 9‘ce S oL € 8 4 8‘c 091 4H lC €Y 09°¢cl
L189 9'ey- vy zeo 9\z¢ S oL € 8 4 8‘c 091 4H lC €Y ozl
L189 9'ey- vy zeo 9ce S oL € 8 4 8‘c 091 4H lC €Y 08°L1
189 9'er- | ¢ zz'o 9'ce G ol € 8 4 8'c 09l d4H L2 44 €9'L1L
6159 6'Gv- | G'9p- zz'o ¥'0€ g ol 9 8¢ 4 8'c 8'vl- | Yewv | Ol 0l- €L'0l
1169 9'cy- | Z'er- zz'o 9'ce G ol € 8 4 8'c 0'LL d4H L2 144 0.'6
1169 9'cy- | Z'er- zz'o 9'ce G ol € 8 4 8'c 0'LL d4H L2 144 Gv'6
Loz 9'Ly- | 2'eh- zz'o 9've G ol € 8 4 8'c 0'sl d4H L2 S €e'.L
Loz 9'Ly- | 2'eh- zz'o 9've G ol € 8 4 8'c 0'sl d4H L2 S Ge'L
6129 6'€y- | S'vp- zz'o v'ce S op 9 8¢ 4 8'¢c 8'cl- | Yewv | Ol 8- SlL'L
Loz 9Ly~ | 2'eh- 4A) 9've S oL € 8 4 8'c 0'sl dH L2 S 0L'9
Loz 9Ly~ | 2'eh- 4A) 9've S oL € 8 4 8'c 0'sl dH L2 S G6'G
LeL 9'6e- | ¢'0P- 4A) 9'9e S oL € 8 4 8'c 0‘0z dH L2 Ly G6'c
6169 6Ly | S'eh- zz'o v've S oL 9 8¢ 4 8'c 8'0L- | Yewv | Ol 9- Gl'e
6lcL 6'8e- | §'6¢- 4A) v'LE S oL 9 8¢ 4 8'¢c 8'L- dewy | 0l € 16°1L
Les 9‘6z- | c'0¢e- zz'o 9‘ov S ol € 8 14 8‘¢c 0‘oe e[ o€ 09 00°}
6lvL 6'0e- | G'Le- zz'o v'6¢ S ol 9 8¢ 14 8'¢c 8'G- dewy | 0l L- 8v'0
Llee 9'8L- | Z'6L- [4A) 9,8 S ol € 8 z 8‘c 0Ly 47 o€ L. 8¢'0
Lv6 9'ZL- | 2'8L- [4A) 9'8G S ol € 8 14 8‘c 0‘cy 47 o€ z. 0z'0
[Afap] [wap] | [wap] [w/v] [w/Arigp] [ap] [ap] [ap] [ap] [ap] [ap] | [w/Argp] [ap] | [w/Arigp] [ZHI]
103oey
Buijdnoo
18019 Aouanbaig [Aouanbaiq | uoljeso | uoneoso| awil awi)
Hwi U._.D Hwim 0...& ._Q >&M|U :E_._m vdy vdy 8dy 8d,y ldy Ldy .__W 991A19G n_m Bm >0:w:_um._u_

w QL =p o

aoue}sIp e je ZHIN 0€ PUe ZHY 0S| U99M}aq S8dIAIas olped Joj W ILln 10 uonyemsjen — 9°9 sjqe



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 117 -

CISPR TR 16-4-4:2007+AMD1:2017

+AMD2:2020 CSV © IEC 2020

6l6S 6'1G- | G'zs- 4A) v've S ol 9 8¢ 4 8'c 8'0z- | Yewv | 0l 9l- 08'8¢
Lg9 9'ov- | ¢l zz'o 9'62 G ol € 8 4 8'c o'cl d4H L2 o 00'92
6]19 6'6v- | G'0G- zz'o ¥'9z S ol 9 ae 4 8'c 8'8l- | Yewv | Ol vl- v6'vC
99 9'Gy- | 29 zz'o 9'0¢ G oL € 8 4 8'¢c 0'vl dH L2 (8% g9'le
6129 6'8v- | G'6¥- 4A) vz S oL 9 8¢ 4 8'c 8'LL- | Yewv | Ol €l- gc'he
99 9'Gy- | 29 zz'o 9'0¢ G oL € 8 4 8'¢c 0'vl dH L2 (8% G6'8l
619 6'Lv- | G'8¥- 4A) ¥'82 S oL 9 8¢ 4 8'c 8'9L- | Yewv | Ol Zl- oL'gl
L29 9'vv- | 2'SP- zz'o 9'Le G oL € 8 4 8'¢c 0'Gl dH L2 v 08°'LL
L29 9'vy- | TSP zz'o 9'Le S ol € 8 14 8% 0'Sl d4H L2 v 0S'LL
[Afap] [wap] | [wap] [w/v] [w/Arigp] [ap] [ap] [ap] [ap] [ap] [ap] 7} Jw/Argp] [ap] | [w/ATigp] [ZHIN]
103oey
Buijdnoo
1eqo19 Aouanbaig [Aouanbaiq | uoljeso | uoneoso| awil awi)
Hwi 0._.3 Hwim o._.l ._Q >Qm :EZm vn_b vdy wn_b wn_{ Nn_b hn_{ ‘__m ELITVEL: mm BN >U:w300._n_



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 118 - CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

S A
=
g 10
£ ® UTC limit of respective radio service
5 100 = LIMItS 10T the DT portacc. 10 CloPR 11T QF
5 ° — Limits for the DC port acc. to CISPR 11 Avg %A
® T
o0 ¢
L) Q
80 \ Q(l/
70 ° y L B S — "],q/
P 1
R ....o °* o @Q
60 e

50 Qy\:\
40 N q’

30

\J

A f (MHz)
Q IEC

Q
Figure C.24 — Overview of the calculated Uyc Limit value&a/r radio services between
150 kHz and 30 MHz at a distance,b(d =10 m

The analysis of the green dots in Figure C.24, eaq?;representing a radio service from the
radio service database, implies to average the s over frequency in order to obtain a

horizontal limit line as existing in CISPR 11 @mitting the values of the first three radio
services as the Ilimit is sloping Q this frequency range a value of

UTCLimit (fradio Sewices) =67,9dBpV is obtain@ r the average detector.
S
Although the application of the int@ced model was based on various input parameters and

contains many statistical proce it leads to a calculated limit value comparable to the
established limit in CISPR 11.0\\
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Annex D
(informative)

Model for the estimation of radiation from in-house
extra low voltage (ELV) lighting installations

D.1 Overview

D.1.1 Content and scope Qq’

This annex presents the method used to verify the limits set for extra-low voltage (EL mps
at their terminal connector which were introduced in CISPR 15:2013/AMD1:201 1(14] and
included in the subsequent edition of CISPR 15 published in 2018. This ann '\9 esents a
model for estimation of the radiated disturbance from (ELV) lighting installatiphs that are
typically applied in residential environments. The modelling is limited to t adio frequency
range from 9 kHz to 30 MHz. @

The model is based on theoretical assumptions. Numerical simulatiot is used for exercizing

the models. Q
Q

The model is limited to disturbances arising from a single u;bi‘of an ELV lamp. Aggregation
effects of multiple ELV lamps in an installation are not,bddressed. This annex does not
consider the effects of disturbances from ELV power ,':\%yrces that are used to supply ELV

lamps
p &Q‘

D.1.2 Application configurations of ELV | S

ELV lamps are usually small-sized Iampsr@@m type) that are connected via a two-wire ELV
cable to a power source. The power sou;\a is usually an electronic or magnetic transformer
that is fed via the low-voltage AC @ains network. Typical applications are shown in

Figure D.1. <(
O

Normally, one or more of these\ V lamps are applied in a luminaire in which each lamp is
connected via a two-wire cablé-to the power source. The two individual leads of the ELV cable
run closely together inside the Iluminaire (Figure D.1a)). Sometimes, ELV lamps are
connected in an arbitra %stributed way to a flexible rail installation below a ceiling or on a
wall as shown in Fig .1b). The two wires or metal bars of the rail system provide the ELV
connection from eagh®amp to the power source.

5 Withdrawn.
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D.1.3
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IEC (19
Q
a) ELV lamps applied in a luminaire f’l/
v
®
S S Wa
X\
P
~ S N -
= Y
S
X
S
Y
b‘.
b‘ IEC

Q)/
b) ELV lamps applied in a flexair il installation
Figure D.1 - Applica&cﬁhof ELV lamps

Potential interference from ELV @ s

Previous types of ELV lamps were passg\ec{ungsten halogen lamps which were fed via an AC

magnetic transformer. A typical circujt,i

hown in Figure D.2. In the past there was no risk for

radio disturbance from these passiverhalogen ELV lamps and the 50 Hz or 60 Hz magnetic
transformers. In the past decad%:[ e magnetic transformers have been replaced by small-
t

sized electronic transformers.%r
LED-lamps. As a result, ‘Q c

disturbances via the
CISPR 15:2013/AMD1:

ELV lamps.
¥
xO
O
<

E

ermore, ELV halogen lamps have been replaced by active
tronic (LED) ELV-lamps could potentially cause radio
@Niring it is connected to. Therefore, since the publication of

[14], specific limits have been introduced for the ELV terminals of
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ELV lamp (including the
Mains potential disturbance source)

cable + metallic holder
_\/\ //\\

DI iVCI
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ELV cable ®
Disturbance
& voltage source
t + impedance
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output D
impedance o ELV cable
" I
A
” N
Optional PE or FE
connection
RGP

IEC

Figure D.2 — Typical components and wiring for an ELVNamp connected to a power
source and the associated lumped-circuit nigtlel of the ELV part

D.1.4 Interference scenarios and associated CISPR 15 limits for ELV equipment

Figure D.3 shows the potential interference sggnarios of an ELV lamp connected via an
auxiliary power source to the AC mains networkl

It is assumed that the lamp contains a differential-mode disturbance source with an unknown
impedance.

ELV lamps are usually small and)have symmetrical connections with an ELV network. It is
assumed that the capacitancenef the ELV lamp to the remote ground is so small, that no
common mode disturbance clirrént can be introduced via capacitive coupling of the ELV lamp.

The differential-mode disturbance current flows into a symmetric two-wire system, the two
individual wires of which run parallel and have equal lengths. So, for a pure symmetrical
installation, the disfurbance current in each wire of the ELV cable has a phase difference of
180°. In normal (Wminaire applications (as depicted in Figure D.1a)) the length of the ELV
wires is limited.and the distance between the wires is very small.

In some,“~more rare applications (example as depicted in Figure D.1b)), ELV lamps are
conngetted using a flexible rail wiring system, of which the two individual wires can have a
longar length, and which may be separated by a couple of centimeters. If such a rail system
rans close to a conductive structure in a ceiling or wall, an unbalance may be introduced
giving rise to a common-mode current.

In such practical installations, branching of the ELV wiring and application of multiple ELV
lamps distributed across the wiring installation is often applied. But this will not be considered
in the modelling in this annex.

Figure D.3 shows the potential interference scenarios from both the ELV part and the mains
part (= low voltage — LV part) of an ELV system.
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CISPR 15:2018 provides two methods for measuring disturbances from ELV lamps. Where the
ELV lamps are applied with a specific power source (restricted ELV lamps), then the
disturbance level of this specific combination shall be measured at the mains side of this

D
&

specific power source using an artificial mains network (AMN) and the normal mains
disturbance voltage limits of Table 1 of CISPR 15:2018. A

9
If there is no restriction for the application of power sources (non-restricted ELV lamps), then QQ
the limits for conducted disturbance voltages of Table 4 of CISPR 15:2018 apply using an
AMN at the ELV interface (see Table D.1). These limits are 26 dB above the Table 1 limits ofq/Q
CISPR 15:2018 that apply for the mains voltage (LV) disturbances. The value of 26 dB ¢ .
based on the typical value of the ELV power source insertion loss of the differential@/

(DM) current.
XX

Hence, the following potential interference scenarios can be recognized from Figum{b.&

a) conducted coupling from mains disturbance currents (LV-side) to nei h(a‘Ouring mains
connected radio receivers;

b) radiated coupling from mains disturbance currents (LV-side) @eighbouring radio
receivers; X

c) radiated coupling from the common mode (CM) disturbance 6@%nts in the ELV cable to
neighbouring radio receivers;

d) radiated coupling from the DM disturbance currents in the,MV cable to neighbouring radio
receivers;

%/
Coupling scenarios a) and b) are covered by the n@'él mains disturbance voltage limits of
Table 1 of CISPR 15:2018. &

Coupling scenarios c) and d) are covered bﬁe limits for conducted disturbance voltages of
Table 4 of CISPR 15:2018 (using an AMN e ELV interface). In addition, coupling scenario
d) is also covered by the magnetic field {imits of Table 8 or Table 9 of CISPR 15:2018, which
conditionally apply (see 5.3.4.1 of CI?(PQ 5:2018).

D.1.5 Modelling of two inter@‘@nce scenarios

Radiated coupling from the D@disturbance currents, i.e. scenario d) of D.1.4, in the two-wire
ELV cable to the electrom etic environment is possible, as the current is not flowing exactly
at the same location, but>at a separation distance d from the wires. The largest separation
distance will also ge%f\ate the highest level of the disturbance field. The model of this DM
interference scena@ described in more detail in Clause D.2.

A second co '\'g effect can occur if the symmetry of the wire system is compromised, i.e. by
a couplin emote ground, which may be larger for one of the wires and smaller for the
other wir&}his would result in some conversion of DM to CM current and the ELV wiring then
acts ‘a common mode radiator. This is coupling scenario c) of D.1.4 and is described in
mo® tail in Clause D.3.

O

or modelling of the two scenarios, the separation d will be limited to 10 cm, as practical

O&stallations are unlikely to show larger distances (see also D.4.3).
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Figure D.3 — Coupling scenarios

D.2 Direct coupling of the differential mode current

Two wires with a separation distance d carry an equal current flowing”in opposite direction as
shown in Figure D.4.

Wire system

Point P
4 *

Distance d

g
o

A
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A

1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
>
1

IEC
Figure D.4 — Two wire scenario

In point P, which~is separated from the wire system by the protection distance r, both wires
produce a magnetic field, which is described by the Biot-Savart-Law given in Equation (D.1).

H=— (D.1)

If.both wires are at the exact same distance from point P, the two magnetic field components
will cancel each other out, as the current is flowing in opposite direction delivering a minus
sign in the superposition of the two field components at point P. As one wire is a bit closer to
point P and the other a bit further away, the cancellation is not perfect. Equation (D.2) shows
the resulting field strength under the assumption that the distance between the wires is much
smaller than the protection distance.

T e S B N (D.2)

2 1 5.2
2 r—g 2r /‘+g e rz—d— e
2 2 4
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Defining the coupling factor for current to magnetic field (for the described effect due to the
wire system) Cyys | leads to Equation (D.3) and inserting the protection distance of r = 10 m

and the wire separation distance d = 0,1 m (see D.1.5) results in a fairly small value.

1591074 (D.3) Q%
m
Q
N
Taking the voltage limit of 82 dBuV (150 kHz < f <5 MHz) and 86 dBuV (5 MHz <f<30 MH q/

specified in Table 4 of CISPR 15:2018 and considering a differential mode impedan
Zpy = 100 Q, this results in maximum magnetic field strength values accor% to

Equation (D.4). ,\X
N

1000 -4p (19

_ 1. 0im
72t T 2x(10mf

Vi init 150 kiz << 5 Mz = 82 dBHV =0,0126 V—222 512610 N

Viimit 5 MHz < £ < 30 MHz = 86 dB“VZO'OZV%Z”O_AA @Q (D.4)
41 4 ?‘ MA .

Hmax150kstf£5MHz :CWS,IX/:1'59X1O EX1'26X1O A:2,OOX}QﬁE:—34dBF

41 4 g A HA
i s Wiz < < 30wz = Cus </ =159 X104 12,0107 :3.”1910 230082
b"b‘
NOTE 1 The differential mode (DM) impedance of Z,,, = 100 Q appfied for the modelling is the impedance of the

AMN to which the ELV lamp is connected during a conducted emissf‘on measurement. The actual DM impedance of
a power source (driver) to which the ELV lamp is connected will)differ from this value and is generally unknown.
Furthermore, the overall DM impedance is the sum of the DM 4 dance of the AMN (100 Q) and the impedance in
series of the disturbance source inside the ELV lamp. The Jatter is generally unknown, but 0 Q certainly represents
the worst case. Q

As Table 9 of CISPR 15:2018 also ¢ s magnetic field strength limits for lighting
equipment, a comparison can be mad show, that field strength estimated with Biot-
Savart-law that is applied to differe tidDmode current is not relevant. Figure D.5 shows the
magnetic field limits in 3 m distag%as required in Table 9 of CISPR 15:2018. Those are
converted to 10 m distance usin e conversion factors laid out in Table B.5. Note that the
conversion factors are derivedyhy assuming a small magnetic dipole source on a perfectly
conductive ground. The vald€s’can now be compared to the value given in Equation (D.4).
The Biot-Savart values ar\%@elow the converted limit for all frequencies in question.
h

Q
¥
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Figure D.5 — Field strength derived by Biot-Savart-la lied to a differential mode
current in comparison with t “)I%Iues in
CISPR 15:2018, Table 9 (3 m) converted to 10 m

This field strength is rather low, but can be domij 'a$?t in some cases. This can be considered

by ensuring that none of the coupling factors in this document falls below the coupling
factor Cyg of this Biot-Savart derivation. convenience the coupling factor defined in
Equation (D.3) is converted to electric fiel its and power feed (see Equation (D.5)).
O
ZoxH Z Z
Cpys = —— =29~ = G x 72 =159x107 — 13779 500632 (ps)
f NI \\ x/ JE 100Q m

A smaller coupling fact%@ésults in a higher limit value allowance for a given maximum
disturbance field str$ To account adequately for the effect of wire separation the
calculated value of ation (D.5) shall be used instead of the coupling factor if any of the
coupling factors def\ ed for con3|derat|on of other effects (i.e. capacitive coupling to remote
ground, see Claz@a D.3) is below the calculated value of Equation (D.5).

NOTE 2 \soupllng factors used in Clause D.2 refer to the input power inserted in differential mode with
respect to differential mode impedance presented by an AMN. The voltage limit calculated is therefore a
differential mode voltage and needs to be corrected by subtracting 6 dB, as usually only one unsymmetrical voltage
at a&&s measured with the AMN.

g{).(é Capacitive coupling to remote ground

The effect of capacitive interaction with remote ground is predominant over branching or
differences in wire lengths. Only the predominant effect for unbalance, leading to radiation of
the ELV lighting installation needs to be considered. To describe the effect, a coupling factor

of the electrical field CUAP Ep ta a given inserted power and a second coupling factor for the

magnetic field Copap yp is defined as given in Equation (D.6).

c xNP AH=C !

E X X
CAP,EP CAP.HP 1207

(D.6)



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 126 — CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

They differ, because for most frequencies the victim receiver is in the near field zone of the
radiating lighting installation.

rur uric varcuiativimtT Ul uic TCopUTULIVE  CUUPIITTY TAULUT S, SITTIUTdliUTTo  WIllT d IVIAAWTIT TUUatluri
solver (i.e. NEC2, FEKO, Concept) can be carried out, using a representative lighting
installation. Here besides the lighting installation itself, the capacitive load is simulated as
well. As one possible worst case a conductive metal element, which itself is grounded, is in
close proximity to one of the wires. This is used to represent the practical case of the wire
lying in a metallic wire tray.

Figure D.6 shows the worst case scenario the radiation model is based on.

IEC
Figure D.6 — Principal model used for the simulations

It is representeddy a vertical two wire line with a length of 10 m which starts 1 m above the
ground. The two“parallel wires have a distance of d = 10 cm to each other and are fed with a
differential. miode current at the bottom of the wire system in a constant power condition by
impedande ynatch. The upper end is terminated with a resistor which equals the value of the
line impédance of the wire (572 Q).

NOTE’'1 For illustration purposes, only the two wire line is shortened to a 3 m length to fit well in this picture and
the“/conductive vertical plane, which is connected to the ground, is much closer to the two wire system in the
simulation than depicted in Figure D.6.

To introduce unbalance, a conductive vertical plane of 30 cm width is placed perpendicularly
to the two wire lines at a distance of 5 cm from the facing wire. Since the distance of that
plane to the other wire is now 15 cm, the capacity to ground is much higher from the closer
wire than from the remote wire thus unbalancing the system Furthermare this conductive

plane is connected to the ideally conducting ground plane, which on the whole represents a
worst case model for the assessment of the coupling factor.

Figure D.7 shows the field strength distribution on a plane at a distance of 10 m from the
installation.
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IEC

a) Capacitive load distance to wires 1 m

IEC

b) Capacitive load distance to wires 5 cm

Figure D.7 <Electric field distribution (at 10 MHz) on a vertical plane
at.&distance of 10 m from the vertical two wire system

When the capacitive load is placed at a distance of one meter from the two wire system
almost no figld*is detectable (Figure D.7a)). Placing the capacitive load only 5 cm away from
the wire (leads to a quite different result (Figure D.7b)). It can be clearly seen that the
introduction of an unbalance to the system dominates the radiation characteristics.

This“again confirms the statement that an unbalance of the system to remote ground has a
large impact while direct radiation caused by the differential mode current in the
corresponding wires can be neglected in these considerations.

The simulation is repeated for different sizes of the capacitive load. In the first simulation the
capacitive plate is only 3 m high. As this length influences the frequency dependence of the
coupling factor due to resonance effects, it is repeated with a length of 6 m and 9 m.

Figure D.8 shows the final result of the coupling factor as a function of frequency. Depending
on the length of the capacitive plate, the maxima are located at different frequencies but of
the same magnitude. A general trend can be observed, as low frequencies are radiated
slightly less effectively, while for the upper frequencies the wire system becomes a more
effective radiator.
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QAE A Coupling factor for 10 m distance
— 0,3 A
S ————— E3m
& 0287 E6m
)} E9m
£ 0264|---~- H3m %Q
3 - === H6m C)
O 0,24 H9m Q
= Average (1/
0,22 - | =™ Regression (19
0,2 A
0,18
0,16 -
0,14 -
0,12
0,1 A
0,08
0,06 1
0,04 1
0,02
0

T - T T T T
0 2 4 6 8 10 12 14 Q«s 18 20 22 24 26 28 30
f (MHz)

\%Q IEC

The dotted lines show the magnetic field case, w&&e for comparability, the result was multiplied by 120 x m Q.

Figure D.8 — Cou&@ factor result for 3 different scenarios

To find a closed formula for g%%coupling factor, all calculated factors were averaged (red line
in Figure D.8) and a regression line was calculated, which is described by
Equation (D.7).

A\Q’ Ja
\Q Cead f)l:? =0,00238xf MHz)+0,01617 (D.7)
O
\
NOTE 2 aII frequencies considered the coupling interaction is stronger than the effect of the wire system

descrbgq in Clause D.2, therefore only C,p is considered in the calculation for limit validation.

[(A Consideration of probability factors

OQ~ D.4.1 General

The disturbance will not actually occur in all cases, due to the fact that victim and source
need to coincide in time, location and frequency. These three probability factors are assumed

toptay themajor totema disturbance stemario fronm ELV-ghtimgimstattations:

When logarithmic probability factors are calculated, the linear probability shall be converted to
a logarithm in base 10 and multiplied with a factor of 10, which originates from the signal-to-
disturbance ratio defined as ratio of received signal power to the received disturbance power.
Solely for distance ratios a factor of 20 shall be used.
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NOTE Building attenuation was not considered as for the frequency range up to 30 MHz no reliable data is

available. Due to the relatively large wavelength, the penetration depth is large compared to the thickness of the
walls. Unless enforced concrete walls are used, the electromagnetic wave are only slightly or not attenuated.

———————B42—Probability facterfor-time-—coincidencenprandopy

The disturbance can only occur at times, when the lighting installation is in operation. It can
be assumed that most lamps are only used when there is no daylight available, resulting in an
overall usage of 12 h per day. This leads to the probability of 50 % and the resulting factor as

shown in Equation (D.8). (1/

X
X
However, different night time lengths occur in the course of the year. Thereforg a need for

light varying between 4 h to 20 h per day following a uniform distribution.fs. assumed. The
respective standard deviation can be calculated as shown in Equation (D@b

?\

1O><|0910( 4jxgx'°g1°(20}b‘q96\ (D.9)

v/

/
D.4.3 Probability factor for location coincidence hps and opg

Op7 =~

It is assumed, that every second household us /%‘LV lighting somewhere on the premises.

However, the coupling model using wire line aration distances of 10 cm represents the
worst case. Such systems are more spa populated in residential areas and it was
suggested to assume only one out of elgh allatlons would be of such type. This could vary

insofar as every second household or OEQ) very twentieth household has such an installation,
which leads to the values given in EoQa n (D.10).

O

=-10xlo 0,5x0,125)=12 dB
s\@’ b

\\QQ

1 1
D 10x|og10(J—1Oxlog1o£]
. 2 20
Q\Q) Opg =— 5 =5dB (D.10)
xO
It was assx?éd that there is only one amateur station in every thousand households in a

world av e. Therefore an additional location coincidence was applied in the case of the
ama’g\r’ radio service.

C)O
@, Hpg amar = —1010g;4(0,001) =30 dB

10 x| 0,0005)—10x] 0,005 (D.11)
O Opg AmaR =~ Xogm( )2 xogm( )=5dB

D
&

D.4.4 Probability factor for frequency coincidence up, and opy

Q
N

No data on the frequency probability in case of the ELV lighting installations is available at
present. Therefore the frequency coincidence is assumed to be unity which represents the
worst case.
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(D.12)

@.
X

D.5 Calculation of the limit Q%A
To fulfil the primary task of verification of the limits for ELV lamps as specified since the (19
publication of CISPR 15:2013/AMD1:2015 [14], this clause presents a calculation based on a ~Q)
simulation of the coupling factor with a worst case model. The following list gives an overvie‘vtq/

of the parameters needed for the verification for a given radio service or applicaQ

Subsequently, the assumptions made to gain concrete values for the calculation e
described in detail. X
,\X
« wanted signal field strength E,,; Q’\
e required S/N resp. protection ratio Rp; r\q’
e probability for time coincidence Py; @Q
e probability for location coincidence Pg; ,\x?\
Q

e probability for frequency coincidence inclusive harmonics P4r;_19

e global coupling factor C_,. b(b‘

The maximum permissible interference field strength E thr the disturbance is determined by
subtracting the protection ratio from the wanted si field strength of the radio application.
Usually these parameters are given in ITU R ications, but for simplicity CISPR has
collected and published the results in the ' Services Database" on the IEC website
under the EMC technology sector. There th dio application to be protected is chosen and
the permissible disturbance field strength calculated This has to be evaluated for every

entry in the radio services database resulting in a function for E;. dependent on the frequency.

If the bandwidth of the radio servg?Qs equal to the measurement bandwidth nothing needs to
be done with respect to correcti f maximum tolerable noise. In the case of lower bandwidth
of the radio service, as in Q@ ase of the amateur radio services, the bandwidth shall be
corrected according to Sub%a se 5.6.6.2 using Equation (D.13).

\$

) bvictim
K\ Eir corr = Eip +10xlog| ———ictim (D.13)
\O measurement
NOTE The_d« ent is based on the assumption that the signal characteristics of disturbances caused by ELV
systems in worst case are continuous, leading to equivalent outputs of all CISPR detectors.

Th missible interference field strength E;.;; with the consideration of probability factors
i culated by Equation (D.14).

[2 . 2 . 2
Eimit = Eir,com + Hpa + Hp7 + Hpg — 1y X|Opy +0p7 +0pg (D.14)

According to the relationships between the quantities given in Equation (D.6), the maximum

permissible disturbance power P_ can be derived by combining the function E ;.
(Equation (D.14)) with the coupling factor given by Equation (D.7) (as coupling interaction
caused by the wire system can be neglected as shown in Clause D.3) for each frequency
resulting in Equation (D.15).
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2
p - E L imit
2
¢

(D.15)

The disturbance voltage limit for type tests on ELV lamps at test sites Uy, can be derived

using Equation (D.16).

Uit V] = 10002 £ [W]
Uiimit [ WV ]

UL imit| dBRV ] = 20 xlog; WV

(RETBY

Table D.1 gives an overview of the most important parameters for well-estaghlished radio

services in the frequency range from 150 kHz to 30 MHz.

Table D.1 — Calculation of U| ;,;; for radio services between 150 kHz and 30 MHz

f E, Rp | Service E;; Hp7 Hpg Hpy Elimit Ceap P ULimit
Time |Location | Frequency

[MHz] | [dBuV/m] | [dB] [dBpV/m] | [dB] | [dB] Gl [dBuV/m] | [@/m] | [dBm] | [dBuV]
0,20 72 30 LF 42 3 12 0 52,5 0,017 -1,9 108,1
0,28 71 30 LF 41 3 12 0 51,5 0,017 -3,0 107,0
0,48 -1 10 AmaR -11 3 42 0 33,1 0,017 -21,7 88,3
1,00 60 30 MF 30 3 12 0 40,5 0,019 -14,9 95,1
1,91 -3 10 AmaR -13 3 42 0 31,1 0,021 -25,3 84,7
3,75 -6 10 AmaR -16 3 42 0 28,1 0,025 -29,9 80,1
3,95 47 27 HF 20 3 12 0 30,5 0,026 -27,7 82,3
5,95 45 27 HF 18 3 12 0 28,5 0,030 -31,2 78,8
6,10 45 27 HF 18 3 12 0 28,5 0,031 -31,3 78,7
7,15 -8 10 AmaR -18 3 42 0 26,1 0,033 -34,4 75,6
7,25 45 27 HF, 18 3 12 0 28,5 0,033 -32,0 78,0
7,33 45 27 HF 18 3 12 0 28,5 0,034 -32,1 77,9
9,45 44 27 HF 17 3 12 0 27,5 0,039 -34,3 75,7
9,70 44 27 HF 17 3 12 0 27,5 0,039 -34.,4 75,6
10,13 -10 10 AmaR -20 3 42 0 24 1 0,040 -38,0 72,0
11,63 43 27 HF 16 3 12 0 26,5 0,044 -36,4 73,6
11,80 43 27 HF 16 3 12 0 26,5 0,044 -36,4 73,6
12,05 43 27 HF 16 3 12 0 26,5 0,045 -36,6 73,4
13,66 43 27 HF 16 3 12 0 26,5 0,049 -37,2 72,8
13,70 43 27 HF 16 3 12 0 26,5 0,049 -37,3 72,7
13,87 43 27 HF 16 3 12 0 26,5 0,049 -37,4 72,6
14,18 -11 10 AmaR -21 3 42 0 23,1 0,050 -40,9 69,1
15,35 42 27 HF 15 3 12 0 25,5 0,053 -39,0 71,0
15,70 42 27 HF 15 3 12 0 25,5 0,054 -39,1 70,9
17 50 42 27 HE 15 3 12 0 255 0058 | -308 | 702
17,80 42 27 HF 15 3 12 0 25,5 0,059 -39,9 70,1
18,10 -12 10 AmaR -22 3 42 0 22,1 0,059 -43,4 66,6
18,95 41 27 HF 14 3 12 0 24,5 0,061 -41,3 68,7
21,23 -13 10 AmaR -23 3 42 0 21,1 0,067 -45.,4 64,6
21,65 41 27 HF 14 3 12 0 24,5 0,068 -42.1 67,9
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Figure D.9 — Overview of the %ulated ULimit values for radio services
betw. 150 kHz and 30 MHz

O
gs in Figure D.9 (each representing a radio service from the
radio service database) a fre \ncy dependent limit line as drawn in green would be a logical
choice. The line was derive@b linear regression with the limit values against the logarithm of
frequency leading to a Ii@of 107,7 dBuV at 150 kHz decreasing with logarithm of frequency
to 63,8 dBuV at 30 MHQ\

)

\)
The presented %el was developed based mainly on worst case assumptions and not

validated by\é&periments. Moreover, probability factors were estimated from limited
informatio ,\Q

From the analysis of the green

From this calculation, it can be stated that many radio services in the frequency range above
5 are not fully protected, while on the other hand, the existing limit line in the lower
ency range seems to be too strict.

f
OQ‘Q‘
Q%
NS

f E, Rp | Service E;, Hp7 Hpg Hpy E\imit Ceap P ULimit
Time |Location | Frequency
[MHz] | [dBuV/m] | [dB] [dBuV/m] | [dB] [dB] [dB] [dBuV/m] | [Q/m] | [dBm] | [dBuV]
24,94 -14 10 AmaR -24 3 42 0 20,1 0,076 | -47,5 62,5 Q
26,00 40 27 HF 13 3 12 0 23,5 0,078 | -44,4 65,6 c)%
28,80 -16 10 AmaR -26 3 42 0 18,1 0,085 | -50,5 59,5,
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-4: Uncertainties, statistics and limit modelling -
Statistics of complaints and a model for the calculation of limits
for the protection of radio services

FOREWORD

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

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

3) IEC Publications have the form of recommendations for-international use and are accepted by IEC National
Committees in that sense. While all reasonable effotts 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 any
misinterpretation by any end user.

4) In order to promote international uniformity,~lEC National Committees undertake to apply IEC Publications
transparently to the maximum extent pgssible in their national and regional publications. Any divergence
between any IEC Publication and the corrésponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

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

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

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

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

CISPR 16-4-4 edition 2.2 contains the second edition (2007-07) [documents CISPR/
H/1 i CIS/H/313/

47/DTR and CISPR/H/153/RVC], its amendment 1 (2017-06) [documents
DTR and CIS/H/319/RVC] and its amendment 2 (2020-04) [documents CIS/H/402/DTR and
CIS/H/407A/RVDTR].

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is
available in this publication.


https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

-8 - CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has
collected data of a different kind from that which is normally published as an International
Standard, for example "state of the art"

This second edition of CISPR 16-4-4, which is a technical report, has been prepared by
CISPR subcommittee H: Limits for the protection of radio services.

This second edition of CISPR 16-4-4 contains two thoroughly updated Clauses 4 and 5,
compared with its first edition. It also contains, in its new Annex A, values of the classjcal
CISPR mains decoupling factor which were determined by measurements in real LV AC mains
grids in the 1960s. It is deemed that these mains decoupling factors are still validi'and
representative also for modern and well maintained LV AC mains grids around the world.

The information in Clause 4 — Statistics of complaints and sources of interféerence — was
accomplished by the history and evolution of the CISPR statistics on complaints about radio
frequency interference (RFI) and by background information on evolution ‘in radio-based
communication technologies. Furthermore, the forms for collation of aectual RFI cases were
detailed and structured in a way allowing for more qualified assessmént and evaluation of
compiled annual data in regard to the interference situation, as €.g. fixed or mobile radio
reception, or analogue or digital modulation of the interfered with radio service or
application concerned.

The information in Clause 5 — A model for the calculationxof limits — was accomplished in
several ways. The model itself was accomplished ,iny respect of the remote coupling
situation as well as the close coupling one. Further supplements of this model were
incorporated regarding certain aspects of thex<coupling path via induction and wave
propagation (radiation) of classical telecommunigation networks. Furthermore, the calculation
model on statistics and probability underwent ‘revision and was brought in line with a
more modern mathematical approach. Evéntually the present model was extended for a
possible determination of CISPR limits in the frequency range above 1 GHz.

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

The committee has decided thatthe contents of the base publication and its amendments will
remain unchanged until the’ stability date indicated on the IEC web site under
"http://webstore.iec.ch" in_the data related to the specific publication. At this date, the
publication will be

e reconfirmed,

e withdrawny

e replaced-by a revised edition, or
e amended.

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

colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-4: Uncertainties, statistics and limit modelling -
Statistics of complaints and a model for the calculation of limits
for the protection of radio services

1 Scope

This part of CISPR 16 contains a recommendation on how to deal with statistics “of radio
interference complaints. Furthermore it describes the calculation of limits for disturbance field
strength and voltage for the measurement on a test site based on models for the’distribution
of disturbances by radiated and conducted coupling, respectively.

2 Normative references

The following referenced documents are indispensable for the.application of this document.
For dated references, only the edition cited applies. For undatedifeferences, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility (available at http://www.electropedia.org)

CISPR 11, Industrial, scientific and medical) equipment — Radio-frequency disturbance
characteristics — Limits and methods of measturement

CISPR 16-4-3, Specification for radio @jsturbance and immunity measuring apparatus and
methods — Part 4-3: Uncertainties, statistics and limit modelling — Statistical considerations in
the determination of EMC compliance of mass-produced products

CISPR 15:2018, Limits and methods of measurement of radio disturbance characteristics of
electrical lighting and simijlat’equipment

3 Terms and definitions

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

ISO and 1EC maintain terminological databases for use in standardization at the following
addresses:

o . |EC Electropedia: available at http://www.electropedia.org/

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

3.1 Terms and definitions

31t

complaint

request for assistance made to the RFI investigation service by the user of a radio receiving
equipment who complains that reception is degraded by radio frequency interference (RFI)
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3.1.2

RFIl investigation service

institution having the task of investigating reported cases of radio frequency interference and
which operates at the national basis

EXAMPLE Radio service provider, CATV network provider, administration, regulatory authority.

3.1.3

source

any type of electric or electronic equipment, system, or (part of) installation emanating
disturbances in the radio frequency (RF) range which can cause radio frequency interference
to a certain kind of radio receiving equipment

3.2 Symbols and abbreviated terms

Ei permissible interference field strength at the point A in space where-the antenna
of the victim receiver is located — without consideration of probability factors

Elimit permissible interference field strength at the point A in space*where the antenna
of the victim receiver is located — with consideration of probability factors

Rp protection ratio

Cpy coupling factor describing the proportionality of\the field strength E with the

square root of the power P injected as commonyxmode into the radiating structure
by the apparatus (GCPC)

Group A defined PV generator group for single-family detached houses
Group B defined PV generator group for multi-storey buildings with flat roof tops
Group C  defined PV generator group for sundracking supports (“trees”)
Group D  defined PV generator group forlarge barns in the countryside

P, probability of an individual RV generator being a member of Group i

EPV group-independent meéan’value for the coupling factor

Pg disturbance poweremitted by a GCPC with the complex source impedance Zg

P power injected into the PV generator eventually radiated via that installation

Prc disturbange:power determined at the DC-AN on a standardized test site according
to CISPR"11 with fixed impedance Z;¢ = 150 Q

ULimit permitted disturbance voltage limit

Py probability for time coincidence (up; in dB)

Pg probability for location coincidence (upg in dB)

Py probability for frequency coincidence inclusive harmonics(up, in dB)

. mismatch loss in use case (between the GCPC with complex source impedance

Zg and the PV generator with complex load impedance Z, )

mrc mismatch loss in test case (between the GCPC with complex source impedance
Zg and the DC-AN according to CISPR 11 with measurement impedance fixed to

ZTc = 1506
AMN artificial mains network
CM common mode
DC-AN DC artificial network
DM differential mode
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GCPC grid connected power converter
S/N noise power/signal power

4 Statistics of complaints and sources of interference

4.1 Introduction and history

The previous edition of CISPR 16-4-4 contained, in its Clause 4, a complete reprint of CISPR
Recommendation 2/3 on statistics of complaints and sources of interference. However, due to
modern technological evolution in radio systems directed towards introduction of digital radio
services, and due to increasing use of mobile and portable radio appliances by the public)the
traditional CISPR statistics of complaints on radio frequency interference are experiehncing a
decreasing significance as an indicator of the quality of standardisation work for the/protection
of radio services and applications. That is why related information in this“\edition of
CISPR 16-4-4 is reduced to the necessary minimum allowing interested parties“to continue
their complaint-based collation of data on an annual basis.

In order to accommodate the evolution in modern radio technology and-mobile and portable
use of radio receiving equipment, it may be necessary to replace omto* gather the complaints-
based CISPR statistics by other more modern statistics or means, These new statistics should
be based on a systematic annual collation of data about degradation of quality of radio
services and reception due to electromagnetic disturbances,occurring in the environment.
These data will have to be collected and processed, however, primarily by the radio service
providers themselves.

4.2 Relationship between radio frequency interference and complaints

Whatever the radio system involved, official camplaints usually represent only a small subset
of all occurring interference situations. Occasional interference generally does not lead to an
official complaint if its duration is brief or if it happens only once in a while. It is only when the
same interference situation occurs repétitively that an official complaint is reported. This
situation also greatly depends on thé conditions of use (fixed or mobile) of the victim radio
system.

4.2.1 Radio frequency interference to a fixed radio receiver

Before the wide development of portable radio devices, radio systems that suffered from
interference were generally used in fixed locations. This is the case, for example for a TV set
in a flat or home: if¢his TV set is regularly interfered with by radiation or conduction from
other equipment located inside or just outside the house, then it is probable that a complaint
will be issued. The same applies if a satellite antenna, a fixed radio link, or a cellular phone
base station suffers from radio frequency interference.

4.2.2 Radio frequency interference to a mobile radio receiver

Thé multiplication of portable radio systems such as cellular phones and short range radio
systems has changed the conditions regarding interference situations and interference
complaints. The ability for the user to move makes it easier to resolve a particular interference
case, but makes it more difficult to recognise that an interference case has actually occurred.

4.2.3 Consequences of the move from analogue to digital radio systems

In addition to-thae conditione of nea of tha vietim radia cvuctam tachnalaaical avalutinn in radin
e+t RaHO RS B+HdSe—-oo+— e e ao-—SyStem—e 6 etogica—evordHoR—Hi1aato

services with successive phasing out of analogue and exponential growth of digital
applications also has consequences on the number of reported interference cases.

If a digital mobile phone or a wireless LAN receiver cannot receive the signal from the nearest
base station or access point because of an unwanted emission from a nearby equipment, the
user will never suspect this equipment and will not even consider the possibility of an
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interference occurring. He will assume that the coverage of the network is poor and will move
to another place to make his call or to get his connection. Furthermore, as these systems are
generally frequency agile, if one channel is interfered with, the system will choose another
channel but if all other channels are accupied then the phone will indicate that the network is

busy, and once again, the user will think the network capacity is not large enough to
accommodate his call, but he will never suspect an EMC problem.

Generally for analogue systems, one can hear the interference. With digital and mobile
systems, interference is much less noticeable (muting in audio reception, or frozen images on
the TV set for DVB). In addition, modern digital modulations implement complex escape
mechanisms (data error correction, frequency agile systems, etc.) so that the system can
already be permanently affected from an EMC point of view before an interference case is
actually detected.

4.3 Towards the loss of a precious indicator: interference complaints

The evolutions detailed above — generalisation of mobile use of radio receivers and the move
from analogue to digital radio services — will not reduce the number of interférence situations,
but continues to decrease the probability of getting significant numbers of interference
complaints indicating an existing EMC problem. So, along with the\ growing development of
portable digital radio devices, the usefulness of traditional interference complaints statistics to
support the CISPR work will continue to diminish in importance.

4.4 CISPR recommendations for collation of statistical data on interference complaints
and classification of interference sources

Considering

a) that RFI investigation services may whish to continue publication of statistics on
interference complaints;

b) that it would be useful to be able to compare the figures for certain categories of sources;

c) that varied and ambiguous presentation of these statistics often renders this comparison
difficult,

CISPR recommends

(1) that the statistics provided to National Committees should be in such a form that the

following information-may be readily extracted:

(1.1) the number of¢ccomplaints as a percentage of the total number of sound broadcast
receivers or television broadcast receivers or other radio communication receivers in
operationiin_a certain country, or region;

(1.2) the relative aggressivity of the various sources of interference in the different frequency
bands;

(1.3) the-comparison of the interference caused by the same source in different frequency
bands;

(1.4) the effectiveness of limits (CISPR or national) and other counter-measures on items
(1.1), (1.2), and (1.3);

(1.5) the number of sources of the same type involved in a certain interference case.
Interference may be caused by a group of devices, for example, a number of fluorescent
lamps on one circuit. In such cases, the number to be entered into the statistics is
determined by the RFI investigation service.

NOTE To facilitate comparison of statistics, the method used to determine the number of sources should
be stated.

One source may cause many complaints and one complaint may be caused by more
than one source. Therefore it is clear that the number of sources and the number of
complaints against any classification code may not be related.
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For the purpose of these statistics, active generators of electrical energy and apparatus
and installations which cause interference by secondary effects (secondary modulation)
are included. See also appliances of category B in Table 1;

(1-6) Ccauses of comptaints not refated 1o a Source, as e.g. unsatisfactory radio reception due
to a lack of immunity of the radio receiving installation or a lack of coverage with wanted
radio signals, see also appliances of category K in Table 1;

(2) that statistics should cover a complete calendar year; they should whenever possible be
presented in the following form, see standard forms in Figures 1a to 1d, without
necessarily employing more detailed categories than listed in Table 1. It is however naot
intended to exclude further subdivisions; these may be desirable, but they should fit into
the scheme of the standard forms set out below; the code numbers refer to the_items
listed in Table 1.

4.5 Forms for statistics of interference complaints

1 Radio services with analogue modulation

1.1 Fixed or stationary radio reception

Source of interference Number of complaints per radio service
or other cause of complaint from each source
Classification Description Total number Broadcasting @ Other
code in each b

i Jeacht services
identification

Sound ¢ | Television ©

LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

1.1 | Fixed or stationary radio reception, analegue Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency.(medium waves);

HF = high radio frequency(short waves).

These three bands may either be grouped together, as shown, or dealt with separately.
I = Band Il (VHF(sound broadcasting);

| = Band | (MHF/television broadcasting);

I = Band(lII"(VHF/television broadcasting);

VIV Band IV/V (UHF/television broadcasting).

b The service and band affected should be stated.

c At'the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints accurately to the various broadcasting services. If this is so, then the
humber of complaints should be stated separately for sound broadcasting and television broadcasting.

IEC 1182/07

Figure 1a — Standard form for statistics on interference complaints recommended for
radio services with analogue modulation and fixed or stationary radio reception
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1 Radio services with analogue modulation

1.2 Mobile or portable radio reception

Source of interference

Number of complaints per radio service

or other cause of complaint

from each source

Classification Description Total number Broadcasting @ Other
code in each services P
identification
Sound © | Television €
LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1
etc. as indicated in Table 1
1.2 | Mobile or portable radio reception, analogue Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency (medium waves);

HF = high radio frequency (short waves).

These three bands may either be grouped together, as shown, or dealt with.Separately.

1 = Band Il (VHF/sound broadcasting);
| = Band | (VHF/television broadcasting);

Il = Band Ill (VHF/television broadcasting);

VIV

b The service and band affected should be stated.

¢ At the time of receipt of complaints of interference) i.e. before they have been investigated fully, it may not be
possible to apportion the complaints accurately-to the various broadcasting services. If this is so, then the
number of complaints should be stated separately for sound broadcasting and television broadcasting.

Band IV/V (UHF/television broadcasting).

IEC 1183/07

Figure 1b — Standard form for statistics on interference complaints recommended for
radio services with analogue modulation and mobile or portable radio reception
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2 Radio services with digital modulation
2.1 Fixed or stationary radio reception
Source of interference Number of complaints per radio service
or other cause of complaint from each source
Classification Description Total number Broadcasting @ Other
code in each services P
identification
Sound ¢ | Television ©
LF/ | 1l | " [ Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

2.1 | Fixed or stationary radio reception, digital Totals
modulation
a LF = low radio frequency (long waves);
MF = medium radio frequency (medium waves);
HF = high radio frequency (short waves).

These three bands may either be grouped together, as shown, or _d€alt with separately.

VIV

= Band Il (VHF/sound broadcasting);

= Band | (VHF/television broadcasting);

= Band lll (VHF/television broadcasting);
Band IV/V (UHF/television broadcasting)-

b The service and band affected should be stated.

c At the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints &ccurately to the various broadcasting services. If this is so, then the
number of complaints should be stated)s€parately for sound broadcasting and television broadcasting.

IEC 1184/07

Figure 1c¢ — Standard form for statistics on interference complaints recommended for
radio services with'digital modulation and fixed or stationary radio reception
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2 Radio services with digital modulation

2.2 Mobile or portable radio reception

Source of interference
or other cause of complaint

Number of complaints per radio service
from each source

Classification Description Total number Broadcasting @ Other
code in each services D
identification
Sound © Television €
LF/ | 1l | 1 | Iviv
MF/
HF
A 1 1
2 1

etc. as indicated in Table 1

2.2 | Mobile or portable radio reception, digital
modulation

Totals

a LF = low radio frequency (long waves);
MF
HF

high radio frequency (short waves).

These three bands may either be grouped together, as shown, or _d€alt with separately.

1 = Band Il (VHF/sound broadcasting);
| = Band | (VHF/television broadcasting);

Il = Band Ill (VHF/television broadcasting);
Band IV/V (UHF/television broadcasting)-

VIV

b The service and band affected should be stated.

c At the time of receipt of complaints of interference, i.e. before they have been investigated fully, it may not be
possible to apportion the complaints &ccurately to the various broadcasting services. If this is so, then the
number of complaints should be stated)s€parately for sound broadcasting and television broadcasting.

medium radio frequency (medium waves);

IEC 1185/07

Figure 1d — Standard form for statistics on interference complaints recommended for
radio services with'digital modulation and mobile or portable radio reception

Figure 4\~ Standard forms for statistics on interference complaints

For RFI investigation services which would like to issue reports on statistics of interference
complaints it is recommended to use the classification of interference sources set out in
Table 1.. Use of this classification will facilitate comparison of RFI situations observed in

differenht countries.
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Table 1 — Classification of sources of radio frequency interference

and other causes of complaint

Classification code

Description of the source

A Industrial, scientific, and medical (ISM) RF apparatus (CISPR 11)

A1 Industrial, scientific, and medical (ISM) RF apparatus (group 2) inclusive microwave
ovens and RF lighting appliances

A.2 Other industrial or similar apparatus (group 2) as e.g. arc welding equipment or
spark generating apparatus (EDM), etc.

A.3 Other industrial or similar apparatus (group 1) as e.g. generators, motors,
convertors, semiconductor controlled devices, etc.

Electric power supply, distribution and electric traction (CISPR 11, CISPR™18)

B.1 Power supply installations (AC or DC voltages exceeding 100 kV) as e.g. averhead
power lines, generating and switching stations, converting stations, etc.

B.2 Power supply installations (AC or DC voltages 1 kV to 100 kV) as.e.g7 overhead
power lines, generating and switching stations, converting stations; etc.

B.3 Low voltage (LV) power supply and distribution (AC or DC voltages up to 1 kV)

B.4 Electric traction as e.g. for railways, tramways, or trolleyybuses

C Low power appliances as normally used in households, offices
and small workshops (CISPR 14)

C.1 Motors in household appliances e.g. in electric tools, vacuum cleaners, etc.

C.2 Contact devices, thermostats, etc.

C.3 Semiconductor controlled appliances (less than 1 kW load)

D Gaseous discharge and other lamps and luminaries (CISPR 15)

Fluorescent lamps and lumindries, neon advertising signs, self-ballasted lamps, etc.

Ea Radio broadcast receiving, installations (CISPR 13, CISPR 25)

E.1 Sound broadcast recelvers for fixed or mobile use

E.2 Television broadcastreceivers for fixed or mobile use

E.3 Cable television installations (CATV)

Fa Radio communication systems (ITU Recommendations)

F.1 Radiotbroadcast or communication transmitters for fixed or mobile use

F.2 Radio’ communication receivers for fixed or mobile use

G Ignition systems of internal combustion engines (CISPR 12)

Cars, motor bikes, boats, trucks, etc. if propelled by electrical means or internal
combustion engines or both, exclusive electric traction vehicles
Information and communication technology (ICT) appliances (CISPR 22)

H.1 Wire-bound telecommunication terminal equipment (TTE) and telecommunication
equipment (TE) in the infrastructure of networks as e.g. in telecommunication
centres, wire-bound LAN, etc.

H.2 Data processing equipment (DPE) such as e.g. computers and ancillary equipment

H.3 Radiation from wire-bound telecommunication networks

I Identified sources other than those specified (IEC 61000-6-3 and IEC 61000-6-4)

K Other causes of complaint

K.1 Lack of immunity of radio receiving installations or other appliances

K.2 Lack of coverage of wanted radio service (weak or faulty wanted signals)

a

Only those complaints belong to the statistics where a radio broadcast receiving installation (E) or a component
of a radio communication system (F) was identified as causing the interference.
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5 A model for the calculation of limits

|~ | Liateea ol F
oL mrtrvvuuLilivi

A harmonized method of calculation is an important precondition for the efficient discussion of
CISPR limits by National Committees and the adoption of CISPR publications.

5.1.1 Generation of EM disturbances

CISPR publications are developed for protection of radio communications and often seyeral
types of radio networks are to be protected by a single emission limit.

Most electrotechnical equipment has the potential to interfere with radio communications.
Coupling from the source of electromagnetic disturbance to the radio cemmunications
installation may be by radiation, induction, conduction, or a combination of these
mechanisms. Control of the pollution of the radio spectrum is accomplished by limiting at the
source the levels of appropriate components of the electromagnetic disturbances (voltage,
current, field strength, etc.). The choice of the appropriate component’/is determined by the
mechanism of coupling, the effect of the disturbance on radio communications installations
and the means of measurement available.

5.1.2 Immunity from EM disturbances

Most radio receiving equipment has the potential to ‘malfunction as the result of being
subjected to EM disturbances.

Protection of equipment is accomplished by hardening the appropriate disturbance entry route
except for the antenna input port, for in-band.-disturbances. The choice is determined by the
mechanism of coupling, the effect of the~disturbance on the electronic equipment and the
means of measurement available.

5.1.3 Planning a radio service

Before planning a radio communication service, it is necessary to decide upon the reliability of
obtaining a predetermined quality of reception. This condition can be expressed in terms of
the probability of the actual signal-to-interference ratio R at the antenna input port of a
receiver being greater than the minimum permissible signal-to-interference ratio Rp needed to

get a predetermined_guality of reception a. That is:
PR(ur;or)2 Ry l=a

where

Pl ] is the probability function;

RjirioRr) is the actual signal-to-interference ratio as a function of its mean value (ug) and
standard deviation (oR);

Rp is the minimum permissible signal-to-interference ratio (protection ratio);

a is a specified value representing the reliability of communications.

This probability condition is the basis for the method of determining limits.
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5.2 Probability of interference

In order to make recommendations to protect adequately the radio communications systems
of interest to the ITU, considerable attention is paid within CISPR to the probability of

interference occurring. The following is an extract from CCIR Report 829 1).

5.2.1 Derivation of probability of interference

The Radio Regulations, Volume 1, Chapter |, Definition 1.166, defines interference as “the
effect of unwanted energy due to one or a combination of emissions, radiations, or inductions
upon reception in a radio communication system, manifested by any performance
degradation, misinterpretation, or loss of information which could be extracted in the absence
of such unwanted energy”.

5.2.1.1 Probability of instantaneous interference
Let

denote "The desired transmitter is transmitting";
denote "The wanted signal is satisfactorily received in the absen¢e of unwanted energy";
denote "Another equipment is producing unwanted energy";

o0 w >

denote "The wanted signal is satisfactorily received in \the presence of the unwanted
energy".

All of these statements refer to the same small-time period. Then, according to the definitions,
interference means "A and B and C and D*", where\D* is the negation or opposite of D: Let
P(x) denote the "probability of x" and P(x|y) denote’ the "probability of x, given y". Then, the
probability of interference during the small-time period is

P(l) = P(A and B and C and D*) (1)
It can be shown that this can be expre&ssed in terms of known or computable quantities:
P(1), ={P(B|A) - P(D|A and C)] P(A and C) 2)

It may be preferable to ¢onsider the probability of interference only during the time that the
wanted transmitter is transmitting. This probability is:

P'(l) = P(B and C and D*| A) (3)
which can be-reduced to:
P'(l) =[P(B|A) - P(D| A and C)] P(C|A) (4)

5:2.1.2 Discussion of Equations (2) and (4)

First, consider the difference between Equations (2) and (4). The probability of interference
can be interpreted as the fraction of time that interference exists. In Equation (2), this fraction
is the number of seconds of interference during a time period divided by the number of
seconds the wanted transmitter is transmitting during the time period. This second fraction is

ae Nan a¥al nla ha nted aldaa' ) on ha aala PR A ha

probability that a wanted signal will
expressed as the probability that S/N > R where S is the signal power, N is the noise power,
and R is the signal-to-noise ratio required for satisfactory service. In some services, this
probability is called the reliability, and is often computed when the system is designed. It can

1) The former CCIR Reports 656, 670, and 829 are no longer available.
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be computed if system parameters (for example, transmitter and receiver location, power,
required S/N) are known using statistical data on transmission loss (for example,
Recommendation 370 2)) and statistical data on radio noise (for example, ITU-R Rec. P.372-6

and Ranart 670 3)\
pofrt6fo—+)-

aTrTaTIC

Many systems, such as satellite or microwave relay point-to-point systems, are designed so
that P(B|A) ~ 1. In other services, such as long-distance ionospheric point-to-point services,
or mobile services near the edge of the coverage area, P(B|A) may be quite small. In this
latter case, the probability of interference will not be small regardless of the other
probabilities.

P(D |A and C) is the probability that the wanted signal will be correctly received evenwhen
the unwanted energy is present. It can be computed if there is sufficient informatiomabout the
location, frequency, power, etc. of the source of unwanted energy. For examplés, see the
references in Report 656 3).

Notice that it has been assumed that P(D|A and C) < P(B!A); that is, ifithe signal can be
received satisfactorily in the presence of unwanted energy, then it can* surely be received
satisfactorily in the absence of the unwanted energy. Thus P(l) cannot'be negative.

P(A and C) is the probability that the wanted transmitter and the- Source of unwanted energy
are on simultaneously. In some situations, the wanted transmitter and source of unwanted
energy may be operated independently. For example, theyvmay be on adjacent channels, or
beyond a coordination distance. In this case, P(A andCC) = P(A)P(C), where P(A) is the
fraction of time that the wanted transmitter is emitting; and P(C) is the fraction of time that the
unwanted source is on.

In other situations, the operation may be highly<dependent. For example, the transmitters may
be co-channel stations in a disciplined mobile’service. In this case P(A and C) is very small,
but perhaps not zero, because a station. ¢an be located so that it causes interference even
when it cannot hear the other transmittet.

The two transmitters might both<gpérate continuously. For example, one might be part of a
microwave point-to-point service; and the other a satellite sharing the same frequency band.
In this case, P(A and C) = 1,"and the probability of interference depends entirely on the factor
in square brackets in Equation (2).

Similarly, P(C | A) =-R(C) if the transmitters operate independently. P(C | A) is very small if the
two transmitters are‘co-channel stations in a disciplined land mobile service; and P(C!A) =1
if the unwanted‘transmitter is on all the time.

In general,hall the terms in Equations (2) and (4) affect the probability of interference,
although their relative importance is different in different services.

5:3-Circumstances of interferences

In this part, general criteria are laid down for establishing disturbance limits for the purpose of
preventing radio frequency interference (RFI) to happen. In this case, a distinction is made for
areas where close coupling exists between noise sources and victim equipment, and for areas
with remote coupling.

2) ITU-R Rec. P.370-7, VHF and UHF propagation curves for the frequency range from 30 to 1000 MHz.
Broadcasting Services was withdrawn in 2001.

3) The former CCIR Reports 656, 670, and 829 are no longer available.
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5.3.1 Close coupling and remote coupling

Although an ill-defined borderline exists between areas of close and remote coupling these
concepts are generally used in the following terms.

Close coupling refers to a short distance between noise source and receiving antenna (for
example, 3 m to 30 m) which is the case for residential sources interfering with broadcasting
and land mobile receivers in residential areas. In general, frequencies up to 300 MHz are
considered.

Remote coupling refers to longer distances, usually in the range of 30 m to 300 m, whichlare
normal between professional or semi-professional sources and receivers as in the case of
individual areas. The relevant frequency spectrum is much broader: 9 kHz to 18 GHz.

For the statements given above, it follows that some similarity exists betweencclose coupling
and near-field radiation conditions on the one hand and between remote coupling and far-field
radiating conditions on the other hand. However, these concepts do not fully correspond since
at frequencies below 1 MHz remote coupling may occur under near-field-conditions whereas
for frequencies above about 30 MHz close coupling may occur under, far-field conditions. In
the majority of practical situations, however, the good correspondefnce between close/remote
coupling and near/far-field conditions is useful in evaluation of coupling aspects.

It should be noted that field-strength measurements, which_are normally used for evaluating
remote coupling characteristics, are actually carried out.Under near-field conditions in the
lower end of the frequency range.

Whereas close and remote coupling are generally ‘'used to describe a direct coupling path
between noise source and receiving antenna)by means of electric, magnetic or radiation
fields, an additional coupling mode is condtetion coupling. In this case, the noise signal is
conducted by the mains network from the mains output of the source to the mains input of the
receiver, see also Figure 3, paths a1 and a2. Inside the receiver the noise signal is coupled
from the mains port(s) to sensitive circuits of the receiver, as e.g. to its antenna port, or to its
IF amplifier circuitry. This must ¥e"*taken into account when determining the receiver's
immunity requirements to injecteddn-band RF disturbances at its mains port.

Some well-known differences ‘exist between near-field and far-field radiation characteristics,
and therefore also for mast'close and remote coupling cases.

— Under far-field conditions with free-space propagation the relation between electric and
magnetic companents of the field is fixed and well defined, the relation under near-field
conditions israther undefined, if the source and coupling path characteristics are not
known.

— Underfar-field conditions the attenuation formula is

X X
a= i k d_2 , or a= ﬂ k d_2 (5)
E, |dj H, | dj

NOTE The attenuation factor a describes the relation of the field strength E; (or H,) found at distance d; to the
field strength E, (or H,) found at distance d,. Factor k may e.g. be interpreted as an additional attenuation factor
introduced by a wall allocated between the measurement locations at distances dy and d..

where
a = attenuation factor;
E,, Hy = absolute value of the field strength observed at a location still in the far field, but

close to the source;
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E,, H, = absolute value of the field strength observed at a location in a more remote
distance d, than d,, from the source;

k = correction factor (in the range 1 to 10) counting e.qg. for the screening effectiveness

of buildings the noise source is allocated in, or for other absorbing obstacles
allocated in between the considered locations at the distances d; and ds;

d4 = small distance in the far field range, but close to the location of the source;
do = measurement distance more remote from the source;
X = propagation coefficient, which is 1 in free-space propagation and somewhat highet

(1 to 1,5) for non-free-space propagation.

Under near-field conditions the propagation coefficient x is more complex and dependent on
the magnetic or electric component with typical values between 2 and 3.

For this reason, it is much easier to develop a model for remote coupling conditions than for
close coupling situations and for conduction coupling paths. Such a model is necessary to
derive emission limits for a general interference environment.

5.3.2 Measuring methods

The measuring method is of major importance for specification of a radio frequency
disturbance limit. Several measuring methods are applied @nd a short survey is given in the
following paragraphs. In all measurements, the measuring instrument is a selective
microvoltmeter (CISPR receiver) as specified for the relevant frequency range.

5.3.2.1 Disturbance voltage/current at mains_ports

In the lower frequency range up to aboutt30 MHz, the mains network may conduct any
injected RF energy to nearby users connected to the mains and/or couple part of the RF
energy to nearby antennas in the electric, magnetic or radiation mode. Electric or magnetic
field coupling to nearby antennas in this-frequency range, however, is in most cases of minor
importance compared with conduction*coupling through the mains network. Because of the RF
output voltage conduction mainly\coupling through the mains network, the RF output voltage
at the mains port is used as ameasure for the interfering potential of almost any type of
source in this frequency range” This permissible RF output disturbance voltage at the mains
port of the source determines the minimum immunity requirements of the victim receiver
against injected in-band, RF disturbances at the receiver's mains port.

This disturbance voltage at mains ports is measured by means of an artificial mains network
which isolates the/source from the mains at RF frequency and which furnishes a standardized
RF load to the source. For measurement of conducted disturbances, the artificial mains
network generally recommended by CISPR is a 50 /50 uH V-network which introduces a
parallel .impedance of 50 Q/50 uH between each live or neutral wire of the mains port and
reference ground.

Although not recommended by CISPR yet, the asymmetric current in the mains cable,
measured by means of a current probe, might be used as a measure for the radiation
capability of the source as already specified for telecommunication lines.

Current probe measurements of the asymmetric disturbance current in the mains cable
require the mains port to be terminated with a suitable artificial mains network. This network

should simulate the typical common mode impedance and RF unbalance (e.g. given as
longitudinal conversion loss (LCL)) of the mains network and should decouple incoming
common mode disturbances from the mains network side.
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5.3.2.2 Disturbance voltage at signal ports

Imperfections of the symmetry in circuits carrying wanted symmetrical signals will produce
unwanted asymmetric signals at the related ports and cables connected thereto. In

asymmetric (coaxial) ports unwanted external currents can be conducted in the outer surface
of the screen because of imperfect screening. These asymmetric signals and external screen
currents may couple energy by inductive or radiation fields to nearby or remote antennas.

The asymmetric voltages can be measured by means of an artificial loading network. In this
case the use of an asymmetric artificial network (AAN) instead of a V-network is preferred.

5.3.2.3 Disturbance power measurements with the absorbing clamp

The asymmetric RF current in a lead or on the outer surface of the screen of a screened cable
will radiate energy to nearby or remote antennas depending on frequency;\length and
configuration of the connected cable. This is particularly important at VHF and UHF in which
frequency ranges the external lead of the appliance has a length which is in-the order of a half
wavelength or longer.

The absorbing clamp is a device which gives measuring results in\a good correspondence
with the disturbance power that can be radiated from the external-dead of the appliance.

Under this condition the disturbance power conducted through the mains lead and measured
by the absorbing clamp is a good measure for the disturbance potential. If the dimensions of
the source are not small compared with wavelength, a larger part of the disturbance's energy
will be radiated directly and the absorbing clamp medasurement is less reliable.

Because broadband disturbance is, in generall of less importance at frequencies above
300 MHz the absorbing clamp is recommended for the measurement of small appliances in
the frequency range 30 MHz to 300 MHz.

5.3.2.4 Field-strength measurement

The field strength caused by disfurbance sources is likely to be the most straightforward
criterion for the interference<potential of such a source, because it is more directly
comparable with the wanted field strength at the antenna of a radio receiver particularly for
remote coupling analysis:

A source radiates RF energy from its case or cabinet if a coupling path exists between
internal noise source and external case or cabinet and if the dimensions of the case or
cabinet are of the’ order of one wavelength. For practical reasons the electric component of
the field is measured in the frequency range above 30 MHz (by means of dipole antennas)
and the magnetic component of the field below 30 MHz (by means of loop antennas).

Field=strength measurements have a number of practical drawbacks. The influence of
surrounding reflections should be eliminated which is usually met by using an open area test
site (OATS). Such a test site introduces inaccuracies by variable reflections from the operator
and from the ground (influence of moisture and season) and by interference from ambient
transmitter fields. It also increases the work time due to poor weather and other climatic
conditions. These drawbacks can be partly eliminated by use of anechoic rooms in the
frequency range above 30 MHz.

Another drawback of field-strength measurements Is the complex EUT radiation pattern which
also depends on the test set-up. It therefore requires measurements in various directions and
an accurately specified test set-up.
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5.3.2.5 Radiation substitution measurements

In order to reduce the effect of surrounding reflections in field-strength measurements, the
source under test is replaced by a radiator of specified characteristics and an adjustable

output level (usually a dipole connected to a calibrated RF generator) to produce the same
field strength under equal environmental conditions. The RFI of the appliance is expressed as
the equivalent power radiated from the substitution radiator. This method is often used at
frequencies above 1 GHz.

5.3.2.6 Disturbance power measurements with a reverberating chamber

The reverberating chamber method in essence is a radiation substitution method inside” a
screened cage and can be used in the frequency range above 300 MHz. By using retating
reflection plates (mode stirrers), the standing wave patterns inside the cage are cohtinuously
varied in such a way that the time averaged field strength is nearly independent of the
position inside the cage. Therefore, the source under test and the substitution ;source need
not be at exactly the same position and the calibration procedure for the radiated power is
much simpler than in the normal substitution method.

5.3.2.7 Frequency considerations with respect to measuring methods

As indicated earlier, radiation of a device and its connected cables, and particularly of the
mains cables, depend on the size of the device and of the cables compared with wavelength
(frequency). The following table gives a general survey’ of the usefulness of various
measuring methods with respect to the frequency bands (subdivided according to CISPR
Recommendations). It should be noted that the frequency ranges are only for indication and
the quoted valuation given for guidance.

Table 2 — Guidance survey/of-RFI measuring methods

Frequency Mains & Asymmetrical | Absorbing Field Substitution Reverberation
MHz signal port current clamp strength radiation chamber
voltage
0,009 to 0,15 + + - 0 - -
0,15 to 30 + + - 0 - -
30 to 300 - 0 + + 0 -
300 to 1 000 - 0 0 + + 0
Above 1 000 - - - + + 0
Where

+ = to be recommended;
0 = usable;

— = not normally usable.

5.3.3) Disturbance signal waveforms and associated spectra

An important aspect is the RF spectrum which is associated with the signal waveform. As
most radio services use relatively narrow frequency channels, the spectrum (frequency
domain) is considered of major importance compared with the waveform (time domain).
Therefore the following distinction is made.

Ik‘llalluvvbdllt_.lI IddiU flcqucllby ;IItUIfUIUIIL’U (RFI) foﬂbtb uLLul VVhUII thG dibtulbdllbc Diglld:
occupies a bandwidth smaller than the radio channel of interest or the measuring receiver.
The disturbance spectrum may consist of a single frequency produced by a sinewave
oscillator of medium or high RF power (i.e. by RF ISM equipment) or of low power (i.e. by
electronic circuits, receiver oscillators). The oscillator could be modulated by the mains
frequency. Oscillator frequencies can be generated over the entire usable frequency
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spectrum. The effect of narrowband disturbance is considered by CISPR over the frequency
range 9 kHz to 18 GHz.

— Narrowband RFI from a disturbance with a rather broadband spectrum of discrete

frequencies — Pulse waveforms derived from a digital clock oscillator contain discrete
harmonic frequencies in a wide frequency range (broadband spectrum). For fundamental
(clock) frequencies appreciably higher than the bandwidth of the radio channel, not more
than one separate spectral line can coincide with the radio channel and such a spectral
line is considered as narrowband RFI. Clock oscillators of computers are often dithered
(i.e. are using frequency modulation on the clock).

— Continuous broadband RFI — Gaussian noise generated by gas discharge devices
(lighting) produces continuously a flat spectrum during the operation of the device.
Repetitive pulses produce a wide spectrum containing various discrete spectral lines. At
repetition rates much lower than the radio channel bandwidth many spectral,lines occur
within the channel (broadband RFI), originating for example, from pulses derived from the
mains frequency (commutator motors, semiconductor-controlled voltage regulators).

The spectrum amplitude of repetitive pulses decreases above the transition frequency (the
reciprocal of the pulse width) at 20 dB or 40 dB per decade, dependent on the pulse
shape. Continuous broadband interference (as e.g. from spark ignjtion noise, arc welding
equipment, etc.) is considered by CISPR over the frequency range 150 kHz to 1 GHz or
higher.

Broadband RFI may also be caused by disturbances ot’ wanted signals from RF ISM
equipment, as e.g. microwave ovens. There are twopmain types of microwave ovens
depending on the power supply, those with a transformer and those with a switched mode
power supply.

— Discontinuous broadband RFI — Switching operations by means of a hard contact (spark)
generates short bursts of noise. Short-duration bursts of disturbances may cause less
severe interference effects than long-duration*bursts depending, however, on the average
repetition rate of the bursts.

For this reason CISPR allows a telaxation with respect to the limit of continuous
disturbances for short bursts with a’duration of less than 200 ms and with a repetition
rate N of less than 30 clicks per<minute. This relaxation factor equals 20 log 30/N. The
frequency spectrum of suchdglicks is not essentially different from that of continuous
broadband interference.

5.3.4 Characteristics of interfered radio services

The characteristics ofiradio services with respect to RFIl are very important as well. In
residential areas, radio services which can suffer from RFI are e.g. radio broadcasting,
amateur radio, and-(land) mobile radio communication. AM sound broadcasting operates at
frequencies below 30 MHz and FM (stereo) sound broadcasting between 64 MHz and
108 MHz. TV broadcasting uses various channels in the range between 50 MHz and 900 MHz,
the picture\signal being modulated in AM-VSB and the sound signal in either AM or FM
depending-on the TV standard in use. Broadcasting also takes place in the bands between
11 GHz and 13 GHz. Amateur radio frequency bands are widely spread over the whole RF
range“and are allocated in the short wave up to the micro wave frequency bands.

Analogue sound and TV broadcasting are going to be replaced by broadcasting with digital
modulation, like Digital Radio Mondiale (DRM) which is intended to replace the AM radio in
the medium frequency (MF) and high frequency (HF) bands, Digital Audio Broadcasting (DAB
or T-DAB) operated in the VHF and UHF bands, and Digital Video Broadcasting Terrestrial
(DVB- T) operated in the UHF bands. These digital radio services require Iower RF protectlon
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modulation (where RF protection ratios of about 27 dB for AM, about 48 dB for FM and about
58 dB for TV are required). On the other hand, the transition between the interference level
defined by the minimum wanted field strength minus the protection ratio and the disturbance
which causes unacceptable interference is narrower than for analogue modulation.
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In residential areas with private receiving antennas propagation of disturbances by radiation
from noise sources and from mains cables is of major importance. Broadcast signals
distributed through a cable (CATV) system are less vulnerable because of the more suitable
location which can be selected for the commaon receiving antenna (i.e for the head station)

but if in such cases disturbances are coupled to such an antenna interference may be
experienced by all subscribers connected to such a system.

Satellite broadcast signals in the 12 GHz range are generally not disturbed by broadband
sources because of the limited frequency spectrum of broadband sources. The risk mainly
depends upon the frequencies chosen for the first intermediate frequency band at the
receiver.

The annoyance to the broadcast signal depends on the disturbance signal waveform.
Narrowband and broadband sources produce different types of annoyance. Subjective tests
have shown that for equivalent subjective assessment, narrowband disturbance\should be of
significantly lower amplitude than broadband disturbance (quasi-peak measured) in the
0,15 MHz to 30 MHz range. Assessment of disturbance to digital radio sefvices is based on
the bit-error probability (BEP). Tests have shown that the weighting of impulsive disturbance
for its effect on digital radio communication services is generally different from the effect on
radio communication services that use analogue modulation.

The influence of the repetition rate of rapid pulses in a broadcast channel is accounted for in
the quasi-peak detector characteristic, the effect of low rate pulses (clicks) by the 20 log 30/N
relaxation to the limit. In mobile communication (in older systems mainly narrowband FM, now
replaced by digital mobile communication systems such as TDMA (e.g. GSM, PDC) and
CDMA (e.g. cdmaONE, WCDMA, cdma2000 ete.), traffic noise sources (i.e. ignition
interference) are the major source of RFI. In this'tespect the base station antenna is in a
more favourable position with respect to RFI signals than the mobile antenna because of its
higher location. Mobile antennas on the othep-hand change their position continuously and are
therefore less vulnerable to stationary noise\sources. For the calculation of emission limits in
the frequency range above 1 GHz a detector with a weighting function appropriate for digitally
modulated radio services may be considéred.

Broadcasting and mobile services/may be interfered by narrowband sources as well (RF ISM
equipment, data processing equipment, receiver oscillators, etc.). The wanted radiated RF
power from RF ISM equipment'may be several orders higher than the level from broadband
sources although the distances between those sources (industrial areas) and the victim
receivers are normally |onger. The disturbing energy, however, is mainly concentrated in a
very narrow frequencyiband. For this reason a number of frequency bands is reserved for
typical ISM applications.

In addition tolbroadcasting and mobile radio services, many different professional radio
services _such as fixed, aeronautical navigation, aeronautical mobile, maritime mobile,
radiolocation, standard frequency and time, meteorological aids and radio astronomy services
are in, use. Other professional radio services (navigation, fixed services, satellite and
micrewave communication) are, in general, less vulnerable to radio interference because of
the-use of higher frequencies (greater than 1 000 MHz in which broadband interference is
negligible), more favourable antenna locations, sophisticated systems (modulation, coding,
antenna directivity) and technology (screening, filtering).

5.3.5 Operational aspects

Noise sources in residential areas mainly consist of mass-produced devices for domestic and

sometimes for professional use. Such appliances are tested according to statistical
procedures which implies that a restricted percentage of p per cent fulfils the limit with a
limited confidence q per cent. Small batches reduce the figures p and g and CISPR
recommends a value for both p and g of 80 per cent (80% - 80% rule). The rule is in general
adequate to protect non-vital radio services like broadcast and most land mobile
communication.
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For critical or safety related radio services, however, a much higher degree of confidence is
necessary. The actual annoyance in an interfered radio service does not only depend on the
RFI field strength, but on the wanted signal level as well. The ratio of wanted-to-unwanted
input level which procures a pre-defined and just still permissible minimum quality of

performance of the receiver is called RF protection ratio Rp. This way, the wanted signal level

needed to get at least the pre-defined minimum quality of performance depends on the natural
and man-made noise level and which, in certain environments, may be much higher than the
receiver's intrinsic noise level, particularly in the lower part of the radio frequency range.

In establishing limits for various types of noise sources it is important to strive for limits which
have an equal effect on the radio services to be protected. The users of such a service are
not interested in the type of source which causes RFI. Therefore disturbances from all_types
of sources should be suppressed as much as possible to an equal level of noise output.

5.3.6 Criteria for the determination of limits
5.3.6.1 Remote coupling

For remote coupling situations the field strength at a specified distance\from the noise source
is used as a characteristic for the interference potential of the sourCe. The following model
(see Figure 2) was developed to derive radiation limits for the ease of in-band interference
(i.e. interference appearing in the tuned channel of the victim |receiver) caused by RF ISM
equipment. For the relevant radio services in the allocated frequency bands the RF protection
ratio is determined. In ITU documents, this protection ratio is given for disturbing radio
services with the same modulation. The protection ratio) for any other type of disturbance
radiation, as e.g. for typical electromagnetic disturbances from other electrical or electronic
apparatus, may be different.
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Legend:
€jr = ew /rp
ey = permissible interference field strength at the position of the antenna of the victim receiver R
ey = wanted signal field strength to be protected at distance rat the position of the antenna of the victim
receiver R (derived from ITU specifications)
fh = protection ratio, i.e. minimum signal-to-interference ratio needed at the position of the antenna of the
victim receiver to guarantee a certain quality of radio reception (derived from ITU specifications)
€ = eir AN, Ib P (f'/d)x
€ = regulated disturbance field strength (CISPR limit) for sources of disturbance, i.e. other electric and
electronic equipment and apparatus] at measuring distance d, i.e. at the position of the antenna of the
measuring receiver M
m;, = factor for polarization match_between polarisation of e;, and polarisation of the antenna of the victim
receiver
I = screening factor of buildings or other obstacles
P = complex statistical probability factor, for considerations in this sub-clause defined to be 1, generally
elaborated in 5.2,~and in detail in 5.4. Further on in this report, separate components of this complex
probability factorp’may be denoted more generally as "influence factors".
X = wave propagation coefficient

NOTE The eguations above are only valid for absolute physical quantities.

Figure 2 — Model for remote coupling situation derived
disturbance field strength e;, at receiving distance r

Expressed in logarithmic quantities, the permissible interference field strength E;, at the
antenna input of the victim receiver is the minimum (or nominal) wanted field strength E,,
minus the protection ratio Rp:

Eir = E\AI —_ Rn

A minimum operational distance r between noise source and receiving antenna is specified
and with the use of an estimated or empirical wave propagation factor x, the acceptable
disturbance field strength E; at a specified measuring distance d is calculated:

E, = E, - Ry + x-20 Ig(r/d)
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Next some additional factors, as e.g. the screening factor of buildings or other obstacles L,

and the factor for polarization match M, should be introduced. Furthermore, a statistical

factor P on the probability of actual interference under operational conditions should be used
: : et N : fratd = i ‘ i

practice:
E,=E, - Rp + M + Ly + P+ x-20 Ig(r/d)

Such a probability factor P should take into account statistics of antenna directivity (in the
direction of the wanted transmitter and of the interference source), distance variations,
propagation variations, time coincidence, etc. (see also 5.4).

Adding the screening factor of buildings or other obstacles L, the factor fot“polarization

match M,., and the decoupling attenuation via distance L, = x-20 Ig (r/d) into,on€ new term L

and setting the statistical probability factor P to 1, we eventually get:
Ei=E,-Rp*tL

where L actually represents all relaxations in the limits agreeable by CISPR in terms of EMC
due to additional decoupling from the victim receiver for disturbances from electric and/or
electronic equipment relative to the maximum permissible interference field strength E;. at the

antenna input of a victim receiver R, calculable from thexradio parameters specified by ITU.

Accomplishing the above calculation by considerations to probability of interference, the final
result of this procedure will be a calculated limitiwhich is a good basis for an operational limit
guaranteeing that the requirements of the protection ratio Rp are met on a statistical basis

(x % of the actual cases). It should be noted that reliable statistical values for most of the
parameters mentioned above are still nét available to CISPR, and that in those cases rough
estimations can be used only.

Moreover the interfering effect of{signals in the out-of-band domain is more complex because
of the selectivity and non-linearity characteristics of the receiver which can differ from case to
case.

5.3.6.2 Close coupling

A simple model for close coupling situations is given in Figure 3. The noise source is
considered as an(RF generator with an e.m.f. Ug and an internal impedance Zg for each mains
connector/earth- combination (for simplicity only one mains connector is shown). The mains
network ish\connected between the noise source and the interfered receiver. The mains
network offers a RF impedance Z, to the source and transfers the energy from the noise

sourceto the mains input port of the receiver.

In-addition, part of the conducted RF energy is propagated as a magnetic and electric field.
For the close coupling situations generally, near-field conditions exist (ratio electric/magnetic
component undefined).

Two coupling paths exist between noise source and receiving antenna:

a) ihe path of disturbance conducted along the mains Network, the mains supply circuit ol the
receiver and common ground of the receiver's electronic circuitry to the grounding point of
the receivers RF input stage, and then via its antenna port input impedance to the antenna
itself (path a1), together with the coupling between the mains supply circuit and other
RF circuits inside the receiver (path a2). Paths a1 and a2 take effect only in case of mains
powered receivers;
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b) the path of disturbance conducted along and radiated by the mains network and coupled
directly to the external or built-in antenna of the receiver. Path b exists for both, AC mains
and battery powered receivers.

\4

Path b

Zs

" vy . —
Path a

Mains network

Noise source

e

IEC 1187/07

Figure 3 — Model for close coupling situations

In the case of external antennas, the RF power coupled throughlexternal path b) exceeds the
power via path a1 and a2 appreciably. Moreover the internal coupling via a2 is determined by
the mains immunity characteristics of the receiver, i.e. by, the screening effectiveness of the
internal IF and AF circuitry of the receiver, and it has\been shown that it is not difficult to
control the mains immunity factor of a receiver to anJadequate level. This is however not the
case for path a1 since the coupling always happens at the antenna port via the RF input
impedance of the receiver's RF input stage. Therefore the attention is mainly focused on
path b and path a1). Due to so far lacking investigation, for internal ferrite antennas no clear
distinction can be made between paths a)\and b). For build-in rod-antennas (used in the
frequency range 1,7 to 30 MHz) clear distinction can be made between path a1 and path b.
For calculation of CISPR limits in, frequency bands up to 30 MHz used for AM radio
broadcasting, it should be taken intolaccount that ITU-R Rec. BS.703 specifies a receiver with
built-in antennas (ferrite or telescopic rod antennas, depending on frequency range) as the
reference receiver.

The modelling starts the.same way as in the case of remote coupling. The acceptable
disturbance field strengthvat the receiving antenna is calculated from the RF protection ratio
and field strength to;be protected in the relevant frequency bands. In the next step the
coupling factor is measured from mains input (RF-voltage) to field strength at the antenna. It
is, however, mareyusual to define a transfer factor as the ratio of the RF-voltage injected into
the mains and the antenna output voltage (for a specified antenna). This factor is known as
the mains .decoupling factor. Because of the wide spread in actual situations, extensive
statistical( niaterial is needed to found a basis for disturbance limits derived from mains
decoupling factors. CISPR Report No. 31 (“Values of mains decoupling factor in the range
0,1 MHz to 200 MHz", see Annex A) shows median values, standard deviations and minimum
values of the mains decoupling factor. The effect of coupling path a) is described in 5.5.2.1,
whereas the effect of coupling path b) for mains and telecommunication line coupling is
described in 5.5.2.2.

Another statistical aspect in the calculation of limits in this concept is the variation of the RF-
impedance at the mains input. Although individual decoupling factors are determined by the
measured voltage, independent of the actual mains impedance, the interference limit shall be

defined for a fixed simulated impedance (artificial mains network impedance), in order to get
reproducible measuring results during CISPR disturbance measurements at standardized test
sites. In practice, the RF-load impedance of the mains network varies from location to location
and from time to time. This aspect should be considered in deriving a limit from mains
decoupling measuring data.
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In general, close coupling of an appliance connected to the mains can sufficiently be
evaluated by measurement of the disturbance voltage at its mains port. For a given mains
network, only one unique set of limits for conducted emissions at the mains port of connected
appliances should be used As a consequence, the stricter limit should apply, if for the mains

port two different limits result from the limit calculation for paths a) and b), respectively.

5.3.6.3 General

The derivation of limits from a hypothetical model requires the introduction of various
experimental data in such a model. As these data, as pointed out earlier, are based on
statistical measurements under different actual circumstances, the usefulness of such data for
general application is often debatable.

On the other hand, the implementation of suppression measures should be considered on
physical, operational, manufacturing and not in the least on economic aspects,.Therefore the
model should be used as a worthwhile starting point but the final limit value is-often the result
of an agreement between parties involved after extensive considerations and\negotiations.

5.4 A mathematical basis for the calculation of CISPR limits

This subclause contains the basic mathematical model that can\be used for calculation of
CISPR limits. The start-up point is the supposition that ther¢|is an identifiable probability
inequality to be satisfied, and the assumption that the parameters obey a log-normal
distribution.

5.4.1 Generation of EM disturbances (source of disturbance)

From the mathematical point of view any limit_Umust be calculated with the provision that
the inequality

Z=xly>1 (6)
is satisfied with some probability ¢

If in Equation (6) x and y are independent random values of quantities (e.g. of disturbance
signals, immunity, etc., which influence the radio reception quality) with log-normal
distribution, then 101g (x)\= X (dB) and 10lg (y) = Y (dB) will have normal distribution with
parameters u, (dB), ) (dB), o, (dB) and oy (dB). Hence X — Y = Z (dB) will have a normal

distribution with the \parameters

1/2
Hy = Hy = Hy and o, = [0',2( +a§]
In this,case
P(ﬁmj:P(ZZO):P[Z_”Z z‘“z}P[Z_”Z s“—z}/:(”—zj (7)
y oz 0z oz oz oz

where F denotes the normal N(0,1) distribution function (see [1]4).

The reliability of obtaining a pre-set level a for the quality of a radio service is expressed by:

a:p(£21j, therefore: 2 F(a)=t, (7a)

y 0z

4) Figures in square brackets refer to the Bibliography.
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where t, is the a-quantile of the centralized normal distribution (see [1], page 180).

Solving Equation (7a) relative to u, or My, We get:

Hy = py * t, 0, (8)
/uy = Uy~ tqo-z (9)

The CISPR limit L is determined for some quantile l‘B in distribution of probabilities of the

value x or y for which limits are established, in such a way that the following equalities\are
true:

B=P(X=Ly) i.e. Ly = tty = tg0, (10)
B=P(Y<Ly) i.e. Ly = u, + tgo, (11)

where fg is the pJ-quantile of the centralized normal distribytion' (see [2], page 84
example 2.17).

Substituting Equation (8) into Equation (10) and Equation (9) intdo Equation (11)

L, = py + t 0, — tgay (12)
Ly = puy—t o, ¥ tBO'y (13)

one is enabled to calculate limits for different:parameters, which ascertain the radio reception
quality.

5.4.2 Immunity from EM disturbances (victim receiver)
Inequality (6) has the form:

xly > 1
where

x is a parameter of\receptor immunity;

y is a parametéer of electromagnetic environment in respect to which the immunity limit is
established-

If the valug's X (dB) and Y (dB) are satisfactorily approximated by normal distributions with
parameters u,, oy, py, oy then

o (14)
In this case, according to Equation (12), the equation for the calculation of receptor immunity

limits has the following form:

1/2
L, = Hy * t, [0')2( +0';] - tBO'X (15)

5.5 Application of the mathematical basis

5.5.1 Radiation coupling

NOTE This describes the effect of remote coupling as in 5.3.6.1.
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This subclause adapts the basic model for the case where it is wished to protect a radio
service when there is radiation coupling from the source of EM disturbance to the antenna of
the radio receiver. The actual signal-to-disturbance ratio R can be expressed in terms of the
wanted signal, the disturhing signal, the propagation losses and the antenna gain, as follows:

R = E\(uyiow) + Gy(tgw:oGw)

= [Ei(150) + Gi(ugisoai) — LoltLo:010) — Lol piorp) + Mi(sm;om)]  dB (16)
where
E, is the actual field strength of the wanted signal at the position of the radio receiver's
antenna as a function of its mean value (x,,) and the standard deviation (g,,);
E; is the field strength of the disturbance signal at the measurement distange, ¢ on a test

site as a function of its mean value () and standard deviation (g;);

G,, is the actual value of the radio receiver’s antenna gain for the wanted signal as a
function of its mean value (xg,,) and standard deviation (og,,);

G; is the actual value of the radio receiver’s antenna gain for the disturbance signal as a
function of its mean value (ug;) and standard deviation (og});
L is the actual value of the factor which takes account of the attenuation of the

disturbance field strength on its propagation path to/the position of the radio receiver's
antenna when it is propagated through free space\without obstacles as a function of its
mean value (4 ,) and standard deviation (oj )0 relation to the measurement distance d

on the test site:
L, = x201g(r/d),

L, is the actual value of the facter. which takes account of the attenuation of the

disturbance field strength caused by obstacles in its propagation path as a function of
its mean value (y,,) and standard deviation (oy ) relative to the value for free-space

propagation.

is the actual value of the factor for polarization match between the disturbance field
strength E;, and the(receiving antenna of the victim receiver as a function of its mean
value (y,) and.standard deviation (o). The absolute value m; equals 1, when the
receiving antenna polarization matches the polarization of E;; and becomes less than 1
in all other_cases. Since M, and the related mean value u, are used in logarithmic
terms their quantities are equal to or smaller than 0 dB and thus always have a negative
sign-

If, as assumed, all variables on the right-hand side of Equation (16) obey a normal distribution
law;~then the distribution factors are related as follows:

MR =ty How — 4i— Hai t Mot Hp — Hm dB (17)

2 2 2 2 2 2 2 2
OR =0w +0g, +0 05 t0[,+0, +om (dB)2 (18)

With a normal distribution law the reliability of obtaining the pre-set quality of service can be

expressed by the following function of the normal probability distribution:
P(R>Ry) = F[-(Ry, —uR) ! orl = a (19)

therefore: UR = Rp +t, 0R (20)
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where t, = F1 (a)

By combining Equations (17), (18) and (20) an expression is obtained for the permissible

mean value (y;) of the disturbance field strength at a pre-set distance from the source of
disturbance:
Hi =ty ¥ dgw — Hgi t Mot Hip — Hm — Rp

2 2 2 2 2 2 2
_ta[UW+JGW+O-i +6Gi+0'|_0+0|_b+6m]1/2 (21)

The mean value of the disturbance shall be below the limit, and may be specified as follows:
B=PE<Eimy) e ELimit = 4 * o (22)

where

E imit is the limit for the disturbance measured on a test site at a specified distance; and

tg is the B-quantile of the centralized distribution functiofit,which corresponds to a

probability level of compliance with the limits.

The free space attenuation factor (4 ,) can be evaluated from

o = X-20 Ig{rid) (23)

where

r is an average distance between the disturbance source and the receiving antenna;
d is the pre-set or specified measurement distance on the test site;
x is the exponent which determines the actual free-space attenuation rate.

Combining Equations (21), (22):and (23) the limit is given by:

ELimit =Wt How — Hgi T X220 1g(rld) + 1, — ptm — Ry + 130

—t, [02 + 08y + 07 +0& + 0ty + 01 + 021112 (24)
CISPR Recommendation 46/1 (see CISPR 16-4-3) specifies that 80 % of series-produced
equipment should meet the disturbance limit, and that the testing should be such that there is
80 % confidence that this is so. For these conditions tg assumes a value of 0,84.
5.5,2 - Wire-line coupling
5:5.2.1 Mains coupling using the mains decoupling factor
NOTE This describes the effect of coupling path a) as in 5.3.6.2.

The required quality of radio communications is considered to be fulfilled, if the probability,
that the actual signal-to-disturbance ratio R is greater than the minimum acceptable value Rp,

exceeds a cpnr\ifinr{ value That is

P(R>Ry) > a (25)

where

R is the actual signal-to-disturbance ratio at the receiver's antenna port;
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R, is the minimum acceptable value of the signal-to-disturbance ratio at the receiver's

antenna port;

p

a is a specified value representing the reliability of radio communications.

The relationship between the actual signal-to-disturbance ratio and generated electro-
magnetic disturbance is:
R=U

U U +K dB (26)

w~ Yir=Uw ™~

where
U,, is an effective value of wanted signal at the receiver's antenna port or feeding point;

U, is the permissible effective disturbance level at the receiver's antenna port or feeding

point;

ir

U.

i is a value of a specified component of the electromagnetic disturbance)(as e.g. voltage,

current, power, etc.) measured at the mains port of the disturbancg“source in a specified
way using specified equipment (i.e. a quasi-peak detector);

K is a decoupling factor defined as a ratio of U, to an effectiveyvalue of electromagnetic
disturbance signal U;, at the receiver's antenna port or feeding’point.

For the situations where the disturbance is coupled predominantly by conduction (frequencies
below 30 MHz):

K=K, +17dB (27)
where
K., is the mains decoupling factor relating)U; measured at the source (by an artificial mains
network) to the value of disturbanee at the mains input to the receiving installation;
/ is the mains immunity factor relating the value of disturbance at the mains input to an

equivalent disturbance whichy’if applied at the antenna port or feeding point of the
receiving installation, would produce the same effect.

NOTE Such a receiving installation may comprise a usual broadcast radio receiver with built-in antenna, or
a professional radio receiver connected to an external outdoor antenna as well.

It has been established experimentally that probability distributions of U,, (dB), U; (dB) and K

for arbitrarily selected disturbance sources, radio receiving installations and distances
between them is'well approximated by a normal distribution law.

A limit for_electromagnetic disturbances applying to the mains port of the disturbance source
is established for a definite quantile Uj(p) in the probability distribution of U,. A permissible

valge L for Ui(p) is selected in such a way that at Ui(p) = L, a reliability of guaranteeing a
radio reception which has a quality R > R‘p would be equal to the specified value «:

ULimit = Lpr(U)) = uyw * 1 — Ry + tgoy; — t(x[O-LzJW +0'L21i +og]'2 (28)

1 and o2 are expectations/variances of corresponding components: t, = F~1(a). tg = F-1(R)

are arguments of a standard normal distribution function (with zero mean and variance of
unity) which is equal to ¢, and tB’ respectively.

For series-produced articles CISPR recommends that 8 = 0,8; then tB = 0,84. A value of a is

selected between 0,8 and 0,99, depending on the type of a radio network (radio broadcasting,
air navigation, et al). When a = 0,95, then t, = 1,64.
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It has been found experimentally that o) is the most significant factor. A change in the value
of o with an equivalent change in the limit for U, results in no variation from the specified
quality and reliability of radio performance. Therefore, limits are calculated for equipment

[ocated in similar conditions relative to radio receiving installations of a given radio neiwork.
For instance, in order to protect a broadcast reception in dwelling houses, it is enough to
consider two groups only:

— equipment located in dwelling houses or connected to their supply mains;

— equipment located outside dwelling houses.

The second group, on the basis of economic considerations and separation distance,vis
divided into the following subgroups: power lines; electric transport; motor vehicles; industrial
equipment located in an assigned territory; etc.

5.5.2.2 Mains and telecommunication line coupling by radiation from a network
NOTE This describes the effect of coupling path b) described in 5.3.6.2
This model assumes:

— the injection of symmetric (differential mode), asymmetric ' (common mode) and
combinations thereof (i.e. unsymmetrical) voltages/currents>-into the network and the
conversion of symmetric and symmetric components of unsymmetrical voltages/currents
into effective asymmetric (common mode) voltages/currents due to the properties of the
complete installation (network including connected apparatus);

— the attenuation of asymmetric disturbances between source and victim receiver location
along the distribution network

— the generation of a magnetic (near-)field by asymmetric (common mode) disturbance
currents and the coupling of this field inté-ferrite antennas of broadcast radio receivers in
the long and medium frequency ranges;

— the generation of an electric (neary)field by asymmetric (common mode) disturbance
voltages and the coupling of this field into telescopic rod antennas of radio receivers in the
higher frequency range, and

— in the frequency range above. about 10 MHz the generation of an electromagnetic field by
the asymmetric (common<mode) disturbance power via a radiating half-wave dipole and
the coupling of this field>into the antenna of radio receivers operating in this frequency
range.

Similar to 5.5.1 we d€fine the following quantities (with log-normal distribution):

is the actual field strength of the wanted signal at the position of the radio receiver's
antenna_as a function of its mean value (u,,) and standard deviation (o,,);

is the actual field strength of the disturbance signal (generated by the asymmetric
disturbance current/; on a cable of the network (E; = Z, H;,), or generated by the
asymmetric disturbance voltage U; or generated by the asymmetric disturbance
power P,) at the position of the receiving antenna as a function of its mean value () and
standard deviation (o;);

is the actual value of the factor for polarization match between the disturbance field
strength Eir and the receiving antenna of the victim receiver as a function of its mean

valua nd ctandard An\nnhn (= \ Than nhonlnl-n unlnn aauale 1 \ulnn

n A tha
varot \/"m/ ahe—Stahaara—eaevatoh (Om/— e TaPoorur o u:”,. cooato— viITCT—tre

receiving antenna polarization matches the polarization of E;, and becomes less than 1
in all other cases. Since M;, and the related mean value 4, are used in logarithmic terms
their quantities are equal to or smaller than 0 dB and thus always have a negative sign.
C  is the value of the conversion factor C, = E;//I; or C, = E,/U; or Cp = E;/P; as a function
of its mean value (x;) and standard deviation (o). C, and C, can be estimated, in a first
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approach, by use of the law of Biot-Savart, if for that estimation the impedance Z at the
point of interest is taken into account, and Cp can be estimated by the field strength

expected from a tuned half-wave dipole substituting a certain cable length at the given
laeation l'\ 1 loaarithmic cuiantitine hanamas A~ A

41 [« fal ala allar Ha rithm =X Xt b 41
rocatoR—oHhee—1S ulvvuyo SHaer—thah LI HS—16 H(JIILIIIIII\J \.1UCIIILILI\.¢\J ISASAVASAR AR RASAY Lo p AV

A is the value of the attenuation between /|’ (resp. U; or P;’) at the source location and /;
(or U;, or P; respectively) at the receiver location as a function of its mean value (uy,)
and standard deviation (oy;

Z is the value of the (frequency-dependant) impedance between the effective asymmetric
disturbance voltage U, and the effective asymmetric disturbance current /; at the same

(e.g. source) location as a function of its mean value (x,) and standard deviation (oy);

U’ is the value of the effective asymmetric voltage at the source location as funegtion of its
mean value (y,) and standard deviation (o,);

P, is determined by the ratio of U;2/Z or I;2-Z at the points of interest;

Then (written as logarithmic quantities) the actual signal-to-disturbanceratio R is
R = Ey (ttwiow) = [Eir(ti 6ir) + Mip(ttm; om)] (29)
with
Eir (tir; o) = U (13 0y) = Z(1550,) — Alg; 03) + Clug; o) (30)
and the permissible mean value of the disturbance.field strength will be obtained using:
Hir = ty = i = Rp ~ 1o (0% + 02 + 0,212 (31)

4, can also be expressed as y; /dB(a¥/m) = p /dB(uV) — 1,/dB(Q) — u,/dB + u/dB(Q/m), and
oj, can be expressed as 6,2 = 0,2 #0,2 + 0,2 + 0,2 (units of o in dB).

Therefore the permissible .mean value of the asymmetrical (common mode) disturbance
voltage can be defined as

Hy = My — Hm — Rp tpy t g — He — ta(awz + Umz + Guz + 022 + Uaz + 002)1/2 (32)
Taking into account Equation (22), the limit U, becomes
ULimit =My — Hm — Rp oy g — pe + tgoy — tot(o'wz + O'mz + O'uz + 0'22 + O'az + 0'02)1/2 (32a)

Respectively, in the frequency range above 10 MHz, the disturbance field strength can be
estimated by

Ei, = 71dVP; (33)

That means that

L /dB(uV/im) = 20 Ig(7/d)/dB(Q"/m) + w,/dB(nV) — O,Syz/dB(QVZ) — u,/dB
For d = 3 m, the first term is 7,4 dB

= (ty = tm = Rp + g + 0,50, = 7,4) — ta(ow? + om? + 0,2 + 0,214 + 0,2)1/2 (34)
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Taking into account Equation (22), the limit U, becomes

Ulimit = (4 = e — Ry * 15 + 0,51, — 7,4) + tgo, — t,(0,° + 0,2 + 6,2 + 0,214 + 5,2)12 (34a)

Example for the AM frequency range:

According to ITU Recommendation BS.703, the minimum receive field strength u,, (o, set to
0) should be

— for Band 5 (LF): 66 dB(uV/m)
— for Band 6 (MF): 60 dB(unV/m)
— for Band 7 (HF): 40 dB(pnV/m) (for DSB and SSB modulation)

whereas the other mean values have been assumed as

— RF protection ratio: Rp =27 dB

— Polarization match: Uy =—6dB,and o, =4 dB

— Impedance: 1, = 34 dB(Q) (i.e. Z=50 Q), andjo, = 4 dB

— Attenuation: Uy =10dB, 0, =5dB

— Conversion factor: U = — 27 dB(Q/m), if thereceiver is assumed to operate at
a distance of 3 m from a cable of the network, with
o, = 3 dB.

— Standard deviation of the
disturbance voltage: o, = 15 dB_ (see Figure 4 below)

Applying Equation (32a) to the MF range, with t, = 0,84 and tg = 0,84, the permissible mean

value of the asymmetric disturbancevoltage becomes 41,67 dB(uV) and the calculated limit
becomes 54,27 dB(uV).

Using Equation (34a) for the.range at 30 MHz we get the permissible disturbance mean
voltage as 15,1 dB(unV) andidhe calculated limit becomes 27,7 dB(uV). This value is calculated
under the assumption of far field conditions.

Guidance for field-stréhgth measurements:

In the long andimedium wave frequency bands, the disturbance field strength should be
measured withva loop antenna, whereas in the short wave frequency bands, the disturbance
field strength should be measured with a highly balanced shortened dipole antenna (it is not
possible to“use rod antennas in buildings since the counterpoise is floating).

Example of a measurement result:

It-is normally not possible to model complicated network structures, like e.g. AC mains
networks. It is therefore necessary to make a sufficient number of measurements with
subsequent statistical evaluation of the results. For that purpose it is advisable to feed a
certain (common or differential mode) power into the network and to measure the maxima of
the magnetic (or electric) field strength at defined distances from the feed point along the
network and at certain distances (e.g. 3 m, which may be difficult inside buildings) from the

network lines, at a number of points which is sufficient for the determination of valid statistical
parameters.

The measurement results presented in Figure 4 have been obtained in a study executed in
Dresden commissioned by the German administration, see [3].
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All data for the conversion factor were obtained by measuring the magnetic component of the
disturbance field strength H, in a building with 4 feed points using 26 different field-strength

measurement locations. For the standard deviation s(Hy), the right hand scale of Figure 4
appties.

20,00 ZX /\ 27,00
10,00 R 7 24,00
0,00 1 } } X% By n ! il 21,00
E -10,00 ,J\ e L - M= 3 N 18,00/{+——~Hk_A/dB1/m
% ‘,1 ‘\“ | \‘ / K ] X{ | ! w\
s fi i
Q SHH Y Sk 8 —=—HKB/dB1/m
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Figure 4 — Example of conversion factors —
field strength,/ common-mode voltage (in dB) —
at feed point, found in practice

The conversion factor (field strength divided by common-mode voltage, in dB) helps to
determine limits for the cemmon-mode voltage for a given scenario (with e.g. the radio service

operated at a certainidistance from the network, and assuming a specified longitudinal
conversion loss (LCL)for the network).
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Magnetic field strength generated by a symmetrical voltage of 105 dB(uV)
depending on the measurement distance
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Figure 5 — Example of conversion factors —
field strength generated by differential-mode voltage —
at feed point,\found in practice

Other conversion factors have beensobtained feeding a certain differential-mode power into
power-line networks (see Figure 5)~The comparison of the conversion factors for differential
and for common-mode power willk'show the effective differential mode rejection of the network.

Figure 5 shows an example, of results from measurements of the magnetic disturbance field
strength (H-field convertedito E-field using the free-space wave propagation impedance Z;)

generated by a differeatial-mode voltage injected into a LV AC mains network between life
and neutral lines. From this measurement result, the conversion factor from differential-mode
voltage to field strength can be obtained. (The example indicates the 90% value of the field
strength, i.e. the-field strength not exceeded by 90% of the values. The results base on
48 measurement points within a distance of up to 3 m, 57 measurement points between 3 and
5 m and 87 measurement points between 5 and 30 m.)
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Figure 6 — Example of conversion factors —
field strength generated by differential-mode voltage -
outside buildings and electrical substations, found in practice

Figure 6 shows an example of results of measurements of the magnetic disturbance field
strength (H-field converted to E-field using the! free-space wave propagation impedance Z;)

generated by a differential-mode voltage of 408 dBuV (9 kHz) injected into a three phase LV
AC mains network between two phase liftes” The red line indicates the 80% field strength, i.e.
at least 80% of all measurement results‘are lower than the red line value, with a confidence of
80%. The results base on measureménts at 160 points within a distance of 3 m from buildings
and electricity substations. Notice that this is not always identical with the distance to the
cables of the mains grid.

Figure 7 shows an examplée’ of results of measurements of the magnetic disturbance field
strength (H-field converted to E-field using the free-space wave propagation impedance Z;)

generated by a diffetential-mode voltage of 108 dBuV (9 kHz) injected into a LV AC mains
network between phase and neutral lines. The red line indicates the 80% field strength, i.e. at
least 80% of allkmeasurement results are lower than the red line value, with a confidence of
80%. The results base on measurements on 67 points within a distance of up to 3 m from the
cables in the middle of normal rooms inside buildings.

NOTE._Figures 6 and 7 show the coupling factor k as a function of frequency. It is defined as the transfer function
between the forward power injected into the LV AC mains network and the produced field strength. Using k, the
upper’limit value of the wanted signal power may be determined which may be injected into a telecommunication
network without exceeding a given disturbance limit.
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Figure 7 — Example of conversion factors —
field strength generated by differential-mode voltage -
inside buildings, found{in practice

5.6 Another suitable method for equipment.in'the frequency range 150 kHz to 1 GHz
5.6.1 Introduction

The purpose of this subclause is to réview studies made for the derivation of CISPR limits for
the protection of telecommunications from interference from RF ISM equipment and to
conclude from these a recommended method which meets the objectives of CISPR and ITU.
The model deals only with, radiation which occurs outside the wanted frequency bands
designated by ITU for use by industrial, scientific, and medical (ISM) applications, i.e. outside
the ISM bands.

5.6.2 Derivation of limits

The full range of-parameters to be taken into account in the derivation of limits is shown in
Table 3 together with the major radio services requiring protection.

5.6.2.1 -Protection of communication services

Thé wanted field strength to be protected, the protection ratio required for the different types
of _radio services, the distance from the source at which protection is necessary, and the
attenuation law to be used in the calculation are important. These are matters in which ITU
support is essential.

5.6.2.2 Proposed model for use in calculating disturbance limits

Thefactors—that-havetraditionalyrbeenincludedinmodels for predicting—interference—from
radio-frequency sources are listed in columns 1 to 10 of Table 3. By assigning appropriate
values to each parameter, for example, field strength to be protected, protection ratio, etc.,
worst-case limits for protecting the various communication services from interference from a
certain type of equipment may be determined. However, a model which is based on worst-
case parameters is both technically and economically unrealistic since it ignores the fact that
there have been very few instances of interference attributed to the distinct type of equipment
actually considered. It is therefore critical that the experience in this subject should be taken
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into account. Thus, the benefits of worldwide experience in this subject can be included
although it is recognized that the probability can only be a qualified estimate at present,
because so many complex factors are involved as shown in 5.6.2.3. Determination of
numerical values of the probability for the various radio services is urgently required and

studies are being undertaken in several countries.

5.6.2.3 Probability factors

Probability of coincidence of adverse factors:

P:P1><P2XP3XP4XP5XP6XP7XP8XP9XP1O (35)

where

is the probability that the major lobe of the radiation is in the direction|of the victim
receiver;

is the probability of directional receiving aerials having maximum piek-up in the direction
of the disturbing source;

is the probability that the victim receiver is stationary;

is the probability of equipment generating a disturbing signal,on a critical frequency;
is the probability that the relevant harmonic is below the limit value;

is the probability that the type of disturbing signal being generated will produce a
significant effect in the receiving system;

is the probability of coincident operation of the disturbing source and the receiving
system;

is the probability of the disturbing sourcé-being within the distance at which interference
is likely to occur;

is the probability of coincidence that'the value of radiation at the edge of service area for
the protected service just meets the limit for the RF disturbance;

P4 is the probability that buildings provide attenuation.



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 44 - CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

(wya )gp
d)is )saj e
uo w Q¢ je spwi
UdSID 40 uoisiAal

(13)

o4 +056-6-04d
+esod

(w/n M)ap
Aiepunoq
wouy w og je pwi|
Buipuodsaiion

(12)

(w/pA M)ap
Kiepunoq
wouy w Qg je
1wy jeonoeud
Buipuodsaiion

(11)

ap
Aipqeqoad
10} 92UBMO| |V

(10)

ap
uoljenuajje
Buipjing

(9)

(w/a v)gp
juawdinba
wouj w og e p|ay
CRNTEYEYREIITRTTET] -7
-inba ajewixoiddy

(8)

Me| uoljenuajpy

(7)

w
pajoajoud aq o}
si JeuBis yoiym
je jJuawdinba
wo.uj aosuejsig

(6)

(w/A M)gp
euuajue
Buialaoal je
p|olj 9ouaJajiajul
a|qissiwiad

(5)

ap
oljes uol}oajoid

(4)

Taple 3 — Tabulation of the method of determining limits for equipment in the frequency range 0,150 MHz tc 960 MHz

(w/A M)ap
pajoajoud ©
aq o} [euBig
(s o Q o Q o Q
aAl}sneyxa-uou) <35l . <35l . . <9l .
- = O 3 3 = O 35 3 35 = O 35
Pa3o930.d oq Ylo.5].5|9.8|5E|l2_|&_|SEl& |2 _|&2_|SE|R
0} 991AI9S olpey Moo |og|Pog|go| 8L |BL|go|®R|®L2|®2|go|®E
LOo| Qo | L0 | X0 ETQ|ET| X0 | ET|ET|IET|X0|ET
d<o (<o |l2<o || < ||| << | <8 | <8 | B
o
[zZHW] = 2ol Cn Bo 2084580825 2ol 8n| Lo oS
pueq Aousnbaigy || 3 X 22158 B8o|od|od|o2|on |28 |82 |0~
~| - - N | O < ooN I-Dv o wn O,\ Ne) - < =) Ow
- O - O . - - S - N o < 0N y
o o o - -~ ™ < N~ - - - @ «—
=



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

— 45—

(w/a M)gp
d)is )saj e
uo w Q¢ je spwi
UdSID 40 uoisiAal

(13)

Table 3 (continued)

o4 +056-6-04d
+esod

(w/n M)ap
Aiepunoq
wouy w og je jwi|
Buipuodsauion

(12)

(w/pA M)ap
Kiepunoq
wouy w Qg je
1wy jeonoeud
Buipuodsaiion

(11)

ap
Aipqeqoad
10} 92UBMO| |V

(10)

ap
uoljenuajje
Buipjing

(9)

(w/a v)gp
juawdinba
wouj w 0g 1e p|ay
CRNTEYEYREIITRTTET] -7
-inba ajewixoiddy

(8)

Me| uoljenuajy

(7)

w
pajoajoud aq o}
si JeuBis yoiym
je jJuawdinba
wo.uj aosuejsig

(6)

(w/A M)gp
euuajue
BuiAalaoal je
p|olj 9ouaJajiajul
a|qissiwiad

(5)

ap
oljes uol}oajoid

(4)

(wy/A M)gp
pajoajoud
aq o} [euBig

(3)

(s
aAllsneyxa-uou)

ks

pajoajoud aq
0} 921AJ3S olpey

(2)

Fixed li

Aeromobpile

Amateuf
radio

Amateuf
radio

Amateuft
radio

TV BC

Land m¢bile

Amateuf
radio

Audio B|C

Land mebile

TV BC

Land m¢bile
Audio B|C

ILS Aerp-
mobiles|

Land m¢bile

Amateuf
radio

Land m¢bile

pueq Aouanbaiqg

(1)

20,00 to

30,00
21,00 to

21,45
24,89 to

24,99
28,00 to

29,70
30,00 to

68,00
50,00 to

54,00
68,00 to

72,00
76,00 to

87,50
87,50 to

108,00
108,00 to

156,00

144,00 to

148,00
156,00 to

174,00



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017

— 46 —

+AMD2:2020 CSV © IEC 2020

Jusiayip e

Joy N1l Aq

‘ojelidoidde se suoljepuswwodal N1| pue suole|nbal N1| WoJj POALISOP 8q 0} :eaJe 891AI9s Jo aBpa 8y} je pajoslold aq o} yibuadis pial} ol
:sBuipeay uwnjoo

"anjeA |eonjoeld |ewlou B SI gp 0} JBY} UMoYs sey aousiiadx3 "pajjelsul s 821nos asueqnisip ayy yoiym ulysbuipjing Aq papiaod
“10308} AyljIgeqoid ay) ul Joj pamo|
e s90In0s aoueqJnisiq "pPa||eIsul A[|ewJou ale 90IAISS Olpel JUBAD|aJ 8y} JO suolie|jelsul BuiAlooal Yolym Je 90Jn0s 90Ueqinisip 8y} Woly aouelsip w

pepuswwooal se oljel uoljosjoid sawes ay) A|lIESS808U JOU SI PuB SHIWI| JO UOIJBALISP 8y} Ul pasn g 0} anjemyeyl si siyl ‘(o018 ‘Aujigels Aouanf
201nos aoUeqinisip ay} Aq pajesausab |eubis ay) Jo sO13SII810BIBYD BY) Y)IM 90USISL8)UI WO} 891AI8S Olpel ay) }0ajold 0} palinbal oljes aouals)laiul-o}-leubis ay

d uonenuaye ay)

e 9q ||IM doue)sIp
hwiulw ueaw ay]

‘g¢9sodind Buiuueld

1 JO @njeA uelps|y

al} ‘e|dwexa J0j)
| "oljed uojjosjoid

(%)
(€)

o uoneueldx3 3JI1ON

olpel 00'826

Jnejewy | 03 00°206

00'096

9[lqgw pue | 0} 00'vS8

00'¥S8

29 AL| 0100'%L9

o9 AL 00‘v19

euolay [ 0} 00'G8S

00'G8S

09 AL| ©0100°0LF

olpel 00'0%%

Jnejewy | o1 00'0eY

8llqqw pueT 00'0LY

syl pexi4 | 03 00°00%

olpel 00‘'0€C

Jnejewy | 03 00'czZ

00'00%

S| 0100912

(€1) (21) (11) (01) (8) (8) (2) (9) (s) (%) (€) (2 (1)

=3 = 33 - 5 =

=0 ma > 35 b o] b M
R W% w.mw v = o T2 >» = a.m..mm ® ® v 3 » wa.m.. o
Peﬂw.. oo I|laevo =] =05 T w D.oum.d o ©Se@ LR = - 27T & S| o = Qo
PseS3| ZTolRo | mogaoe oz 3 c w3353 2 Tus8 23323 S 235 _és©° c
T o a3 TSwl |T5362 a8 a2 = TOamp 0 o o322 |Tg0oaw 3 Q= Tagn =Xg 5
~ 0 d ST 383 wsS wE o o 28 x o =@ 39 © s ® @ o e Q3= a
So8>g <g S MWJIM o 8 Mnﬁw.w. ) e30°® | <3250 S Mm.mv =gl 2 <
3F39k| 3333|3383a| EF° | §8 |2823s 3 3223138355 3 38: | 423 g
® T35 335 <3 3 32237 5 @S @o 8 ® g3 e 2

o O @ = Q = Bzm = 1.1.w @ o < - =]
5% 3 387 3 oy o © o

(pus) ¢ alqeL



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

CISPR TR 16-4-4:2007+AMD1:2017 —47 -
+AMD2:2020 CSV © |IEC 2020

5.6.3 Application of limits

The CISPR has traditionally adopted the view that there should be only one limit for each type

£ IH Il 4l 4+ Al a1l la <l +=l bl ++ o 4+ + + 1
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difficult to sustain. Thus, it has been found useful to introduce several classes of limits, e.g.
for disturbances from RF ISM equipment (see CISPR 11).

5.6.4 Overview of proposals for determination of disturbance limits for a given type of
equipment

5.6.4.1 Determination of limits from practical experience

The exponents of this approach state simply that limits in use in their own country hayve been
proved by practical experience to give adequate protection.

This is a powerful argument which cannot be ignored. The technical evaluation of coupling
between sources of interference and communication services is very complex and virtually
impossible to define precisely in mathematical or practical terms mainly\because control of
the various parameters is impossible and the spreads on measured, values are very wide.
Experience is therefore valuable. Unfortunately, the same factors\which make experience
valuable tend to militate against the acceptance of this approach unless the experience
gained in a sufficiently large number of countries leads to similar conclusions. In this case,
however, there is not a sufficiently large number of countries supporting the unqualified
application of the actual limits but there is clearly a needxto support the approach as one
factor in the consideration of limits.

5.6.4.2 User and manufacturer responsibility foravoidance of interference

In a number of countries, user regulations are-in force.

User limits may take one of several form‘outlines as follows:

a) regulations may require users_of an appliance to meet certain limits if interference is
caused;

b) if interference is caused, <regulation may require an user of an appliance to cease
operation until the interference is abated;

c) regulations based on:the licensing of operation of a certain type of apparatus.

These approaches-@on their own satisfy neither the ITU/CISPR criteria for avoidance of
interference nor the' CISPR requirements for avoidance of technical barriers to trade. User
limits would probably, in any case, be quite unacceptable in a number of countries as they
place the userin an unfavourable position legally, financially and technically.

User regulations in conjunction with manufacturer regulations are a different matter. In these
the user may be required to maintain suppression to the standard of new equipment and his
financial, legal and technical obligations are therefore clear.

Examples of limits which are in use for user-only regulations are those in force in the United
Kingdom for industrial radio-frequency heaters in the frequency range 0,15 MHz to
1 000 MHz. These broadly conform with the present CISPR limits with a provision of a 10 dB
more stringent limit where interference is caused to safety of life services.

Other examples are the USA requlations which take the form described in item b) and the

German regulations which take the form of item c¢). In the USA, the Ilimits for
RF ISM appliances are considerably less stringent than those recommended by CISPR.

5.6.4.3 Calculation of limits on a worst-case basis

This method of arriving at limits is intended to provide a high degree of protection for all radio
communication services. Limits are calculated using minimum values of field strength to be
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protected, high values of protection ratio, maximum coupling between disturbance sources
and radio communication receivers, and minimum values of attenuation with distance of the
disturbing signal.

At first sight, this approach might seem to be ideal as it would, if implemented, lead to an
ideal situation of very low values of man-made ambient radio-frequency noise. The cost to
society of the adoption of such limits, however, would be high and it would be impossible, with
present technology, to continue to operate many electrical devices, which would not
contribute to the welfare and health of the human race.

5.6.4.4 Determination of limits by means of statistical evaluation

This approach states that the control of radio interference has to be treated statistically
because the many factors involved are not under the control of the engineen and those
parameters which are capable of measurement have very wide spreads of values,

The statistical evaluation approach has to overcome these difficulties. l{{should satisfy the
communicator that communication services will receive adequate protection under normal
circumstances of correct use, and the manufacturers and users of electrical equipment that
economic, operational and safety considerations are being correctly/taken into account.

5.6.5 Rationale for determination of CISPR limits in thefrequency
range below 30 MHz

5.6.5.1 General

With this subclause, a method for the estimation™of disturbance limits for a given type of
equipment is described. This approach can be applied for the frequency range below 30 MHz.
For radiation coupling, dependence of the permissible disturbance field strength from the
wanted signal u,, the signal-to-disturbance-ratio Rp, and other influence factors can be

estimated based on Equations (21) and (22)found in 5.5.

This model should be used by Prpduct Committees to determine the disturbance limits
measured on a EUT in standardized test sites. This model is considered suitable for point
source magnetic field devices and not for distributed or complex systems.

Ten probability or influence factors P, to P,y have to be considered according to 5.6.2.3.
However, for better alighment with terminology used for statistics the ten influence factors P,
to P,q are further treated in their mean values as up4 to upqq. It shall be noted that the values
for up4 to up1g €aN be used in logarithmic terms (i.e. in dB) only.

Taking intd account Equation (22) we can write

Elimit = 4 * 130 (36)

Then taking equation (21) into account, noting that tg = 0,84, and the limit becomes:

Epimit = #w = Rp + tpg + ppo * pip3 + tpg + tps + tpg * Hp7+ tpg + tpg + Up1g

+ 1g0; — tq(0p4 2+ Opy? + Opg®+ Opy?+ Ops? + Opg? + Opy?+ Opg? + Opg? + Opqo?)'2 (37)

where

Elimit is the mean value of the permissible disturbance field strength at a specified
distance d from the disturbance source;
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Ly is the minimum value of the wanted field strength at the edge of the service area of
the radio service concerned;

R, is the minimum acceptable value of the signal-to-disturbance ratio (i.e. the protection
ratio) at the receiver's antenna port or feeding point;

Hp1 is the mean value of the main lobes of the magnetic dipole radiation in the direction
of the victim receiver;

Opq is the standard deviation of P;

Hpo is the expected mean value when the directional receiving antenna has its maximum
pick-up in direction of the disturbance source;

Hp3 is the expected mean value when the victim receiver is stationary;

Hpy is the expected mean value when there is equipment generating a disturbing signal
on a critical frequency;

Ups is the expected mean margin when the relevant harmonic is below_the limit value;

Upg is the expected mean value when the type of disturbance\Signal generated will

produce a significant effect in the receiving system;

Up7 is the expected mean value when the operation of'-the disturbance source is
coincident with the receiving system;

Hpg is the expected mean value when the disturbance source is located in a distance to
the receiving system within which interference is likely to occur;

Hpg is the expected mean value when the valleof radiation at the edge of service area
for the protected service just meets theflimit for the RF disturbance;

Up10 is the expected mean value when buildings provide attenuation.
Equation (37) is valid for mean values~of influence factors (given in dB) assuming a log-
normal distribution of their figures. Notice that the latter may not be fulfilled for each factor in

each individual case. By inserting-appropriate practical figures, Equation (37) can be used to
estimate a limit E|;,;; for the permissible disturbance field strength.

NOTE Within these calculation$/; 20 log has been utilized for distance elements and 10 log for the others,
assuming power and not voltage.

5.6.5.2 Consideration and estimated values of upy to upqg
5.6.5.2.1 Radiation pattern of the disturbance source (up4)
5.6.5.2.1.1 “Consideration of yp,

The harizontal plane radiation pattern on a small purely magnetic antenna is described in dB
unit_by

G(¢) = Gpyax + 20 log (sin(o)) (38)
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Figure 8 — horizontal plane radiation pattern on a small purely magnetic antenna

In the general case the victim may be in any possible ‘direction with equal-probability. The
mean value and standard deviation of the gain cah be calculated by the following averages
over half of the circle.

Gle)d (39)

X

Gavg = A¥§(G(0)) = -

O =

562 = AvglG(9)?)- (Avg(G(p)P

17 2 2 (40)
= F_(‘;(G((ﬂ)) do— Gavg

Numerical calculation of Equations (39) and (40) gives the average gain G
and the standard deviation og = 7,9 dB, which lead to ypq = G G
dB

avg = Gmax — 6,0 dB
=6dBand og=7,9

max ~ “Yavg

5.6:5,2.1.2 Estimation for the up,
Hpq1 = 6 dB, Opq= 8 dB

5.6.5.2.2 Antenna gain of the victim to the disturbance source (up,)
(the directional receiving antenna have its maximum pick-up in direction of

the-disturbanee sotree)
LLLA AR 1! ’
5.6.5.2.2.1 Consideration of yp,

In the frequency range below 30 MHz, a typical receiving antenna used with broadcast
receivers is a rod antenna. Other antennas are also used. These antenna gains can vary to as
much as —10 dB to 10 dB, however it can be assumed that 67 % of all antennas show a gain
of within 3 dB of an isotropic antenna.
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5.6.5.2.2.2 Estimation for the possible range of up,

Hp2o =-3 dB, OPZ =3dB

5.6.5.2.3 Stationary receiver (up3)
5.6.5.2.3.1 Consideration of up;

Below 30 MHz, it is likely that the victim receiver will be stationary; hence the value should be
0 dB.

5.6.5.2.3.2 Estimation for the possible range of up;
Hp3 = 0 dB, Op3 = 0 dB

5.6.5.2.4 Equipment generating a disturbing signal at a critical frequency and
relevant harmonics (up,)

5.6.5.2.4.1 Consideration of up,

For the source of the magnetic disturbance from monitors and plasma TVs, the issue will
appear for the fundamental frequency and the harmonics. Assuming the fundamental
emission from the disturbance source is at 250 kHHZ and its harmonics will occupy
approximately in the ratio of 5:1. Based upon a variation of +25 kHz, giving a value of 50 kHz
(7 dB).

For the source of the magnetic disturbance ftom induction cooking equipment, the issue will
appear from the fundamental frequency~and the harmonics. Assuming the fundamental
emission from the disturbance source “is at 50 kHz and its harmonics will occupy
approximately in the ratio of 2:1. Based upon a variation of +12,5 kHz, giving a value of
25 kHz (3 dB).

NOTE 1 The values below were derived from 10 log (1/5) = =7 dB and 10 log (1/2) = -3 dB hence the mean
values 5 dB and the range of 2 dB.

NOTE 2 Other sources of disturbance may be from electrical car charging stations, phone charging systems and
these are estimated to give similar values.

We have assumed-no frequency dependency relevant to the limits.

A typical response of a source of magnetic field disturbance is present in Figure 9.
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Figure 9 — typical source of magnetic field disturbance

5.6.5.2.4.2 Estimation for the possible range of 4p,
4ps = 5 dB, Range op, = 2 dB

5.6.5.2.5 Margin that the relevant harmonics are below the limit value (ups)
5.6.5.2.5.1 Consideration of ypg

This value has been covered injup,.

5.6.5.2.5.2 Estimation‘for the possible range of upg

This value has been Covered in upy.

5.6.5.2.6 Expected mean value that the type of disturbance signal generated will
produce a significant effect in the receiving system (upg)

5.6.5.2:6.1 Consideration of ypg

In_the frequency range below 30 MHz, since the bandwidth of the unwanted signal and
bandwidth of the receiver are of similar values, upg should be set to 0 dB.

For the example of plasma TVs and induction cookers in the frequency range below 30 MHz,
typically since the bandwidth of the disturbance source is greater than the bandwidth of the
receiver, upg should be set to 0 dB.

NOTE AC mains cable is not an issue of interference to radio receivers at the frequency below 30 MHz because
this aspect is already covered by the conducted emission requirement defined in the standard.
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5.6.5.2.6.2 Estimation for the possible range of upg

tpg = 0 dB, Range opg = 0 dB

5.6.5.2.7 Expected mean value that the operation of the disturbance source is
coincident with the receiving system operation of the disturbance source

(pp7)
5.6.5.2.7.1 Consideration of up,

In the case that a receiver is operated for 24 hours, from the typical sources in 24 hours*per
day, plasma TV is 8 hours, PV Inverter 8 hours and induction cookers 2 hours operated!

NOTE The estimated values given in 5.6.6.2.7.2 were derived by 10 log (time of operation (hours)\/24).

5.6.5.2.7.2 Estimation for the possible range of yp;
4p7 = 6,5 dB, Range op7 = 3,5 dB

5.6.5.2.8 The disturbance source is located in a distance to the receiving system
within which interference is likely to occur (upg)

5.6.5.2.8.1 Consideration of upg

The limit of the disturbance is specified for the testsite with a normative fixed measurement
distance d. In practice, the actual distance r between the disturbance source and the victim is
usually quite different when the victim is used-as intended.

The normative measurement distance @ i 3 m. The ratio of the two distances r and d
determines the additional attenuation.

The estimated value upg usually increases the permissible limit and has to be added on the
right hand side of Equation (37);

5.6.5.2.8.2 Estimation for the possible range of upg

The value of upg is.calculated by:

upg = X x 20 log (r/ d) (41)
where
r is the actual distance between source and victim;
d is the measurement distance;
X is the wave propagation coefficient, typical value to be determined based upon Annex
B.

The estimated distance has to take into account the average distance for the intended use of
the radio equipment Inserting practical distances into Equation (41) will provide the passible

range of upg.
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5.6.5.2.9 The value of radiation at the edge of service area for the protected service
(1pg)

5 6 5 ;! 9 1 ‘;ensideFalinn of 4
..... O OTHpy

Due to propagation complexities related to the transmission properties relating to this
frequency range (including solar storms, variation of the reflecting condition at the ionosphere
and the time of day) it is difficult to define actual coverage areas of the radio service. There
will still be areas were the service will have sufficient signals and other areas where there will
be insufficient. Hence a basic approximation could be based upon a simple circulanly
response and the ratio between the two different coverage areas.

5.6.5.2.9.2 Estimation for the possible range of upg
Upg = 3 dB, Range opg = 3 dB
5.6.5.2.10 The expected mean value that buildings provide attenuation of the building

(#p10)

5.6.5.2.10.1 Consideration of up4g
In this frequency range the worst case attenuation of buildings’will be 0 dB.

NOTE Depending on the situation, building attenuation can be taken into account. Any attenuation may impact
both the reception of the radio service and the amount of interfefence source observed. Hence this may need to be
taken into account with the performance of the receiving antenna.

5.6.5.2.10.2 Estimation for the possible range of up4g
Hp1o = 0 dB, Range Op10 = 0 dB
5.6.5.3 Rationale for determination of CISPR limits for photovoltaic (PV) power

generating systems

For a model for the derivation of limits for photovoltaic (PV) power generating systems see
Annex C.

5.6.5.4 Rationale fof’determination of CISPR limits for in-house extra low voltage (ELV)
lighting installations

For a model-for the estimation of radiation from in-house extra low voltage (ELV) lighting
installations\see Annex D.

5.6.6 Model for limits for the magnetic component of the disturbance field
strength for the protection of radio reception in the range below 30 MHz

5.6.6.1 General

Recently, new electric or electronic devices having unintentional emissions below 30 MHz
were introduced in the market. As the classical examples of these devices, there are plasma

TV sets, power line communications devices, wireless power transfer, induction cooking
rln\/ir‘nc, and so on.  As the devices have been ||Qing inr‘rnncingly, itis rnqnirnd to establish an

appropriate model for deriving radiation limits in order to protect existing radio services at
frequencies below 30 MHz.

This document contains statistics of complaints and mathematical models for the calculation
of electric field limits related to the protection of radio services without the consideration of
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magnetic radiation within the near field region. Hence, development of other analytical models
is required for the derivation of radiation limits on the devices having magnetic disturbances.

lo
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5.6.6.2 Model for magnetic field limits below 30 MHz

This model is established for calculation magnetic field limits required for the protection of
radio services against interference from various types of magnetic field sources using below
30 MHz. This method for calculation of magnetic field limits for protection of radio services
below 30 MHz is depicted in Figure 10.
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m magnetic dipole moment

E, permissible intekference electric field of victim receiver

H;, permissible“interference magnetic field of victim receiver

Pis’ERP effective radiated power of interference source at distance r from victim receiver

Hiimit magnetic field limits for interference source at measuring distance d, i.e. at the position of the antenna

of the measuring equipment
Figure 10 — Model for magnetic field limit at measuring equipment
The permissible interference electric or magnetic field (E; or H;) of victim receiver can be
derived from a method considering noise level or a method considering signal to disturbance
ratio (Rp).

The method considering noise level is as follows:

Epoise (dBuV/m) of a victim service is corrected for the bandwidth of the victim receiver:

Enoise = Enoise,b +10 |09 (bvictim / bnoise) (42)

where
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bpoise is the measuring bandwidth of noise (kHz);

byictim is the bandwidth of victim (kHz);

I + 4o ] o £ 1l 4 4lo £ + £ D ol s R D Q79 /) N L] AV
Enoise,b IS UIT TITULUITC TITTU SUITTygunT UT TTUTST TTUTTT TANCUUTTITIITTIUaliuUTT TTU=TN T7. O£ \UDJ V/TIT).

NOTE E e p IS defined by an ITU-R document as the background Gaussian noise level (excluding impulse and

burst noises), assuming the reception with a loss-less omni-directional antenna and an ideal receiver. In the case
that the antenna and feeder losses or receiver noise cannot be negligible, reference noise level should be defined
by the system noise level.

In case of broadband interference, the bandwidth ratio BWR (dB) should be included-io
calculate the permissible interference electric field E;. (dBuV/m):

Eir = Enoise + BWR (43)
The bandwidth ratio is defined:
BWR =10 log (bmeasuring - bvictim) (44)
where
bmeasuring is measuring bandwidth of interferer (kHz).

When the bandwidth of the interfering signal is not widerthan the victim receiver bandwidth,
BWR = 0 dB should be assumed.

The method considering Rp is as follows.

In the case where the minimum received field strength E,;, (dBuV/m) and the Rp (dB) of the
victim receiver are known, the permissible.interference electric field is calculated:

E.

Ir

= E... — Rp + BWR (45)

min

From the permissible interference electric field, the permissible interference magnetic field H,,
(dBpA/m) can be obtained:

H. = E.

ir ir— 51,5 (46)
And then, the’effective radiated power ERP of interference source at distance r from victim
receiver ¢an be determined by propagation attenuation loss between interference source and
victimqreceiver. Propagation attenuation loss exponent is normally in the range of 2 to 4
(where' 2 is for propagation in free space, 4 is for relatively lossy environments). In some
environments, such as buildings, stadiums and other indoor environments, the propagation
atténuation loss exponent can reach values in the range of 4 to 6.

The magnetic dipole moment m (Am2) can be calculated from the effective radiated power of
interference source at distance r from victim receiver, Pis grp (kW) level.

2
A
m= [2_) V50 Pis erp

" (47)

where

A is the wavelength.
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Finally, the magnetic field limits H,;,;; (A/m) for interference source at measuring distance d,

i.e. at the position of the antenna of the measuring equipment can be calculated. The
radiation direction from interference source is divided into coaxial and coplanar directions.

natin fialda far thaon A

Tha oaaon a frantiane ora ~a At A A Iy
ooy nmotCTeTaSToT e ST U CotoTTS ar T oo oatCT— oy

JA +d?

Hcowcial =m- 3
2rAd

(48)
4 2 92 4
by :m_\/z, ~A2d>+d
coplanar 472_/1 2d3
’ (49)
where
A, is the radian wavelength and is equal to A/2m.
Then, Hjinit is chosen to the maximum value of Hggaxiar @and Hegpjananift the view point of worst

case as follows:

Hjimit = max (H (50)

coaxial, Hcoplanar)

5.7 Rational for determination of CISPR limits in the frequency range above 1 GHz

NOTE References found in this subclause are listed in ther/Bibliography.

5.7.1 Introduction

In 5.6, another suitable method for estimation of emission limits for a given type of equipment
is described. The same or similar~approach can be used for the frequency range above
1 GHz. For radiation coupling, dependence of the permissible disturbance field strength from
the wanted signal u,, the signal-to-disturbance ratio Rp, and other influence factors can be

estimated based on Equations.(21) and (22) found in 5.5.

Seven probability or influence factors P, to P; have to be considered. These influence factors

take into account e.gthe antenna gain, the attenuation of the disturbance field strength as in
Equation (21), and other conditions. However, for better alignment with terminology used for
statistics the seven influence factors P, to P; are further treated in their mean values as up4

to up7. It shallbe noted that the values for up4 to up7 can be used in logarithmic terms (i.e. in
dB) only.

Taking into account Equation (22) we can write
Elimit= #4 * tg0;

with tB = 0,84, and the limit becomes:

Elmit = Pw — \p T #p1 + Ap2 * Ap3 * APz * Ap5 T Apg + Py
2 2 2 2 2 2 2)1/2
* {50 = to(Op1“+ Opp® + Opg™+ Opy“+ Ops” + Opg” + Op77) (36)

where:



https://iecnorm.com/api/?name=1b06df97971f51b1a06da838c699ab6c

- 58 - CISPR TR 16-4-4:2007+AMD1:2017
+AMD2:2020 CSV © IEC 2020

Elimit is the mean value of the permissible disturbance field strength at a specified
distance d from the disturbance source;

Ly is the minimum value of the wanted field strength at the edge of the service area of the
radio service concerned;
Rp is the minimum acceptable value of the signal-to-disturbance ratio (i.e. the protection

ratio) at the receiver's antenna port or feeding point;

Upq is the expected mean value that the major lobe of the disturbance field strength is not
in the direction of the victim receiver;

Upo is the expected mean value that the directional receiving antenna does not have.its
maximum pick-up in direction of the disturbance source;

Up3 is the expected mean value that for a mobile receiver the signal to noise ratio can be

improved by keeping a certain distance to the disturbance source and that the mobile
receiver is used well inside the respective radio service area;

Ups is the expected mean margin that the disturbance signal is below thevimit;
Hps is the expected mean value that the type of disturbance signal.generated will produce
a significant effect in the receiving system;

tpg is the expected mean value that the disturbance source'is located in a distance to the
receiving system within which interference is likely to occur;

Up7 is the expected mean value that buildings proyvide a certain degree of additional
attenuation.

Due to lack of sufficient statistical data, Equation (36) is only analysed in terms of the mean
values of the influence factors while neglectingthe values for the standard deviation.

Equation (36) is valid for mean values of-influence factors (given in dB) assuming a log-
normal distribution of their figures. Notice*that the latter may not be fulfilled for each factor in
each individual case. By inserting appropriate practical figures, Equation (36) can be used to
estimate a limit E|;,;; for the permissible disturbance field strength.

For an estimation of limits related to the power of radiated disturbances, e.g. as needed for
emission measurements .incfeverberation chambers, P, can be derived from E ., (see

Equation (36)) using the following equation:
ELimit [dB(uV/m)] =104,8 dB + Plimit [dB(mW)] + GS [dB] - 20 Ig (d/dRef) [dB)] (363)

If d is the medsuring distance (e.g. 3 m), and Gg is the gain of the disturbance source, which
can be replaced by up4, then

Piimit [dAB(MW)] = E| i [dB(nV/m)] — 104,8 dB — up4 [dB] + 20 Ig(d/dref) [gBY]
and with d =3 m (i.e. 20 Ig(d/dRef) = 9,5 dB) we get

Piimit [AB(MW)] = E ; it [dB(uV/m)] — 95,3 dB — pp4 [dB] (36b)
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5.7.2 Consideration and estimated values of yp; to up;

5.7.2.1 Radiation pattern of the disturbance source (up4)

5.7.2.1.1 Consideration of up,

Sources generating radiated disturbances in the frequency range above 1 GHz usually show
directional radiation pattern which have one or more main lobes and also significant notches.

The influence factor describes the margin of an averaged pattern figure of the EUT to_the
disturbance level measured at maximum beam direction.

Factor up4 increases the permissible limit and has to be added on the right hand side of
Equation (36b).

5.7.2.1.2 Estimation for the possible range of up,

In [4] an antenna gain of about 6 dB is estimated for large EUTs, .in{ the frequency range
above 1 GHz. This could be interpreted such that on average, theldisturbance field strength
may be 6 dB below the maximum value measured on the test site

In [5] it is estimated further that, for the frequency range abeve 1 GHz, measurement results
obtained at the test site, on average will be about 6 dB-helow the maximum radiation of the
disturbance sources. This means that the results obtained from test site measurements are,
on average, significantly below the limit, owing to,{he radiation pattern. Reference [4] also
gives evidence that for large increments of rotation the readings are on average 8,6 dB below
the maximum, while with smaller increments thé{readings will be on average 3 dB below the
maximum emission.

Radiation pattern of real EUTs are presented in [8]. These measurement results show that, in
the frequency range 1 GHz to 3 GHz; the average radiation pattern is regularly about 3 dB to
6 dB below maximum radiation foufd at another nearby rotation position. It can also be seen
that, at higher frequencies, the radiation pattern may branch more and more in each direction
and that single beams with small*beam widths appear.

Considering the facts in\[4], [5], and [8] it is assumed that, on average, the disturbances are
3 to 8 dB below the maximum, meaning that:

4pq ranges from 3 dB to 8 dB.

5.7.2.2 Antenna gain of the victim to the disturbance source ( up,)
5.7.2.2:1 Consideration of yp,

Radiated disturbances and wanted RF signals will usually reach the receiver's antenna from
different directions. The gain G, of the receiving antenna is available in direction of the

wanted RF field strength. The disturbance field strength can be expected from a different
direction, with the gain G,. Therefore up, represents the mean value of the difference of both

gains. This difference gives the available gain G,, for the improvement of the actual signal to
disturbance ratio R:

Gay = pp = Gy, — Gj (37)

The estimated value up, increases the permissible limit and has to be added on the right
hand side of Equation (36).
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5.7.2.2.2 Estimation for the possible range of up,

The antenna gain G,, of the radio receiver in direction of the wanted RF field strength

depends—onm the Tadio—service and—canm assume values betweenm 0 dB—(formobite—Tradio
services, such as GSM, DCS, or UMTS) and 80 dB (for certain fixed radio services). In the
frequency management, a value of G; = 6 dB is used for the gain in other directions if the gain

in the main lobe of the receiver antenna is greater than 6 dB.

In respect of EMC the following range should be used:

ILIPZZGW—GdB and ,Llp2:6dB
6dB<G,, <12dB Gy >12dB

5.7.2.3 Mobile receiver ( up3)
5.7.2.3.1 Consideration of up,

This factor takes into account that a mobile receiver can always be moved away from the
disturbance source and that the receiver will be provided, inside the radio service area, with a
wanted RF field strength which is stronger than the minimum wanted RF field strength at the
edge of the service area.

The estimated value ups increases the permissible. limit and has to be added on the right
hand side of Equation (36).

5.7.2.3.2 Estimation for the possible range of up;

From a frequency management point of view, for mobile radio services and particularly for
base stations there is a need for-mgre RF channels if radiated disturbances increase within
the wanted radio frequency (RE) band, in a given area and environment. This is the reason
why the frequency managemeént can only propose a factor of 0dB, for wups. From

representatives of other branches of industry it is required that the worst case can not be
used for the estimation of disturbance limits. From the latter perspective, it would be possible
to tolerate values for factor up, in the range of 6 dB.

Furthermore, the.mobile receiver is used rather seldom at the edge of the service area, in
particular if a‘eellular radio service is considered. Therefore the wanted RF field strength used
for calculation’of the permissible disturbance field strength should be, on average, higher than
the minimum wanted RF field strength required at the edge of the service area.

Considering the physical laws, the wanted RF field strength decreases linearly with distance
while the service area increases with the square of this distance. For consideration of the
mobility of the receiver, the wanted RF field strength at the edge of half of the service area is
used.

The service area depends on the distance by square root of the distance. The field strength
depends on the distance linearly. This means:

05-A :(%)2 -% (38)

and
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Py -Gy

E,(d)=7-
)

(39)

Under this condition the wanted RF field strength E,, used for calculation can be increased by

3 dB, compared to the minimum wanted RF field strength required at the edge of the service
area. Instead of using an increased-by-3-dB wanted RF field strength for the calculation of the
respective disturbance limit one can also continue to use the minimum wanted RF field
strength required at the edge of the service area and add the 3 dB to the influence factor up4.

The possibilities for mobile radio receivers to be used well inside a given service areajand to
extend the distance to the disturbance source by being moved away from that sourcé should
be taken into account by setting the range for the mean value up; of the influence factor from

0 dB up to 9 dB:

4ps ranges from 0 dB to 9 dB.

5.7.2.4 Emission level of the disturbance source is below the limit ( yp,)
5.7.2.4.1 Consideration of up,

Usually, disturbances from a certain source do not just-meet the limits, but have a certain
margin to them. Factor up, counts for the estimated. average of the minimum margin of the

disturbance to the limit.

The estimated value up, increases the permissible limit and has to be added on the right
hand side of Equation (36).

5.7.2.4.2 Estimation for the possible range of yp,

An EUT conforms with the limit when the maximum disturbance emission is below (or equal
to) the limit. This also means\that the difference between the limit and the disturbance is
greater than (or equal to) zero:

Contribution [7] contains an estimation of the margin to the limit for 49 samples of class A and
class B IT equipment<{The average margin to the FCC limit for all 49 products is about 12 dB.

The 273 measurement values of the margin to the limit reported in [7] are distributed over a
range from~2,6 dB to +31,9 dB.

As a result of this investigation it can be assumed that up, is usually in the range of:
Upy4 ranges from 0 dB to 24 dB.

5.7.2.5 Interference depending on the bandwidth of the radio service ( ups)

5.7.2.5.1 Consideration of ypy

For continuous broadband disturbances, the interference potential to a receiving system
depends on the wanted RF signal bandwidth of the victim receiver. The higher the wanted RF
signal bandwidth B, of the victim receiver or its respective radio service is, the higher the
interference potential would be, compared to the RF bandwidth B,,.,s of the measurement
receiver. That also means that the interference potential is lower if the RF bandwidth of the
radio service is smaller than that of the measurement receiver. Eventually, the interference
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potential of a source of broadband disturbances also depends on the ratio of the bandwidth
B, oise Of the broadband disturbance to the bandwidth of the wanted radio signals B, 4.t

actually considered.

In practice, three cases may occur that require adequate consideration.

Casea) B <B <B

want noise meas

In this case, calculation of upg shall deliver negative dB values, since not only one receiving
channel may be interfered with, but several ones.

In view of this, the permissible broadband disturbance can be described by Equation{40a) as
ratio of the bandwidth for the considered individual radio service to the bandwidth of the
broadband disturbance:

E, =Enm Buwant (40a)
B, .
noise
where:
E., is measured disturbance field strength;
Ep is permissible disturbance field strength for thercensidered radio service;
B, oise is bandwidth of the broadband disturbance;
Byant is bandwidth of the considered radio service for the wanted signal.

For estimation of the decrease required (for the permissible disturbance field strength, the
value of upg can be calculated by Equatjon (41a):

B
tps =10-logqg {Bw—am} (41a)

noise

Caseb) B <B <\B,ant

meas noise

In this case, calculation of up5 can deliver positive dB values, since the disturbance may not
occupy the whole-feceiving channel of the victim receiver concerned.

In view of'this, the permissible broadband disturbance can be described by Equation (40b) as
ratio of-the bandwidth of the broadband disturbance to the bandwidth of the measuring
receiver:

E, = Ep.| Dnoise. (40b)
Bmeas
where:
Em IS measured disturbance iield strength,
Ep is permissible disturbance field strength for the considered radio service;
Bhoise is bandwidth of the broadband disturbance;
B is bandwidth of the measurement receiver.

meas
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For estimation of a relaxation possible for the permissible disturbance field strength, the value
of upg can be calculated by Equation (41b):

sips = 10-10g1 BmiJ (41b)

meas

Casec) B B

noise—>_Bmeas-and B, . respectively
In this case of true broadband disturbance, calculation of ups can deliver positive as well as

negative dB values, since the assessment result only depends on the ratio of the wanted RF
signal bandwidth to the measurement bandwidth.

In view of this, the permissible broadband disturbance can be described by Equation (40c) as
ratio of the bandwidth of the considered individual radio service to the .'measurement
bandwidth:

= Epy [ Duant (40c)

Bmeas

Ep

where:

E,, is measured disturbance field strength;

Ep is permissible disturbance field strength fof the considered radio service;
Bieas is bandwidth of the measuring receiver;

Byant is bandwidth of the considered radio,service for the wanted signal.

For estimation of an increase or decrease allowed for the permissible disturbance field
strength, the value up5 can be calculdted by Equation (41c):

#ps =10-logqg {gw—am} (41c)

meas

The estimated value ©f up5 for broadband services has to be added on the right hand side of
Equation (36).

5.7.2.5.2 Estimation for the possible range of yp5

The value of upg can be calculated by Equation (41) and is determined by the bandwidth of
therconsidered radio service.

5.7.2.6 Ratio of the distance between source and victim to the measurement
distance ( upg)

5.7.2.6.1 Consideration of upg

Trre—timitofthedisturbance—emissiom s —specifiedfor the—test—site—witthmamormmative—fixed
measurement distance d. In practice, the actual distance r between the disturbance source
and the victim is usually quite different when the victim is used as intended.

The normative measurement distance d is 3 m. The ratio of the two distances r and d
determines the additional attenuation.
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The estimated value upg usually increases the permissible limit and has to be added on the
right hand side of Equation (36).

5.7.2.6.2 Estimation for the possible range of upg

The value of upg is calculated by:

r
Hpe = X-20-|Og10 |:E:| (42)

where

r = actual distance between source and victim;

d = measurement distance;

X = wave propagation coefficient, which is 1 in free-space propagation and somewhat

higher (1 to 1,5) for non-free-space propagation.
The estimated distance has to take into account the average distance for the intended use of

the radio equipment. Inserting practical distances into Equation (42) will provide the possible
range of upg.

NOTE In special areas, where use of mobile radio communication eguipment is not permitted, larger distances r
can be used for calculation. The estimated limit is valid only for such'environments.

5.7.2.7 Attenuation of the building ( xp7)

5.7.2.7.1 Consideration of upy

An additional attenuation between the disturbance source and the victim reduces the level of
disturbance and depends on the position of source and victim. Two options for calculating the
permissible disturbance field strength are considered: option a), where the disturbance source

and the victim are inside the building and option b), where one is inside the building and the
other is outside.

The estimated value pp%iincreases the permissible limit and has to be added on the right
hand side of Equation(36).

5.7.2.7.2 Estimation for the possible range of upy

For option.a)-it is assumed that an attenuation value in the range of 0 dB to 6 dB is suitable.
For option.b), an attenuation value in the range of 2 dB to 20 dB is assumed.

Depending on the location of the victim and disturbance source it is proposed that the
fallowing be used:

up7 ranges from 0 dB to 20 dB.

5.7.3 Equivalent EMC environment below and above 1 GHz

In 5.6.4 it is also mentioned that calculation of limits based on statistics can not be the one
and only way of estimating CISPR limits. Positive practical experience with existing limits is
also a powerful argument. For this reason, the ratio of limits at about 1 GHz as borderline
between existing limits and new limits can be considered. However, as radio services above
1 GHz are mainly based on different technologies they can be regarded more robust
compared to the analogue techniques which were the basis for limits below 1 GHz. For the
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calculation it is assumed that radio services and applications operating at frequencies above
or below 1 GHz are to be protected in the same way.

ol

:_UI Dubh d bUIII}JdI;DUII thU 2dITIT IIIUb;:U IGd;U GCIV;\JU ;II thU fIUL{uCIIby raryc dbUVU 1 U4 ao
in the frequency range below 1 GHz may be used. For this comparison consideration of the
limits of GSM (900 MHz) and DCS (1800 MHz) may be useful, owing to the fact that both
radio services have comparable functional parameters.

Table 4 contains the relevant data of protected wanted RF field strength, the CISPR limit for
measurements with a quasi-peak (QP) detector at a measurement distance of 10 m under free
field conditions, and the procedure for the estimation of an equivalent limit at 1 800 MHz for
the different measurement procedure under free-space wave propagation conditionsswith a
different detector type and a different measurement bandwidth.

Factor x (dB) takes into account a transposition of the appropriate limit from)'€ISPR 22 at
about 900 MHz from 10 m to 3 m measurement distance normally usedhfor disturbance
measurements in the frequency range above 1 GHz. This shall be added te‘\the CISPR limit.

Factor y (dB) takes into account the transfer from free-field wave propagation conditions (as
e.g. at OATS) to free-space wave propagation conditions as normally defined for disturbance
measurements in the frequency range above 1 GHz. This shall beJsubtracted from the CISPR
limit.

Eventually, the difference d between the estimated limit@nd the wanted RF field strength at
900 MHz can be used for estimation of the CISPR limit at 1 750 MHz.

Table 4 — Calculation of permissible limits-for disturbances at about 1 800 MHz
from existing CISPR limits in-the frequency range of 900 MHz

GSM at about 900 MHz DCS at about 1 800 MHz
Protected wanted RF field strength 32 dB(uV/m) 42 dB(uV/m)
Transfer limit of 37 dB(uV/m) at 10 m (37+x) dB(uV/m) -
to 3 m by addition of x dB
Transfer OATS to free space conditions (37+x-y) dB(uV/m) -
by subtraction of y dB
Transfer QP to AV detéctor @ (37+x-y) dB(uV/m) + about z dB -

Transfer 120 kHz to 1.MHz measurement | (37+x-y + z) dB(uV/m) + about 9,2 dB -
bandwidth by addition of 9,2 dB

Difference d between the CISPR limit for | d = [(37+x-y + z) dB + 9,2 dB] - 32 dB -
permissible disturbance and the wanted
RF field.strength at 900 MHz

Resulting limit for permissible - (42 + d) dB (pV/m)
disturbances at 1800 MHz

a\lIn case of CW-type disturbances the use of an average detector does not require additional corrections.
However a factor z is provided for appropriate consideration of non-continuous disturbances.

5.7.4 Overview on parameters of radio communication services operating in the
frequency range above 1 GHz and up to 16 GHz with effect to electromagnetic
compatibility

Table 5 contains a list of radio communication services operating in the frequency range
above 1 GHz and up to 16 GHz. It contains valuable data of radio parameters with relevance
to EMC. The data set out in Table 5 can be used to calculate limits for permissible
disturbances emanating from equipment, systems or even installations, in the frequency
range above 1 GHz. For such calculations and estimations, the model set out in 5.7 should be
used.
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The readers and users of the present document are invited and encouraged to accomplish the
entries in Table 5 by their own data and to submit their findings to Subcommittee H of CISPR,
which is responsible for maintenance of this CISPR Report.
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Table 5 (continued)
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uonenuayne Buip|ing
zjjoejnuew ‘2d

uofenpuaje Buip|ing
Beuvew-} ‘1d

wijoiA/03
aouelsiply ‘9d

"091100 pueqped.ig
uoissiwe jo adA] ‘gd

Hwi| mojeq
uoissiwe :pd

a|lqow S| WNdIA Y ‘ed

BuUSlUE WIOIA
jo uleg ‘zd

90JN0S
"qinisip o uieb :1d

W / @oUe)}sIp
uolje|os|

(%) Aep j1oA1e0a1 )0
awi} uonetado

gp / euusjue
WnoIA Jo ule

0
60
50
44
44

44

34
12

0

49

47

ZH/ @01AI8S olpel
40 yipimpueg

2500

100

200
2 500

1 000

(w/Af)gp/
Jalajlajul a|qelss|o

32

18| 30 000
20| 40 000
33| 14 000

19| 28 000

32
32

11

37

24| 28 000

23| 14,600

ap / Y onel
uolo8}oid

10
36
36
36
36

36

10
10

23

36

36

(w/Ar)ap/m3
ubuauis piay
pajuem pajosloid

42
54
56

69

30

55

42

42

17

60

60

59

ZH / pueq
Aouanbauy Buinleoay

5725-5875

6425 -7 125

7137 -7 413
7413 -7 425

7425-7725
9 235-9475

9185-9170

10 000 -

10500
11 400 -

12 400
12 750 -

13 250
15 320 -

15 350

(oweu)
walsAs olpey

Remote control

Fix¢d serv. PMP |5 930 -6 419

Fixe¢d service
Fixe¢d service

Narrowb, fixed
seryices

Fixed service
Demo.radio

Radar

Radio amateur

Sat| Broad./1MHz

Fixe¢d service

Fixed service
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Annex A

Excerpt from CISPR Report No. 31

Values of mains decoupling factor
in the range 0,1 MHz to 200 MHz

(This Report provides a partial answer to Study Question No. 54/1 of 1964 which remains
under consideration.)

(Stresa;»1967)

Figure 1, page 50, shows median values, standard deviations and minimum,_ values of
mains decoupling factor, defined as the ratio of voltage injected into the /mains and the
resultant voltage measured at the end of a terminated aerial feeder. Thepvalues indicated
were obtained by various authors (see references below) under différent conditions of
measurement. They generally apply to an asymmetrical source connéected in a random
manner between the "phase" and "null" conductor of a single phase Mains supply system *
and to well screened receivers. In the frequency range up t6\30 MHz, the data apply
mainly to receiving installations with indoor aerials (excluding:\ferrite aerials); above this
frequency, most of the coupling measurements were made|at installations with outdoor
aerials.

In Figure 2, page 51, an attempt is made to synthesizethe available data, taking as far as
possible account of the differences between the various sources. It is believed that the
curves shown represent a conservative estimateof the decoupling factor to be expected
between sources and receivers located in the same or immediately adjoining apartments
of the same building.

Figure 3, page 51, shows typical distributions of measured values which may be used to
determine decoupling factors for a percentage of cases other than 50%.

References

vi)

vii)

S. Whitehead: A tentative statistical study of domestic radio interference. Journal IEE,
p. ., vol. 90 - 1943.

V. P. Pevnicki, F. E. llgekit: Charakteristiki systemi podavlenia radiopomech.
Elektricestvo 1956,:Nr. 6.

V. V. Roditi, M. St'Garcenstein: Priomnye antenny i industrialnye radiopomechi.
Radiotechnikat956, Nr. 9.

Reports ofthe Research Institute of Telecommunications (VUS) - Prague Nr. 339/1961
and Nr.~1968/66.

Intefim'Report VUS 1965/1966.
Bocument C.I1.S.P.R.(U.K.)376.
Documents C.I.S.P.R./WG6(U.K./McLachlan) 6,7.

Secretarial Note. The C.I.S.P.R. Secretariat does not hold copies of the above documents. If these are required,
application should be made to the National Corresponding Member of the Working Group concerned.

*
In

the United Kingdom measurements, the asymmetrical source was connected between the earth conductor and

the line and neutral conductors connected together in the manner indicated in Figure 4A, page 52.
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APPENDIX A TO REPORT 31

In the measurement of mains decoupling factor, the following principal requirements must be

observed:

1. The internal resistance, the symmetry to ground and the polarity of connection to the
mains of the signal source used for measurement should correspond to similar parameters
of actual appliances.

2. The output voltage of the source should be measured by the methods used for checking
compliance with limits.

3. Throughout the whole measurement, actual receiving aerials as found at the measured
locations should be used.

4. The input impedance of the measuring receiver should approximate, as ‘closely as
possible, to the value of the input impedance of normal receivers.

5. The sites investigated should correspond qualitatively and quantitatively~to the location at
which the results will be used.

The statistical evaluation is usually carried out as if the data belonged' to a single statistical
set of random values. Using this method, the range of distances Wp*to which measurements
are carried out becomes very important because the average vatue and spread measured at a
given site depends not only on the properties of the electricaltinstallations and on the building
attenuation, but also to a great extent on the area paround the source covered by
measurements. For example, by increasing this area, it isypossible to obtain a lower average
and higher spread of the decoupling factor. It is therefore necessary to limit the extent of data
used for statistical evaluation to decoupling factors~for which interference might still be
expected with a given terminal voltage limit, a given protection ratio, and a given minimum
usable sensitivity of receivers.

The decoupling factor a5, beyond whichlinterference is no longer likely to occur and which

ought consequently to be excluded fromthe evaluation, may be calculated from the following
equation:

L- 8max =S—P
where
amax = Maximum degoupling factor (in decibels)
L = terminalvoltage limit (in decibels over 1 uV)
s = minimum usable sensitivity of receivers considered (in decibels over 1 uV)
p = protection ratio (in decibels).
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Annex B
(informative)

Conversion of H-field limits below 30 MHz for measurement distances

B.1 Background

In order to determine the H-field conversion factor within the boundary of the test environment
containing the ground plane, a commercial 3D full wave simulation tool has been used and
the calculation thereof along with measurement records are provided in the following
paragraphs.

Figure B.1 illustrates a designed model using a commercial tool. The dimension ©f the ground
plane is 30 m x 40 m. The radius of the loop antenna, which is 0,6 m and the|centre of the
antenna is 1,3 m above the surface of the ground plane. For the measurement of field, the
probes are located at 3 m and 10 m, both at coaxial and coplanar directioh.(a: coaxial at 3 m,
b: coaxial at 10 m, c: coplanar at 3 m, d: coplanar at 10 m).

Loop antenna (60 cm) (19\)

40 m

Loop antenna.(60 cm) a, b

d C
OO,
c y
Ground plane X

Loop antenna (60 cm)

1,3 m
(¢}
o
N

Ground plane

IEC

Figure B.1 — Commercial tool model for H-field conversion
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Figure B.2 depicts another designed model using a commercial tool, and the ground plane
has been removed in order to apply image theory with an additional virtual loop antenna
positioned at 1,3 m below the ground plane that has been removed. This model is intended to

Measure coaxial and copfanar directiom component fron the same probe.

Loop antenna (60 cm)

a_ b c
- — — —

!
T

0L X

Loop antenna (60 cm)

Loop antenna (60 cm)

© @@@/

2,6 m

O__

Loop antenna (60 cm

)
|
|

_a/ ®
<

2,6 m

IEC

Figure B.2 — Commercial tool model for the application of image theory
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Figure B.3 shows the scene of OATS where measurement is carried out at 1,3 m height from
the centre of the antenna with 3 m distance between antennas at coaxial and coplanar

direction, respectively.

IEC

a) Measurement at coaxial direction at 3 m

Q’\

N
R\

b) Measurement at,coplanar direction at 3 m

.

IEC

Figure B.3 — Photos of OATS measurement setup

Figure B.4 is a graphical presentation which allows us\ t0O compare the results from a
simulation both at coaxial and coplanar directions wherethe ground plane using a commercial
tool is included and where image theory has been applied. It suggests that the simulation

result from each model almost agrees.

Figure B.5 presents comparison results betweenthe H-field conversion factors determined by

using commercial tools and measurement data;

€ Ground plane above 1,3 m
< 10
S
)
T 0
=~ Coaxial_3 m
h=t —=Coplanar_3 m U
é -10 . Img_coaxial_3 m
T 20 —— Img_coplanar_3 m
-30
[ |
32,8 Mhz|
-40 ‘//
-50 R \
~#77132,1 Mhz]
-60 i
0,1 1 10
¥ Frequency (MHz)
IEC

H field

Ground plane above 1,3 m
0 T T T T T
E Coaxial_10 m
—10 Coplanar_10 m I
-20 Img_coaxial_10 m ||
—— Img_coplanar_10 m|{
-30
-40
//
-50 74
-60 [10,95 Mhz| ,/ an
-80 1 — T "\
% o \11,65Mhiz‘: ]
~100 -
0,1 1 10
¥ Frequency (MHz)
IEC

Figure B.4 — Comparative simulation result
with ground plane and with image theory
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Figure B.5 — Comparison between the simulated
conversion factors and the measurement results

B.2 H-field conversion factors obtained from simulation-results

The conversion factors of measurement distances of 3 m and” 10 m are derived from the
measurement distance of 30 m under the test environmentwith the ground plane for H-field
measurement.

The H-field limit in dBUA/m at 3 m, H,, is determined from Hs,,, by the following equation:

H3m = Hzot * C3_min (B.1)

where
H3om is the H-field limit in dBuA/m*at 30 m distance;

C3 min Is a conversion factor in dB as shown in Figure B.6 and Table B.1
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Conversion factor 30 m to 3 m (dB)

70
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40

30

20

10

0,1 1
—C,_H, (dB) — C3_H, (dB)

Figure B.6 — Conversion factor€;

Table B.1 — Conversion‘factor C; .in

ol CS_min (dB)

IEC

Frequency C,_H, Cs_Hy cs_min
MHz dB dB dB
0,01 (or 0,009) 55,3 57,2 55,3
0,15 55,5 57,3 55,5

1 54 .1 58,2 54,1

2 51,5 53,6 51,5

2,4 50,5 50,5 50,5

3 49,1 46,3 46,3

5 45,7 36,7 36,7

10 41,2 25,1 251

11 40,7 23,9 23,9

12 40,3 23,0 23,0

13 39,9 22,4 22,4

14 39,5 22,0 22,0

15 39,3 21,7 21,7

20 38,3 21,2 21,2

30 37,5 21,1 21,1

The H-field limit in HR:_!A,Im at 10 m- I—II

ume

iIs determined from H
SUum

bv the followina eauation:
Y g g
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Hiom = Hzom * C10_min (B.2)
where
H30m IS the H-field mit In dBPA/m at 30 m distance,;
Cio0 min is a conversion factor in dB as shown in Figure B.7 and Table B.2.
]
35
) —
20 ~
\ NN
15 xS '
10 NS
5 :
0 T : -
0,01 0,1 1 10 MHz
= Cyo_Hx (dB) &= Cyo_H, (dB) = Cyo_min (dB)

Figure B.7 — Conversion factor Cyy i,

IEC
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Table B.2 — Conversion factor Cyg nmin

Frequency Cio_H, C,o-H C10_min

MHz dB dB dB
0,01 (or 0,009) 28,0 28,3 28,0
0,10 28,0 28,3 28,0
0,15 28,0 28,3 28,0
0,2 27,9 28,3 27,9
0,3 27,9 28,4 27,9
0,4 27,8 28,5 27,8
0,5 27,7 28,7 27,7
0,6 27,5 28,8 27,5
0,7 27,3 28,9 27,3
0,8 27,2 29,0 27,2
0,9 27,0 29,1 27,0
1 26,7 29,1 26,7
1,9 24,8 24,9 24,8
2 24,6 241 241
3 22,9 16,7 16,7
5 21,0 10,5 10,5
10 19,4 9,9 9,9
20 19,0 10,3 10,3
30 18,9 10,3 10,3

The H-field limit in dBuA/m at 3 m, Hj.,\can be also determined from H,g,

equation:

H3m = Hiom * C10-3_min
where
Hiom is the H-field limit in dBuA/m at 10 m distance;

C10-3_min

is a conversion factor in dB as shown in Figure B.8 and Table B.3.

by the following

(B.3)
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