BSI Standards Publication

Study Report on Electroimagnetic
Interference between Eiectrical
Equipment/Systems in the
Frequency Range Below 150 kHz

[
bSlo ..making excellence a habit’


https://www.stdhive.com/standards/bs-pd-clctr-506272015-pdf/

PD CLC/TR 50627:2015

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of CLC/TR50627:2015.

The UK participation in its preparation was entrusted to Technical
Committee PEL/205, Mains signalling.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2015.
Published by BSI Standards Limited 2015

ISBN 978 0 580 85332 6
ICS 33.100.01

Compliance with a British Standard cannot confer irimun:ly from
legal obligations.

This Published Document was published under the =t thority of the
Standards Policy and Strategy Committee on.31 Lecer iber 2015.

Amendments/corrigenda issued since pualication

Date Text affected



https://www.stdhive.com/standards/bs-pd-clctr-506272015-pdf/

PD CLC/TR 50627:2015

TECHNICAL REPORT CLC/TR 50627
RAPPORT TECHNIQUE
TECHNISCHER BERICHT November 2015

ICS 33.100.01

English Version

Study Report on Electromagnetic Interference between Electrical
Equipment/Systems in the Frequency Range Below 150 kHz

Rapport d'étude sur les perturbations électromagnétiques Studienbericht tber elek! omc 1netis ~he Interferenz
entre les équipements / systemes électriques entre eux zwischen elektrische Be . iebsi . #:l/Systeme im
dans la plage des fréquences inférieure a 150 kHZ Frequenzbereich u. ter 150 kHz

This Technical Report was approved by CENELEC on 2015-11-02.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgar. > .C.oatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germai'y, Greece, Hungary, Iceland, Ireland, Italy, Latvia,

Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romar..», slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2015 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. CLC/TR 50627:2015 E


https://www.stdhive.com/standards/bs-pd-clctr-506272015-pdf/

PD CLC/TR 50627:2015

CLC/TR 50627:2015 (E)
Contents Page
EUropean fOr@WOId ......... .. s e e s e s e mms e e e s ee s e mmne e e e s san s smmnne e e eeaa s nnnnnnes 4
Lo Yo 11T T o 5
1 T o o - 6
7 € 7Y o - - | 6
3  The frequency range from 2 kHz t0 150 KHz...........ccociiniimiiniin e e
3.1 Challenges in terms Of EMI.........coo i ccccceriir s scsse e s s s ssss s e s e s s s amn e e e s e s s e s s mmme e e e e nnsnnanns L
3.2 Frequency ULIliZation ....... ... n s mnmnmnm s nmnmnmnmnmnnannn N 10
3.3 The impact of voltage / current Shapes.......cccccovcccceeieiiii s e . 12
3.4 101 L= = Tod £ T =T 10T ] 4 1= o | P S 16
4 Emissions, measurement and test results..........cccocciiiiiics e e e 16
4.1 7= o = | S OSSR 16
4.2 Noise measured in @ blIoCk of flats .........ooo e s 17
4.3 Lighting equipment ... s sl s ———— 17
L i O €71 o =Y | S N 17
4.3.2 Compact lamPsS .....coooiiiiiiirie e s S e nee e e e e e nanan 17
4.3.3 Fluorescent lampPs ... msnr e as eeens esssssmseesseesssssssnneeeseeaaaaanan 18
3 S T 0 T oSSR 19
4.4 Portable mains powered tOOlSs....... ... e ee ecececesenesensnsssssnsmensnn———————————nnnsnnnnana. 20
451 General..... e e eerreeanreressarereasarereasannereesaaneeeesannees 21
4.5.2 Austrian lab tests on inVerters ... i ———— 22
4.5.3 Active Infeed Converters ........ccceccerrreeerrnncnnnd LD AR 22
4.54 PVinverters ... . 24
4.5.5 Italian lab and field MeasuremMents............../ oo 25
4.5.6 Power electronics in an Intelligent Distribution Station ..., 27
4.6 POWET SUPPIIES.....ciiiiii ittt 28
4.6.1 General.........ccoooiiiiiiiiccer e e R 28
4.6.2 Power supply with PLC signal on D ot 28
4.6.3 Power supply of @ TV reCeIVEr. ci i s 28
4.6.5 Power supplies in communice tiuntechNology .......cccoovviiiiiririrrsrsrrr s 29
4.7 Other equipment — Rectifier i@ coil tOWEr ... e 31
5 EMI cases, measurement and inSt YE@SUILS .......cceiiiieeiiiii i e s s rr s s e e e s s n s e s na e renan 32
5.1 7= g = | S 32
5.2 EMI due to conduc®2d €1.5iSSIONS.....ceiiiiiiiiieeir s 33
5.21 EMI to lighting 2quinment............ s ssssssss s s s sns s s s s s s nsnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 33
5.2.2 EMI to electi 2ty MELerS ......cccccciiiiccieiicsere e s e e s ssssr s s s e e s s smr s s s sme e s s s s me e s sssane e s ensaneensnsanes 33
5.2.3 EMI to mains ccinmunicating systems (MCS)..........ccoccciiininiimn s 34
5.2.4 EMIto ncdical @qUIPMENt ... s 50
6 Standardiz. tioi. for the frequency range 2 kHz to 150 kHz. Conformity and time........................... 57
6.1 St ndardization SitUAtioN ... .o 57
6.2 Tanformity and timMe ... e s n e e nn e e e e e e eaan 62
7  loticns for improved safeguarding EMC ... rrcere s eseme e me e e enns 62
7.\ For equipment / systems in general ............cciiiiiiiicccseiee s re e sssse e s e s nnn e e e e e e 62
7.1.1  Filter appliCation .......ccccociiiiccccrrrrrrrrr s s 62
7.1.2 MoOVE from PLC tO RF ... e e cmr e e smr s s e e s e e s esssme e s mmn e s e an e e e e mn e e e e mne s nnnnns 63
7.1.3 Frequency allocation management.............cccccrrirriirrnnrnrrsnsssssssss s s snnnes 63
7.1.4 Move to broadband liNES .........cccociiiiiiiiciiirir s mn e e e s s s s snmn e e e e s s s mnnns 64
7.1.5 Notching on transmitter side vs. selectivity on receiver side...........ccccevrrriririinciininniennnnnns 65
7.2 For PLC in particular — Move to higher frequencies..........cccccccmiriiinniinn e 67
L= N 0 T o e 11 1= 1o o 1= 69


https://www.stdhive.com/standards/bs-pd-clctr-506272015-pdf/

PD CLC/TR 50627:2015
CLC/TR 50627:2015 (E)

£ RN & =Y 4 0] 4 U= Vo F= 14 Lo o 1= 74
Annex A (informative) Acronyms and abbreviations ...........ccccoiiiiccciemriniinsc s 77
=11 1o Yo T ] 437/ 80


https://www.stdhive.com/standards/bs-pd-clctr-506272015-pdf/

PD CLC/TR 50627:2015
CLC/TR 50627:2015 (E)

European foreword

This document (CLC/TR 50627:2015) has been prepared by CLC/SC 205A "Mains communicating systems".

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CENELEC by the European Commission and
the European Free Trade Association.

This Technical Report provides useful information for standards related to the following European ManJ'ate(s):
M/441, M/490.

This Technical Report is based on the Study Report “Electromagnetic Interference b >twe>n rtlectrical
Equipment / Systems in the Frequency Range below 150 kHz” of SC 205A (SC 205A/Sec035/R:April 2013)
(second edition) [1b], with some update according to the developments that have taken plice since.
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Introduction

In April 2010, CLC/SC 205A" published their first Study Report on “Electromagnetic Interference between
Electrical Equipment in the Frequency Range below 150 kHz” [1a]. Related studies had been made and
information gathered due to first cases of EM interference, with Touch-dimmer lamps (TDLs) as an EMI victim,
an inverter as an EMI source, and automated meter reading systems using powerline communication (AMR-
PLC) figuring as EMI victims as well as sources.

Following this first CLC/SC 205A Study Report, its second edition [1b] and, based on it, this Technical Report
aims at:

a) highlighting the broad relevance of recognized electromagnetic interference for safeguarding EMC
also in the frequency range 2 kHz — 150 kHz;

b) extending knowledge about:

1) EMI cases having been observed between electrical equipment in the frequ =nc, rarye
2 kHz to 150 kHz, with an emphasis on interference between:

i) electrical equipment and its non-intentional emissions 'NIE);

ii)mains communicating systems (MCS) using (pow.rline
communication) PLC technology with intentionc' sig al iiijection for the
transmission of information over the elec'ririty supply network;

2) different mechanisms causing interference to electrical equipn. ¢ due to non-intentional
or intentional voltage/current components in the concide -ed frequency range;

as a basis for evaluating the need for closing the recognized gap /.1 sta dardization as highlighted in the
first edition, and considering the recent developments; that:

c) without evaluating certain types of electrical equipment ccnce ming applied technology or priority;

d) and with regard to:

1) problems having occurred with operational equipment of distribution network operators
(DNOs), in particular related to sr art metering and smart grids control and monitoring
equipment;

2) complaints by network usere-*a (~'iverers and subsequently by deliverers to DNOs or by
network users directly to "b<irc.DNO, about degradation or loss of function of certain
electrical equipment;

3) in both cases netwnrk ('sers as well as deliverers are primarily annoyed by the troubles
they are experiercing w:.h electrical equipment they have traded or bought, trusting in its
interference-free ~perability, which they expect due to the CE mark.

This TR is based on:

e) reports on EMI cas s ai d, following related complaints, investigations performed by an accredited
test house, universitie. DNOs, manufacturers and consultants;

f)  measuremen’s p=rformed by an accredited test house, universities, DNOs, manufacturers and
consultant=. 1. both cases to extend knowledge of emissions from different equipment in the
considered 1. 2quency range, in case of the occurrence of EMI:

1) to identify the actual interference source;
<, to clarify the interference mechanism;
3) to evaluate mitigation measures;
q1) *he present standardization situation and its actual development.

1) CLC/SC 205A Mains communicating systems.
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1 Scope

This Technical Report is based on two Study Reports of CLC/SC 205A, having been worked out by their Task
Force EMI [1a][1b] and provides the results and findings of these documents. It was created with the help and
input from a broad range of involved stakeholders: network operators, equipment manufacturers, universities,
accredited test houses and consultants.

Beside the actual standardization situation it reflects the current emission situation found in supply networks
and installations and describes electromagnetic interference (EMI) cases from twelve countries; investigation
and analysis of the latter show a wide range of different types of electrical devices to be considered as a
source or a victim of related EMI.

This Technical Report highlights the occurrence of high levels of non-intentional emissions (NIF) in the
considered frequency range, including values up to and exceeding the standardized limits for:intenational
signals from mains communicating systems (MCS), which also implies a high potential to cause EM. to cther
electrical equipment. On the other hand, several types of equipment show susceptibility to related ¢ missions,
being insufficiently immune.

The Technical Report addresses the following issues:

— anumber of different types of electrical equipment are generating such emissions‘ana.or are susceptible,
to such, thus representing EMI potential, as a source or a victim of such EMI;

— the interaction of electrical equipment in a certain supply area respectivaly..stai.~%on, with its complex
and volatile impedance character, as having an additional EMI potential; .. »at t 2sides NIE from general
electrical equipment and signals from MCS and technically being quite diffei 2nt from emissions;

— the fact that besides the conducted interference also radiated intenor ciic2 from NIE or signals from MCS,
through the magnetic H-field following to related currents on th/: mainy, is to be considered, what is of
some importance also for the interference-free operation. of hrocdc-.st time-signal systems or electronic
circuits controlled by such;

— the ageing of electronic components in electric equipn ent, which causes increased emissions and EMI to
other electrical equipment as a result of not showing the zame EMC characteristics as before being
placed on the market, therefore no longer being.able to conform with EMC requirements;

— the additional aspect of differential mode opei aiina, which should be considered for related immunity and
testing specifications.

These findings confirm that EMI in this.fre \ue'icy range is not limited to single types of equipment like
inverters or MCS; instead a more general ~lectromagnetic compatibility (EMC) problem concerning a larger
spectrum of electrical equipment is ic2ntii'ed.

Although a case-by-case mitigai o7 of related EMI cases might be seen as appropriate, the increasing
application of technologies ar-. sysizins with related EMI potential requires a more general solution, through
standardization, taking a b~'anc~d viewpoint of EMC and economics into account. With regard to the actual
standardization situation, 1 re iew of the actual EMC and Product standards based on the reported results
seems to be advisable.

After initiating the work 'n CLC/SC 205A, the now ongoing work in IEC SC 77A, as well as the publication of a
related Technice' Renort on testing electricity meters [2] by CLC/TC 13 and of the new Immunity testing
standard EN 6100c-4-19 [99], appear as right steps into the right direction but needing further, extended
efforts.

As statel' on E Jropean as well as on international EMC standardization level, the availability of compatibility
levels ‘or ti.e considered frequency range appears as a key-requirement for future considerations on setting
reiawd emission limits and immunity requirements in various standards. A fundamental basis for the co-
ex’'sterice of intentional signals from MCS and NIE needs to be found.

2 General

When talking about EMI in the frequency range 2 kHz to 150 kHz it is appropriate to highlight the development
of electricity application respectively the use of the electricity supply network during the past decades, which is
characteristic for the today’s given situation; this development has led to:
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