TR CISPR 18-2:2010(E)

TR CISPR 18-2

Edition 2.0 2010-06

TECHNICAL
REPORT

NTERNATIONAL SPECIAL COMMITTEE ON RADIO INTEREER

&
aws and high-voltage

edure for determining limits

R

F



https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

, rue de Varembe
CH-1211 Geneva 20
bwitzerland

EFmail: inmail@iec.ch
[Veb: www.iec.ch

About the IEC

Thee International Electrotechnical Commission (IEC) is the leading global org
Infernational Standards for all electrical, electronic and related technologies.

About IEC publications

Thee technical content of IEC publications is kept under constant revi . he
latest edition, a corrigenda or an amendment might have been published:

= Catalogue of IEC publications: www.iec.ch/searchpub
Thee IEC on-line Catalogue enables you to search py.a variety
It also gives information on projects, withdrawn and replaceg

= |EC Just Published: www.iec.ch/online_news/justpub
Stay up to date on all new IEC publications. Just Published detai € b
ontline and also by email.

e

" Flectropedia: www.electropedia.org
The world's leading online dictionary of ele i e ns
in |English and French, with equivalent\terms in i tal

Vdcabulary online. m
= Customer Service Centre: www.iee.ch/webstorelcusts

rv

If you wish to give us your feedback en“this publication or need further assistance, please visit the Customer Serv|ce
Cqgntre FAQ or conta

Email: csc@iec.ch

Te.: +41 22 919 02 11

Fax: +41 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2

Edition 2.0 2010-06

TECHNICAL
REPORT

=
_|
m
Py
Z
>
-
(@)
p
>
—
%
T
m
)
>
—
Q
©)
<
=
_|
_|
m
m
©)
Z
X
>
9
(@)

o u |

2adio interference characteristic
quipment —
'art 2: Methods of measuremen

of.overh a ower ines and high-voltage

T O

re for determining limits

&
e
S

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE XB

ICS 33.100.01 ISBN 978-2-88912-017-8

® Registered trademark of the International Electrotechnical Commission


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

-2- TR CISPR 18-2 © IEC:2010(E)

CONTENTS
FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 6
INTRODUGCTION ...t et e ettt et et et et e e e e e et e et e et e eaaeennes 8
I T o7 o o 1= TP 10
2 NOrMatiVe FefErENCES . o 10
3 Terms and definitioNs . ... e 11
4 —Measurements ———————— 1
4.1 Measuring inStruments . ... e N 1
4.1.1 Response of a standard quasi-peak CISPR measuring receiver to a/c.
generated COronNa NOISE ........ovvvvviiiiiiiiieni e e )t 1
4.1.2 Other measuring instruments............coooiiii AN A e N 2
4.2 On-site measurements on HV overhead power lines 2
4.21  General oo NN N e e Nt e 2
4.2.2
4.2.3 Measurements in the frequency range from

4.3
4.4
4.5

State of the test object
Testarea....ocoocee oD

5.1.\Overview
5.2 Significance of CISPR limits for power liN€s ..........c..cooiiiiiiiiii e P4
5-3—TFechnicat-considerationsforderivationof-tmitsfortires————————— 25
5.3.1  BasiC approacCh ... 25
LR T o7 0 o = 25
5.3.3 Minimum broadcast signal levels to be protected.................coooiiiiinl, 26
5.3.4 Required signal-to-noise ratio...........occoviiiiiiiiii 27
5.3.5 Use of data on radio noise compiled during measurements in the
111 o 28
5.3.6 Use of data obtained by prediction of the radio noise from high-
voltage overhead power NS .......c.iiiii i 29
5.4 Methods of determining compliance of measured data with limits .......................... 30
5.4.1  LoNG-term reCOrdiNg ouovuie i e 30
5.4.2 Sampling Method.........ooiiiii 31


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) -3-

5.4.3  SUINVEY MethOdS . ... 31

5.4.4 Alternative criteria for an acceptable noise level..............coooeiiiiiiiinnl. 31
5.5 Examples for derivation of limits in the frequency range below 30 MHz ................. 32

5.5.1 Radio reCeption ..o e 32

5.56.2 Television reception, 47 MHz t0 230 MHz ... 33
5.6  Additional remMarks ........ooeiii e 34
5.7 Technical considerations for derivation of limits for line equipment and

HVAC SUDSTAtIONS ..o 34

5++—6Gererat—m——— 34

5.7.2 Current injected by line components and hardware
5.7.3 Current injected by substation equipment ..................o. 0 T O
5.7.4 Practical derivation of limits in the |.f. and m.f. band
6| Methods for derivation of limits for the radio noise produced by in

6.1 General considerations
6.2  Insulator types.....cooveiiiii e S NN A N D e
6.3 Influence of insulator surface conditions............ 2 5 N e N T,
6.3.1 General......c.coeviiiiiii
6.3.2 Clean inSulators ........coooviiiiiiiiii o DN B e e e e e e e e e e e e e
6.3.3 Slightly polluted insulators

6.3.4 Polluted insulators..../\........
6.4 Criteria for setting up radio
6.4.1 General.......coooeviics e NG

6.5

7.1
7.2

7.3

uction of the radio interference due to direct radiation from the

ValVe hall . e 44
74" Conducted interference along the transmission lines............c..coooiiiiiiiiiiii i 45
741 Description-ofthe-mechanismandtypical longitudinal profiles—— 15
g P ;4 g
7.4.2 Reduction of the interference conducted along the transmission lines........ 45
7.5 General criteria for stating limits...........ooiiiii i 46
28 T T O 1 =Y Y U 46
7.5.2 Direct radiation ........cooouiiiii 46
7.5.3 Propagation along the lINes ..o 46
8 R UI S ot e 48
Annex A (informative) Radio interference measuring apparatus differing from the
CISPR basic standard inStruments ... ... e 62

Annex B (normative) List of additional information to be included in the report on the
results of measurements on operational iNES ...........cccooiiiiiiiiiiii e 63


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

-4 - TR CISPR 18-2 © IEC:2010(E)

Annex C (informative) Minimum broadcast signal levels to be protected — ITU

FECOMMENAATIONS .ottt et ettt e e 64
Annex D (informative) Minimum broadcast signals to be protected — North American

STANAANAS ..ot e 65
Annex E (informative) Required signal-to-noise ratios for satisfactory reception................... 66
Annex F (informative) Derivation of the formula for the protected distance........................... 69
L1 o 10T =Y o1 2 12 70
Figure 1 — Transformation of pulses through a CISPR measuring receiver..............cc.........(0 48

as a function of the relative air
ted conditions, of a standard
noise" insulator (- - =) ..ooiviiiiie h6

alyés and in thyristor valves............coooiiiins b6

Figure 15 — Exam § ectra of the radio interference recorded outside
thee hall of a me onverter station with and without toroidal filters.................... b7

Figure 20 — Frequency spectra of radio interference at 20 m from the electrode line at
1,5 km from the Gotland HVDC link in Sweden with mercury arc groups or thyristor
Lo o 10T o 13T g o T o X< =1 1 oY o 60

Figure 21 — Frequency spectra of radio interference at 20 m from the electrode line at
1,5 km and 4,5 km from the Gotland HVDC link in Sweden with mercury arc groups in
(o oX=] =1 (1] o U PO RPRT 61

Figure 22 — Frequency spectra of the radio interference recorded along a 200 kV d.c.
line, at 20 m from the conductor, at different distances from the converter station ................ 61

Table 1 — Number of n sets of measurement of the radio noise level and
corresponding values for factor K ..o 16


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) -5-

Table 2 — Minimum usable broadcast signal field strengths in the v.h.f bands
= TodoTo o |1 T T (o TN O O 1 =

Table 3 — Recommendations for the radio noise voltage limits and for the test methods
for insulator sets installed in different @areas..........c.cooiiiiiiiiii

Table C.1 — Minimum field strength ...
Table C.2 — Nominal usable field strength...........coii
Table D.1 — Signal levels at the edge of the service area in North America...........................
Table E.1 — Summary of signal-to-noise ratios for corona from a.c. lines (Signal

mfasured with average detector, noise measured with quasi-peak detector)...................... .

Table E.2 — Quality of radio reception or degree of annoyance due to RFI.................... ;s .

@%
G



https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

-6 - TR CISPR 18-2 © IEC:2010(E

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

Part 2:- Methods of measurement

)

and procedure for determining limits

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide orgamzatlo i en cagmprisi
all national electrotechnical committees (IEC National Committees). is to promd
international co-operation on all questions concerning standardization in he elec onic fields
this end and in addition to other activities, IEC publishes Internation al” Specificatiof
Technical Reports, Publicly Available Specifications (PAS) and eferred to as ‘I

Publication(s)”). Their preparation is entrusted to technical commi D E ational €ommittee interest

in the subject dealt with may participate in this preparatp , governmental and nd
governmental organizations liaising with the IEC also partigipate—i i arati IEC collaborates clos
with the International Organization for Standardization ith” conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEG on ch >n€arly as possible, an internatiof
consensus of opinion on the relevant subj SinCe \_techhical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations ernational use and are accepted by IEC Natio
Committees in that sense. While all reasonable nade/to ensure that the technical content of |
Publications is accurate ¢ he way in which they are used or for &
misinterpretation by any end

In order to promote intg Natlon | Committees undertake to apply IEC Publicatio
transparently to the maxim national and regional publications. Any divergen|
between any IEC Publica sp ding\national or regional publication shall be clearly indicated|i
the latter

IEC itself does not/proVvi ¢ on of ‘conformity. Independent certification bodies provide conformii
assessment service i e acCess to IEC marks of conformity. IEC is not responsible for g
services carried qut ification bodies.

All users sho S e latest edition of this publication.

No liability shall atta its directors, employees, servants or agents including individual experts a
members of its ica itteés and IEC National Committees for any personal injury, property damage
other damage ‘of At e whatsoever, whether direct or indirect, or for costs (including legal fees) a
expenses~arising publication, use of, or reliance upon, this IEC Publication or any other I

Publications:

Attention is\drawn~to t
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
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

e Normative references cited in this publication. Use of the referenced publications]i
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€ maliln taskKk ol TEC technical committees IS 10 prepare International Stanaards. 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".

CISPR 18-2, which is a technical report, has been prepared by CISPR subcommittee
Interference relating to industrial, scientific and medical radio-frequency apparatus, to other
(heavy) industrial equipment, to overhead power lines, to high voltage equipment and to
electric traction.

B:

This second edition cancels and replaces the first edition published in 1986. It is a technical
revision.
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This edition includes the following significant technical changes with respect to the previous
edition: while the first edition of CISPR 18-2 only considered the direct distance D, for the
establishment of standard profiles for the lateral radio noise field emanating from HV
overhead power lines, this second edition now also allows for use of the lateral distance y, for
these purposes. This way it allows for conduction of on-site measurements and simplified
recording and use of measurement data obtained at lateral distances y slant to the pathway of

modern HV and UHV overhead power line constructions with tall suspension towers.

The text of this technical report is based on the following documents:

DTR Report on voting
CISPR/B/494/DTR CISPR/B/502/RVC

Full information on the voting for the approval of this technical re
rejport on voting indicated in the above table.

Allist of all parts of the CISPR 18 series can be found
interference characteristics of overhead power lines/and._hi
website.

TrLe committee has decided that the <conte
th

refated to the specific publication. At thisdate,

* | reconfirmed,
* | withdrawn,

* | replaced by a revise
* | amended.

Albilingual versic@

v bé issued at a later date.

ne

til
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INTRODUCTION

This technical report forms the second of a three-part publication dealing with radio noise
generated by electrical power transmission and distribution facilities (overhead lines and
substations). It contains recommendations for conduction of on-site measurements of
electromagnetic noise fields in the vicinity of high-voltage (HV) overhead power lines and
substations and for determination of limits for protection of radio reception.

The recommendahons g|ven in th|s part 2 of the CISPR 18 series are mtended to be a useful

low:

RECOMMENDATION No.

METHODS O
oV AD

OK RADIO INTERFERENCE CAUSED BY
’HIGH-VOLTAGE EQUIPMENT AND
OR DETERMINING LIMITS

The CISPR

CONSIDERI

a on of the radio interference characteristics of overhead power lings
quipment has been published in CISPR 18-1,

b measurement of these characteristics need to be established

c)| that mational authorities require guidance on the procedure for determining limits of sugh
radio interference.

S an i
R_\JUIVIIV |t

That the latest edition of CISPR/TR 18-2, including amendments, be used for methods of
measurement of radio interference characteristics of overhead power lines and high-voltage
equipment and for procedures for determining limits.

CISPR/TR 18-1 describes the main properties of the physical phenomena involved in the
production of disturbing electromagnetic fields by overhead lines and provides numerical
values of such fields.

In CISPR/TR 18-2 methods of measurement and procedures for determining limits of such
radio interference are recommended.
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The methods of measurement in CISPR/TR 18-2 detail the techniques and procedures for use
when measuring fields on site near to an overhead line and also the techniques and
procedures for making laboratory measurements of interference voltages and currents
generated by line equipment and accessories.

The procedures for determining limits define the expected values of radio noise field and the
width of the "disturbed" corridor following the route of the line.

This corridor takes into account the effective field strength of the wanted signal, the signal-to-

naoise ratio selected and the nvpnr\fnd cfrnngfh of the noise field for a gi\lnn line

The procedures are only valid for long and medium waves as the procedu i to
VHF frequency-modulation broadcasting have not yet been decided,/ due “to insufficient
knowledge.

Itis emphasized that this part of CISPR 18 does not specify a single
infernationally. Rather it details the procedures to enable natiopala
where it is decided there is a need for regulations.

o
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RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

Part 2: Methods of measurement
and procedure for determining limits

Scope

A BS
ar of
m

The clause on limits concentrates on thé\ow f is
o o
e e
bd

have not yet been fully resolved. Site at
lepvels of noise from po [ at
interference is unlikely to‘k

The values of limits gi of
pn‘Etection to the of
the appropriate trap ne
lepst favourable con to
pr er
sq DN
ar

The measuring\a Id
cq 6,

Normative references

Ti

T fofftowing Teferenceddocuments —are imaispensapte for the—appticatiomof thisdocume

1.

For dated references, only the edition cited applies. For undated references, the latest edition

of

the referenced document (including any amendments) applies.

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

IEC 60060-2, High-voltage test techniques — Part 2: Measuring systems

* The figures in square brackets refer to the Bibliography.
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CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 16-4-3, Specification for radio disturbance 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/TR 18-1:2010, Radio interference characteristics of overhead power lines and high-

vltage equipment — Part 1: Description of nhenomena
J 1 T T T

CISPR/TR 18-3:2010, Radio interference characteristics of overhead po lines and\high-
valtage equipment — Part 3: Code of practice for minimizing the generatio ol 1

ISO/IEC Guide 99, International vocabulary of metrology — Basic ¢ ¢ epts and
agsociated terms (VIM)

NOQTE Informative references are listed in the Bibliography.
3| Terms and definitions

For the purposes of this document, the terms a iven in the IEC 60050-161 apd

the ISO/IEC Guide 99 apply.

4| Measurements

a1 Measuring instru

an1 Response of 3 d
corona noise

C|SPR 16-1-1 se ly

rjpeated pulses, acgord Cy

ranges and band th idth

ofl 9 kHz.

Figure 1 indicates the 1ese pulses take as they progress through the various stages [of

the measuring eiver. Mowever, in the special case of corona pulses generated by high-
vqltage a.c: Ver-: , the individual pulses are not equally spaced throughout a cydle
byt occur in sely pac ed groups or bursts around the peak of the voltage waveform.|A
byrst has a-duration not exceeding 2 ms to 3 ms and this is followed by a quiescent no-corofa
périod.

Owing“to its inherent time constants, a standard quasi- peak CISPR measuring receiver [is

urnhln to-racnonditao nA adual nulcac <Hv\ H—a hiurct Ir\ nh o _coan ac o ol nnln nulca whao 5e
ToTC—tO—T o PO —O— oV SoaTpPoTotS WWHE DS oo oo omgTe rlu SA~ oS

amplitude is discussed below.

Hence, the pulse repetition frequency, in the meaning of the CISPR definition is constant at 2f
(where f is the power system frequency) for single phase and 6 f for three-phase single or
multi-circuit systems, provided that the individual circuits are part of the same system.

Figure 2 indicates the usual case where individual corona pulses generated around the
positive peaks of the voltage waveform are much greater in amplitude than those generated
around the negative peaks. Hence in a three-phase power line there are three bursts of higher
amplitude and three burst of lower amplitude noise during each period of 1/f.
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Also, in the measurement of the radio noise field strength in close vicinity of an operational
line, the antenna of the measuring receiver is not located at the same distance from all the
phase conductors. Then because a quasi-peak detector responds only to the higher amplitude
bursts and disregards the lower ones, rules of summation of the radio noise generated by the
individual phases of a line can be formulated which are specific to the CISPR characteristics
and are given in Clause 4 of CISPR/TR 18-3. It should be noted that the loudspeaker of a
radio receiver, and consequently the listener, perceives the overall generated noise.

To examine the response of the CISPR measuring receiver to a given burst of pulses, it
should be borne in mind that each individual pulse becomes, at the output of the amplifier of
figure 1 of pass-band 4f, a damped oscillation whose duration can be taken as approximatgly
2/RBW (i.e. 0,5 times its IF amplifier resolution bandwidth), or 0,22 ms for 9 kHz. When'thefe

ane a large number of pulses distributed at random within a burst, the res oscillations will
oyerlap randomly and the overall quasi-peak signal will be approxig equal” to the
gyadratic sum of the individual quasi-peak values. This statement, wi is di e
mpthematically, has been well proven by experience and justifie si-peak

dgtection, of the quadratic summation law which would moreogver\be\rigorous if\the noise
lepels were expressed in r.m.s. values.

4.N.2 Other measuring instruments

Measuring instruments differing from standard CISPR ins 1ents A
although measuring instruments having detectors tha i-peak in
C|SPR 16-1-1.

4.2 On-site measurements on HV o
4.2.1 General

Oh-site measurements i igini in
agcordance with the instructions i ‘ le

4

4.2.2.1 Referen

The reference/measure re
mpde at a fr C 2 + 10 % but other frequencies, for example 1 MHz, may al$o
bg used. Th Hz (or 1 MHz) is preferred because, usually, the level of radio
ngise at™t pectrum is representative of the higher levels and also becausge
0,6 MHz lies ow and medium frequency broadcast bands.

Bjcause of _the possibility of error due to the presence of standing waves, it is inadvisable [to
ly on.the measured value of the radio noise field strength at a single frequency but to drgw
a |mean' curve through the results of a number of readings throughout the noise spectrumm.
MeasSurements should be made at, or near, the following frequencies: 0,15 MHz, 0,25 MHz,
0,5 MHz, 1,0 MHz, 1,5 MHz, 3,0 MHz, 6,0 MHz, 10,15 MHz and 30 MHz although, clearly,
frequencies at which interference to the wanted noise is received, should be avoided.

4.2.2.2 Measurement antenna

The antenna used for the measurements shall be an electrically-screened vertical loop, whose
dimensions are such that the antenna will be completely enclosed by a square having a side
of 600 mm in length. The balance shall be such that in a uniform field the ratio between the
maximum and minimum indications on the measuring receiver when the antenna is rotated
shall not be less than 20 dB. The base of the loop should be about 2 m above ground. The
antenna shall be rotated around a vertical axis and the maximum indication noted. If the plane
of the loop is not effectively parallel to the direction of the power line, the orientation should
be stated.
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NOTE According to the ANSI/IEEE Standard 430 (1986) [4], the antenna height using measurement vehicle is
recommended as below:

If a vehicle-mounted antenna is used, the antenna should be at least 2 m above the roof of the vehicle. The effects
of vehicles on vehicle-mounted antennas have been found to be negligible if this minimum height of 2 m is
maintained; however, the vehicle and antenna combination should be calibrated to confirm the antenna factors and
to check for existence of azimuthal asymmetries in the antenna pattern, as described in Section 5 of
IEEE Standard 473 (1985) [5].

A check shall be made to ensure that the supply mains, if used, or other conductors
connected to the measuring apparatus do not affect the measurements.

4.2.2.3 Selection of measurement points along the pathway of the overhead
HV power transmission line

T¢ determine the radio noise performance of a line certain positions of\Q easure Id
be avoided; but these restrictions would not apply when an investigati of
interference is being carried out.

Measurements should be made at mid-span between the towers and<{prefe y al
sych positions. Measurements should not be made near poin erédines i ion
of intersect.

Sxes at an abnormal height of span should be aV|de. suring site should be flat,
fr
and telephone lines.

Ideally the measuring site should be at axdista i ination,
in| order to avoid reflection effects afd consequen inaccurate results, but lower voltage
digtribution lines are sometimes too short iti . , the
refsults of measurement ; i [ idld

stfength in the absence of'reflestions corre to'the geometric mean of the maximum and
mjnimum values, in ' of the frequency spectrum from a line
sybjected to reflections

If|the line is trans he
transposition towers
The atmosp ts
under rain_conditions i i i i DN
either side of.the
Annex B gives
4p.2.4 Selection of measurement points lateral to the pathway of the overhead

HV power transmission line
Measurements—are—performed-e-g—for-determinationof-thetateral-fietd—strength-profile—ofthe

radio noise field generated by overhead HV power transmission lines. In these conditions a
number of measurement points at mid-span in between two towers should be chosen along a
straight line departing perpendicular from the pathway of the overhead HV power transmission
line under test. The distances of measurement shall be taken laterally from the vertical
projection to ground of the outmost sub-conductor of the transmission line (reference point
(x,y,z), i.e. x = place along the line at mid-span where the measurements are made, y =0 m
and z = 0 m corresponding to the vertical projection to ground of the outmost sub-conductor)
to the centre of the antenna used for the measurements. For determination of the overall
typical lateral field strength profile of the radio noise field of a given overhead HV power
transmission line it may be sufficient to consider lateral distances y in the range from 0 m to
200 m.
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In order to allow for comparison of measured lateral profiles of the radio noise fields
generated by several individual HV power transmission lines of the same type or by several
HV power transmission lines of different types it is necessary to determine a reference
distance at which the observed profile curves converge through the same indication level.
Practice proved that this is the case for a distance of 15 m taken laterally from the vertical
projection to ground of the outmost sub-conductor (i.e. the reference point) of the
transmission line concerned. That is why this 15 m distance is defined as the lateral reference
distance y, for comparison of different lateral profiles.

In order to allow for subsequent comparison with other lateral radio noise field profiles,
ngrmalised profiles should either be related directly to that lateral reference distance of 15 |m
on, in case that measurements could not be performed at that distance, the obtained _results
should be normalised to the reference distance by means of the interpolation-described-in the
next paragraph.

NQPTE 1 In case of most of already operated conventional overhead HV power transmissi i ormalisled
versions of lateral profiles of the radio noise fields obtained in a direct distance of est conducior
copverge through the same indication level as those obtained in the new lateral : i m, due|to

of 20[m
es
ns

th¢ usual height of the conductors above ground. It should however be kept i
usied so far may prove impractical for prediction of the radio noise for i
anld for which high towers may be used. In order to allow for measurem
th¢ CISPR reference distance of 20 m taken directly from the neares
lateral distance of 15 m, see explanation above.

hen the obtained profile of the radio noise field-is k g
a [ogarithmic scale, a substantially straight line [ Id
atl 20 m (direct distance) or simultaheo Dy
interpolation or extrapolation (see Figure
The height of the axis of the lowest phase he
measured at mid-span and’recorded-i e
NQTE 2 Regarding the predi he
enpissions since it still refers
4.2.3 Measu
4.2.3.1 Referen
Be¢cause the s dedicated to television broadcasting vary in the countrigs
around the > Si ce measurement frequency for noise in television broadcast
f;fquenc 3 ed as like noise in the a.m. sound broadcasting frequenty
ranges. H itgs.recommended that measurements are made at a frequency of 75 MKz
byt other freg ies example 150 MHz, may also be used. These frequencies should be
sglected sinee e strongly affects the video signal of broadcasting in the lower v.h|f.
bgnds. The\frequenty of 75 MHz (or 150 MHz) belong to these low v.h.f. broadcasting

frequency-bands.

4.2-3)2 Measurement antenna

The antenna used for the measurements shall be a passive antenna, for example a biconical
antenna. Under the transmission line, strong electric induction effects from the power-
frequency voltage can provoke a malfunction of an active antenna. The biconical antenna
should be allocated about 3 m above ground. The antenna is to be rotated around a horizontal
axis and the maximum indication noted. Generally the plane of the biconical antenna is not
perpendicular to the direction of the power line, it tilts about 5° or 10° to the perpendicular
direction of the power line.
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4.2.3.3 Selection of measurement points along the pathway of the overhead

HV power transmission line

To determine the noise performance of a line in the v.h.f. frequency range, certain positions of
measurement should be avoided; but these restrictions would not apply when an investigation
into a case of interference is being carried out.

There is no standing wave phenomena as in the lower frequency range, measurements can
be made at any position in the span. Sites at an abnormal height of span should be avoided.
The measuring site should be flat, free from trees and bushes and remote from large metal

st

fuctures and other overhead power and telephone lines.

The results of measurement should be indicated in microvolt per ts
logarithmic equivalent.

If [the line is transposed, the measuring site should be located as fa he
transposition towers.

The atmospheric conditions should be approximately unifor ts
unider rain conditions will be valid only if the rain extend bN
either side of the measuring site.

Annex B gives a list of such information

4.3 Statistical evaluation of the radio noise

When compliance with limits is required, i bd
given below. Further infg i ible of
measured data is found i 5

C|SPR 16-4-3 describ of
mpass-produced lia he
application of s i vave to given the consumer an 80 % degree [of
cqnfidence that 8079 ; a type being investigated are below the specifi¢d
radio noise limit. Th ’ Issbased,on the non-central t-distribution (sampling by variableis)
and the spirit of 8 rule is interpreted for overhead lines in that the radio
ngise level shou exgeed\the limit for more than 80 % of the time with at least 80 %
cqnfidence.

Definitions~a d’sets of measurements:

1) A reading/s th ult of a single measurement of the field strength level in dB(uV/m), af a

given Yocation, under given meteorological conditions. If the meter readings fluctuate, then
an average value taken over a period of at least 10 min should be used.

along the line. Not more than one set of measurements should be taken on any particular
day for the given meteorological conditions. The three different locations will help to
eliminate the effects of local irregularities (for example standing waves), although, as
stated in 4.2.2.3 and 4.2.2.4, positions of measurement where unrepresentative readings
are likely to be obtained should be avoided.

Number of measurements:

1)

2)

Using the measurement techniques described in 4.2, at least 15 but preferably 20 or more
sets of measurements should be taken.

The number of sets of measurements for each weather condition (dry, rain, snow, etc.)
shall be proportional to the frequency of occurrence of each weather condition for the area.
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Compliance with a given limit of noise is judged from the following relationship taken from
CISPR 16-4-3:

X+kS, <L
where
L is the permissible upper limit of radio noise;

X is the mean value of the (n) number of sets of measurements of the radio noise level of
the line, namely:

X - X1+ Xo + X+ + X,
n

Sl is the standard deviation of the (n) sets of measurements, namely:

X X
- n-1

k| is the constant depending on (n) and is determined in s the dbove stated

80 %/80 % rule is satisfied.

The k value to be used for (n) number of sets of meagurements I8 1 in the table below.

Table 1 — Number of n sets.of me
and corre@

io noise level

35

\@9\ 1,07 1,06

This formula, based on_a limi , is similar to that relating to a Gaussian
diptribution valid for a it , the samples being represented by sets [of

measurements

Infthe formula S, ; ) vith the standard deviation relating to an infinite number
ofl samples and k depe e required confidence (80 %/80 %) and on the number [of
sgmples. The lov . samples the higher the value of k becomes for any
percentage spesifi ; e limit, with a given confidence.

S{udies dndicate that-even for a non-Gaussian distribution, the use of the above statistidal
method does netyintroduce a significant error provided that at least 15 but preferably 20 jor
mpre sets of nieasurements are used in the evaluation.

44 Additional information to be given in the report

To¢ ensure that extraneous interference is not influencing the measurement of the levels of the
”T \ ise field N I e levels with the lihe

de-energized.

When the results of the measurements are reported, as much relevant information as possible
should be given on the line and on the conditions under which the measurements were carried
out.

4.5 Measurements on HV equipment in the laboratory
451 Overview

This clause gives the method to be used for the measurement, in a laboratory or test area, of
radio noise generated by items of plant and components used on high-voltage lines and in
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substations, such as circuit-breakers, bushings, insulators and hardware. This method is valid
for type tests and for routine or sample tests and also for investigational tests.

It is usual practice to carry out laboratory measurements of radio noise in a prescribed test
circuit by measuring conducted quantities (current or voltage) and not the emitted field
strength.

Furthermore, the selection of test conditions should be based on the following principle:
ideally, the measurements should be made with the conditions and circuit simulating, as far as
DGssi . oo . " ; to
ogcur for the type of apparatus tested. Before the establishment of a reliable method of radio
ngise testing in a laboratory, reliance was placed on the voltage at which inception pr
eXtinction of visual corona occurred on the test object. The voltages so dg ined were very
laboratory

asurements described below.

4.5.2 State of the test object

It|is well known that the level of the radio noise produced g ry
dg¢pendent on the state of the surface of the item equipment aborato S a
pdrticular test object should consequently be clearly defi ith re hg
agpects:

new or already used;

Gegnerally, standards and normal practi icted to laboratory tests on clean and dry
objects, reproducibilitypof the other test'c dampness, pollution) being often diffictlt
tolachieve. However, te (standardized) rain conditions may be very
ugeful, since these\c in practice and may lead to significantly highjer
radio noise Ieve@

When only one su
clpse as possible

aken into consideration, it is desirable, in order to be as
onditions, that the tests be performed on adequatgly

p¢lluted and e_normal operating voltage.
When the object i ested in a clean and dry state, it may be wiped with a dry cloth fto
refmove du that might affect the surface.

Unless othenwise stated, test conditions described in this clause are valid for used, wet and/or
pglluted-objects as well as for new, clean and dry objects.

4.5.3 Test area

The tests should preferably be performed inside a screened room which is large enough to
prevent the walls and the floor from having any significant effect on the distribution of the
electric field at the surface of the test objects. Circuits, for example power and lighting,
entering the screened test area should, ideally, be filtered so as to avoid the introduction of
radio noise present in the environment (see 4.5.11).

If a screened room is available, the tests may be carried out at any place where the
background noise level is sufficiently low compared with the levels to be measured (see
4.5.11).
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4.5.4 Atmospheric conditions
The normal reference atmosphere for tests described herein is:

— temperature: 20 °C;
— pressure: 1,013 x10% N/m2 (1013 mbar);
— relative humidity: 65%.

However these tests may also be performed under the following atmospheric conditions:

—| temperature: between 15 °C and 35 °C;

—| pressure: between 0,870 x105 N/m2 and 1,070 x10% N/m2 (870 mbar and-1 070 mbar);

—| relative humidity (for tests on objects in the dry state): 45 % to 75 %

In| the case of investigational tests, other conditions may be selected a 3 st
objective.

When tests are made on a dry object, it shall be in thermal equili i ba
atmosphere to avoid any condensation on the surface of t

As far as the radio noise levels generated by a of
changes in atmospheric conditions, within the Ce
cqnditions are little known. Thus no cp ut
the air temperature, air pressure and rele idi be
recorded.

45.5 Test circuit — Basic diagram

Figure 4 shows the princip ‘ i > a he
tept object flow throug i Cuj Ce
ZJ and resistance R|. ts
from flowing in Athe hy
interference cu re
attenuated by the”fi ne
impedance of Z er
sypply frequencyy Als Z or
efample the ¢ha i he
tept object [ 2d
agross R

C|SPR 16-1-2 5),
R| is the equivalent resistance of R, in series with the parallel combination of R, and the
input resistance of the measuring receiver, R,.

Thetest consists of taking measurements, expressed in pV (or in dB(uV)) of the pulse-type
v . ! ) _ . L

to the object under test.

4.5.6 Practical arrangement of the test circuit

Figure 5 shows the standard test circuit which should be used for the laboratory measurement
of the radio noise voltages generated by medium and/or high voltage equipment. The
connections to the measuring receiver are shown in a simplified form in Figure 5 and,
depending on the distance between the measuring receiver and test circuit, the arrangement
shown in either Figure 6 or Figure 7 is incorporated into the circuit of Figure 5.

NOTE In the special, limited, case of the need for rapid comparative measurements to be made on a number of
identical small objects, such as cap and pin insulator units for overhead lines, the special test circuit of Figure 8
may be used. The decoupling capacitor C,, may be omitted when the number of test objects exceeds five.
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The impedance Zg is the basic circuit of Figure 4 can consist of i) a series circuit L,C, or ii)
simply a capacitor C5, as shown in Figure 5.

i)

L,C, is tuned to the measurement frequency along with L, in parallel with C,, forming the
rejection filter F. The advantage of this arrangement is that C, may have a relatively low
value of capacitance, say 50 pF to 100 pF and therefore be cheaper, but the disadvantage
is that measurements at frequencies other than the reference frequency involve the
retuning of L,C, and L Cy.

As stated in item d) of 4.5.7, a value of 1 000 pF for C; should be satisfactory, which
makes an inductor in series with C, unnecessary and this part of the test circuit aperiodic.

4.5.7 Test circuit components

The components that are used in the test circuit shall meet the

By making the rejection filter F also aperiodic by using, for example, an inductor dampt

by parallel resistors, measurements at frequencies other than the reference frequency.can
be carried out relatively simply. If, however, the laboratory or test ares near to industr|al
premises where high levels of radio noise can be produced, a very pedancel|is
usually required (see item c¢) of 4.5.7).

High-voltage connections

The radio noise level produced by the high-voltage i d terminations of the
test circuit shall be insignificant compared wi easured from the tgst
object at the test voltage.

High-voltage transformer T,

This transformer shall provide a v Vave n_consistent with the specifications [of
IEC 60060-2.

Rejection filter

Filter F shall have impe not less than 20 000 Q, correspondmg to an

To be fully effectiv Cy
part of the te r bd
to the measureme 5S
: a

ing receiver. The filter impedance may be assessed by

by taking the difference in the measuring receiver readings

ence‘measurement frequency of 0,56 MHz = 10 %, the value of L; should be

The dimpedance between the live conductor and earth (Z; + R| in Figure 4) shall e
(300'x 40) Q with a phase angle not exceeding 20°, at the measurement frequency.

A’ coupling capacitor C, (Figure 5) may be used in place of Z. provided that the

capacitance of Cj is at least five times greater than the capacitance to earth of the test
object and its high voltage connection. In practice, a value of 1 000 pF should be
satisfactory for Cj.

Capacitor Cy shall be capable of withstanding the maximum test voltage and have a low
partial discharge level at that voltage.

4.5.8 Measuring receiver connections

The more usual method of connecting the measuring receiver to the test circuit, that is, where
the length of cable is less than about 20 m and co-axial cable is used, is shown in Figure 6.
Where the length of cable is greater than 20 m, balanced screened cable is used, and this
arrangement is shown in Figure 7.
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Matching resistor R,

To reduce the possibility of errors, due to reflections within the connections to the
measuring receiver, the co-axial cable, in the case of Figure 6, shall be terminated in its
characteristic impedance at each end. Also, in the circuit of Figure7, the
cable/transformer assembly shall be similarly terminated.

The effective input resistance R, of the measuring receiver usually provides one matching
termination and the other termination is provided by R4 which shall be of the high stability,
non-inductive type.

Series resistor R,

To meet the requirement of 300 Q resistance across the test object, the input resistance
R,, of the measuring receiver in parallel with R, has to be increased using a serigs
resistor R, which shall be of the high stability, non-inductive type. the case of|a
measuring receiver where R,;, is 50 Q, the value of R, should be 275 Q.

NOTE 1 ical
Manufacturers' Association (NEMA), of the USA, in its Publication 107 (19 Q
for RL Usually a simple conversion can be applied to the results obtai S
Thls is because a radio noise source in a test object almost invariably p oduce ed

Inductor Lg
This inductor provides a low-impedance path (at (po e i , he
measurmg receiver and its associated com : ¢ ) i w

of
or

Spark gap

To reduce the possibili ing
receiver, the provisiomnof a | Ve K gap”across L is recommended. This spark
gap should preferg e with a maximum breakdown voltage |of
500 V on a power freque ~ see note below)

NOTE 2 In the requency voltage appearing across the spark gap, due for

example to a failure heAi its connections, there could be an increase in the test cirduit
background noise leve ischarges at the electrodes of the spark gap

Balanced ormers (T, and Tj)

Where the test is large and/or where very high voltages are involved, the measuripg
recej ay h be located at some distance from the base of (C,,L,) or C3, whefe
R, a . Under such conditions the length of co-axial cable shown [in

20 m and, to reduce the possibility of the measurements beifg

shownfin Figure 7 should be used.

Theybalun or coupling transformers T, and T, should be located close to R4/R, and to the

measuring receiver, respectively, and the connection between the transformers should be
made hy means aof a balanced screened cabhle Shaort Inngthc aof ca-axial cable should be

used to connect T, to R4/R, and T3 to the measuring receiver and all these cables should
have suitable characteristic impedances to ensure correct matching.

Measuring instrumentation

To comply with CISPR recommendations, the measuring instrumentation shall be
consistent with the specifications of CISPR 16-1-1. If a measuring receiver with different
characteristics is used, a conversion of the results into values which would have been
obtained with a CISPR instrument is usually possible, but this can lead to some
inaccuracy. This conversion should be carried out as detailed in 4.1.


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) -21-

4.5.9 Mounting and arrangement of test object

The object under test shall be mounted and arranged in accordance with the requirements of
the standard applicable to the particular apparatus concerned (for example, |[EC 60437:1997,
see [3]). When no such standard is available, the test object shall be arranged, as far as
possible, in the same manner and with the same circuit configuration as exist in service.

The object under test shall be provided with all its normal hardware, such as arcing horns and
stress-control hardware that may affect the distribution of the electric field at the surface of
the test object. Where the test object can be in more than one condition, for example a circuit-
brieaker which can be open or closed, it shall be tested in each of these conditions.

The high-voltage connections to the object under test shall be short and spallmot contribute to
the measured values of radio noise from the test object nor influence the distribttion of the
electric field at its surface.

significantly disturbing the distribution of the electric field at the

4,5.10 Measurement frequency
The reference measurement frequency is 0,5 MHz. It is reg 9 re
mpde at a frequency of 0,5 MHz £ 10 % but ot be

The test circuit shall be arranged so as to p it be
level generated by the obj ) interféerence from outside the test circuit,
ingluding the supply, or fre s_of the—Circui Y,

at[least 10 dB below th

With the specifi oltage ' circuit, the level of background nose shall be fat
lepst 6 dB below\the ow : 5

sybstituting a simila S st’object for the object under test.

Background noi e be relatively high when the tests are made in an unscreeng¢d
afea, especia industrial premises nearby. When these high levels are |of
short d i i ondition” may be acceptable provided that the quiet periods are [of

the characte éring peaks can be clearly distinguished from that of the noise being
génerated by-fhe-test object, possibly by means of an oscilloscope or a loudspeaker.

measurement frequency, within the specific tolerance, which is clear of interference. The usge
ofl aesonant circuit L,C,, which is correctly tuned, as the rejection filter F, can often be mqgst
effective in reducing background noise.

InFrference may also result from broadcast stations which may be overcome by selecting|a

4.5.12 Calibration of the test circuit

The test circuit shown in Figure 5 together with the circuit shown in either Figure 6 or Figure 7
shall be calibrated to obtain the value of the correction factor that shall be applied to the
measuring receiver readings. This factor is the sum of the circuit attenuation and the
resistance network factor, both expressed in dB. Such calibration is required where the test
assembly is being used for the first time, or has been re-arranged, or where the test object
have been changed to one of a significantly different capacitance. The power supply to the
high-voltage transformer should be disconnected during calibration.

a) Circuit attenuation A
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Before starting the calibration, the rejection filter F shall be tuned, if applicable, as
described in item c) of 4.5.7, to the particular measurement frequency. A signal generator
with an output impedance of at least 20 000 Q shall then be connected in parallel with the
test object, the test circuit being complete, as shown in Figure 5 together with the circuit
shown in either Figure 6 or Figure 7. (Such a generator is easily arranged by connecting a
20000 Q resistor in series with the output of a standard signal generator.) The generator
shall be set to deliver a sine wave output of 1V, at the measurement frequency, which will
inject a current of about 50 pA into the test circuit. This current will ensure that the level of
the reading obtained with a CISPR measuring receiver will be well in excess of the usual
background noise level. The level of this reading shall be noted.

With the settings of the generator unchanged, the test object shall be disconnected frgm
the high-voltage part of the test circuit and connected as shown in Figure 9. The fevel |of
this new reading shall also be noted and the difference between the/two readings-is the
circuit attenuation A.

NOTE 1 To avoid removing R; and R, from the test circuit during the caljbration , other high-
stability, non-inductive resistors of the same value may be used.

NOTE 2 In Figure 9 the test object may be replaced by an equivalent.capaci

b) Resistance network factor

S

The radio noise level

where V., Qﬂ
correspondin its

indicated by the measuring receiver and

in
put” Then when the signal generator, with the 20000 Q series resistor, |is
allel_with\the test object a reading V, (in pV) appears on the measuring receiver which
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Underthese circumstances, the radio noise level of the apparatus being tested is directly given by:

: I
V="V, =2UlJ OUUV MTUD(RV ) dCTUSS oUU 82
1

where V,, is the voltage, in dB(uV), indicated by the measuring receiver at the time of the test.

NOTE 4 The sine-wave signal generator may be replaced by a pulse generator with a constant frequency
spectrum, at least up to the measurement frequency. Correspondence of amplitudes between pulse and
sinusoidal signals should meet the data included in CISPR 16-1-2 [2].

4.5.13 Test procedure

Radio noise generated by high-voltage equipment depends mainly on the distribution of the
electric fields at the surface of the equipment. Ideally, the distribution in service should be
reproduced during tests in the laboratory.


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) - 23 -

The radio noise level generated by a test object is not entirely determined by a particular
value of the test voltage. A hysteresis effect often occurs, with the result that noise may or
may not be present at a given test voltage, as it depends on whether this voltage was reached
by decreasing or increasing values. Pre-conditioning of the test object, by subjecting it to a
voltage which is equal to or greater than the specified test voltage for a specific period of time,
can also have an effect on the measured level of radio noise.

The procedure for applying the test voltage should therefore be accurately specified.

The_test voltage shall be a sine wave at nower-supply frequency and be consistent with
7 Ll Ll i - 7J

IHC 60060-2. It shall be applied either:

a) between phases of the object under test (for example a three-phase
which case the test voltage is related to the system's line voltage, or

cuit-breaker), [in

The test voltage of the object to be tested is usually specified i C ne
type of object. In the absence of such a specification, the te : he
ngminal voltage of the system or the rated voltage o ¢ s
tepted with respect to earth). In some cases, the test'voltage\is er

and purchaser at a value between 1,1 and 1,4 times thé iNg : ne

Alvoltage 10 % higher than the specifi ler
tept and maintained for at least 5 min. 3 %
ofl the specified test voltage, raised in (ste p te

and, finally, decreased in s 3 M ly
10 % of the specified tes{ voltage. e

and the results obtain bd

vqltage, the curve so

When significan r in the radio noise level from a number of items
ofl equipment of thé g rements should be done on several samples. Then
the typical radio noise ( | be the average curve obtained when all the results
ane taken into account. 2 ber of samples is sufficient, a level dispersion may also
bg evaluated: pliance with limits is required, it may be appropriate to use the
stptistical method gi i

4.5.14 s . ations during the test

Additional observations may profitably be carried out at the same time as the radio noige
measurements, in order to locate any noise sources on the test object and assist |in
egtablishing the cause of possible defects. A visual observation, if necessary by means |of
bihoculars in a darkened laboratory, will enable even extremely small points of coropa
dipcharge to be located. Such observations may be confirmed by means of photographs with
long exposure times, or by means of an image amplifier. If it is impossible to darken the
laboratory sufficiently, the points of discharge may be located to some extent by an ultraviolet
detector, by ear or, preferably, by an ultrasonic detector which is much more directional.

4.5.15 Data to be given in test report

In addition to the specification of the apparatus under test, the test report should also give the
following data:
a) state of the test object:

1) new or already used,

2) clean or polluted (nature and degree of pollution),
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3) dry, damp or wet;
b) atmospheric conditions:
1) temperature,
2) barometric pressure,
3) relative humidity,
4) presence or absence of rail (standardized artificial rain);
c) test circuit, including any difference from the standard CISPR circuit;

dy background noise level,
e) test voltage with detailed procedure of its application;

f)] measured radio noise levels, expressed in dB(uV) across 300 Q (these
radio noise characteristic);

given in the

g) comparison between the measured levels and any specified limi

5| Methods for derivation of limits for HV power systen

5A Overview

e CISPR has for many years considered the que

stion( of limits of radi6 noise from overhegd

pgwer lines and high-voltage equipment_in orden to\ss n)
radio broadcast reception. The degreg of\anpoya io
frequency bands is determined by the 'si ) n.
For similar subjective annoyance, the SNR i ed
on a required SNR, many factors affett the ac m
radio signal level to be protected, min atwe n,
effects of weather, etc. g
cgmpliance with limits. For ex ivi he
cgrried out in fair weatt to
stptistical variation, It 5e
problems. Som@un , of
interference from e

There is general agreen S
by it on a simg , ito
agcount particula iti e is
agreed tr meth DN
relasonable mi hd
e¢onomical powey line designs. The method should enable assessment of the effects of power

es on radig.reception under any particular conditions.

Since a.number of arbitrary assumptions about random parameters shall be made, which may
differ"from actual conditions, and since economic factors shall also be considered, any
ommended limits cannot assure 100 % protection to 100 % of the radio broadcast listeners
or viewers. This fact is generally accepted in standardization.

5.2 Significance of CISPR limits for power lines

CISPR Recommendation 46/1 "Significance of CISPR limits" [26] and CISPR 16-4-3, specify a
statistical basis for analysing test data to determine compliance with a CISPR limit for mass-
produced appliances.

In the case of noise from power lines and high-voltage equipment, this criterion is not directly
applicable. It is however possible to relate it to the statistical distribution of noise due to the
variation of atmospheric conditions. For power lines, high-voltage substations as well as for
high-voltage equipment, the CISPR limit recommended in the present document may be
interpreted as the noise level not exceeded for 80 % of the time. However, as is discussed
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in 4.3, this application of the CISPR 80 %/80 % rule would involve a larger number of
measurements than is specified in CISPR Recommendation 46/1.

It shall also be realized that an 80 % level for conductor corona noise for d.c. lines will always
be a fair-weather level of all climates, whereas for a.c. lines, the 80 % level in moderate
climates will usually be a foul-weather level, and for dry climates, it will usually be a fair-
weather level.

Figure 12, which shows typical annual all-weather radio noise at 0,5 MHz cumulative

thjs difference between corona noise from a.c. and d.c. lines.

Other criteria, such as average fair-weather noise levels or possibly m fair-weather
ngise levels, could also be the basis for establishing limits for hig nt
(HVDC) lines. Foul-weather noise is normally lower (8.2 of CISPR , the
fajr-weather noise level (50 %) is higher than the foul-weather n0| | e difference
islmoderate. The fair-weather noise level should always be the ba tablishi imits fpr
HYDC lines.

Regulatory authorities should keep these facts in mind w Y%
lepel.

5

53.1 Basic approach

T i i i intainj K SNR at the receiving installation 1;|10r
sgtisfactory reception of broadcast s'gn a ablishing regulations, it will be the
reisponsibility of the regula J ine the minimum radio signal strengths [to
bg protected and the S a i i satisfastary reception. This publication presents
information on acceptable SNR and-gives information on minimum radio signal levels [to
b¢ protected 1 C protected signal level and the required SNR can be
Cq at the. ditect or fateral reference distance Dy or y,, respectively,
ofl the power Ime e distance". This protected distance D, represents the
mjnimum distance fr i equired’to protect the minimum radio broadcast signal for| a
of: ) e kample, if the 80 % level is chosen as the basis for the
radio noise, then thi istance will be the minimum distance from the line at whigh
th i t igh an be received 80 % of the time with an acceptable SNR. If the
aJerage fai i el is the basis for establishing limits, then this protecte¢d
diptanc ilhbe theyminimum distance from the line at which the minimum protected signal
lepel can be.rec d fo % of the time during fair weather with an acceptable SNR.

It [should beyappre ne
mjnimum-ene and that advantage can sometimes be taken of the directional properties |of
ol 5
where the dlstance between the power I|ne or the hlgh voltage equment and the rece|V| g
loka n

tend to balance each other in such a way as to provide adequate reception even in cases
falling within the protected distance. For those so placed who suffer interference, mitigation
techniques may be employed such as use of remote antennas or connection to a cable
systems.

5.3.2 Scope
5.3.2.1 Power systems

The radio noise limit discussed in this clause applies to the power system as a whole and not
to its individual components such as transformers, insulators, etc. The method of
measurement of the noise level of a component is discussed in 4.5, and the relation of this
level to that it would produce in a direct distance of 20 m from the nearest phase conductor
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(in case of HVAC systems) or positive conductor (in case of HVDC systems) of the overhead

power line is discussed in 6.2 of CISPR/TR 18-1.

The noise limits are based on lateral attenuation laws applicable to typical power lines and

on

the appropriate CISPR measuring methods and instruments referred to in Clause 4. No well-
established data are presently available for HVAC substations or HVDC converter stations.

For simplicity, however, the same laws may be used as for lines, the reference distance bei
taken as 20 m from the perimeter fence of the substation or converter station. It should
noted that only persistent noise from HVAC substations or HVDC converter stations
considered. Transient noise, such as that due to interruption of a power circuit or due to tu

ng
be

is
rn-

on and turn-off sequences of the valves of a HVDC converter station, is not included.

The information in this clause is hence valid for persistent noise frg
sybstations operating at voltages from 1 kV to 800 kV, and for HVDC
sthtions operating at voltages from 1 kV to 750 kV.

5.8.2.2 Frequency range

VAC lines and
nd [ converter

The frequency range is from 0,15 MHz to 300 MHz, coveri st
fr%quency bands between 0,15 MHz and 1,7 MHz and t} io
frequency bands between 47 MHz and 230 MHz. to
"reasonable" wanted signal levels of these servic Ce
nggligible interference to broadcast reception abe ited
information on noise levels at these fre ies ove>300 MHz are not include¢d
af| this time.

The definition of "reasonable" wanted io si will vary with the type of service and
part of the world. The International Tel i 1,
2 fand 3). Regions 1 and 3/are further di ic
cqnditions. Figure 10 shows th ones. Within each region and zone, there are
specific transmitter poer I i protected signal levels, required co-channel anpd
adjacent channel prot

In| particular, the uency broadcast bands 0,15 MHz to 0,28 MHz and
0,6 MHz to 1,7 MH e ITU. However, existing practices regarding minimum
si regarding protection ratios often differ from the lategst
re orth America the 0,5 MHz to 1,7 MHz band is regulated by
th padcasting Agreement (NARBA). It should be noted here th

sqme of ih i & s'\resul’from differences in broadcasting philosophies. In Europe

reference [21] for more detalls )

5.3.3 Minimum broadcast signal levels to be protected

at
t fr
n

Individual national authorities should determine the minimum signal levels to be protected

from power line noise related to appropriate weather conditions. For the low frequency a

nd

medium frequency bands, the ITU [22] has recommended minimum field strengths necessary

to overcome natural noise (atmospheric noise, cosmic noise, etc.). For broadcast planni

ng

purposes, the ITU has also recommended for information only, nominal usable field strengths.
Annex C gives recommended values for both the minimum and the nominal usable field

strengths.


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) - 27 -

Since natural noise levels vary with time and geographical location, signal levels below these
values can sometimes be received satisfactorily and at other times unsatisfactorily,
irrespective of power line or other man-made noise.

For the v.h.f. bands, the International Radio Consultative Committee (CCIR) recommended
minimum signal levels for region 1 are as follows:

Table 2 — Minimum usable broadcast signal field strengths
in the v.h.f bands according to CCIR

Frequency band Minimum signal strength
Television band | 47 MHz to 68 MHz 48 dB(uV/m)
FM radio band Il 87 MHz to 108 MHz 48 dB(uV/m) (for m )

54 dB(uV/m) (f reo)
Television band Ill 174 MHz to 230 MHz 55 dB(uV/m) <\
\ asxgstation are

In| North America, signal levels at the edge of the service broad

specified by NARBA and other standards [23 to 25]. These Annex D
Itlis generally accepted that when criteria for the prtec ior WV i s | and Il have be¢n
fixed, f.m. monoaural sound radio broadcasting ) i protected. The protectipn
relquirements for f.m. stereo sound rad C onsideration. Similarly, the
infermediate bands, such as short wave, i cted to the extend as is the
medium  wave . i ain cases, there may be
telecommunication services requiring d ferent prot . These should be taken into account
by national authorities when limits are bei
It|should be borne in mind thatlall of S um signal levels are related to protectipn
against interference from other rad i rom natural noise. Interference from power
line noise has not :ee i

ith the widely efing adopted for usable signal levels for different zones of the
&\}rld, daytime and ' reasonable radio signal level" has to be establishe¢d
with regard to thé . It is inevitable that if low levels afe

adopted, radio r lines should be viewed in comparison with other sources [of
intferference “and the distance between the power line and receiver should be

53.4.1 AM audio broadcasting in the range below 30 MHz

No exact recommendations as to acceptable SNR have yet been devised for noise from powgr
lifesy For planning purposes, the ITU recommend a wanted-to-interfering signal ratio of 30 dB.
NARBATTevels are based on a ratio o1 20 dB.

For similar ratios, power line noise may represent somewhat less objectionable interference
than does any co-channel interference.

For a.c. lines, the technical literature contains results of a number of investigations of the
required SNR for satisfactory reception in the presence of power line noise. These are
summarized in Annex E. The required ratios for various qualities of reception from "entirely
satisfactory" to "speech unintelligible" are provided. National regulatory authorities may
specify the quality of reception they wish to protect. It should be borne in mind that the SNR
depends largely on the receiver bandwidth. The ratios given in Annex E are based on the
signal being measured on an average or r.m.s. reading meter and the noise being measured
on a CISPR measuring receiver with a quasi-peak (QP) detector. For a.m. reception, the
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CISPR measuring receiver has a 9 kHz bandwidth. When measured with the CISPR
measuring receiver, the reading obtained from a.m. radio signals will be about 3 dB higher
than the reading obtained from the respective un-modulated constant wave (CW) carrier
signal, depending on the modulation depth, since the QP detector produces an output which
approaches the peak of the modulation envelope. This effect will, of course, not appear if the
measurements are made on an un-modulated signal. Here, the signal envelope level
coincides with the amplitude of the CW carrier signal.

As for a.c. lines, the technical literature [10, 11, 12, 27 and 28] contains results of a number
of investigations of the required SNR for satisfactory reception in the presence of d.c. power-
life noise. However, the number of investigations is much less for d.c. lines than for a.c. lings,
and the d.c. SNR tests are not as consistent with each other as are the a.c. SNR tests. Some
ofl the investigations have shown that in the case of d.c. lines the measure NRs could-be @s
much as 9 dB lower than for a.c. lines to give the same subjective impressi vhereas other
investigations have seen little difference between a.c. and d.c. lines. i iscrepancigs
cdn be resolved by further research, it is recommended that a
ngtional regulatory authorities in developing limits for d.c. lines.

5.3.4.2 Television broadcasting in the range above 30"

The required SNRs for television reception are less iri ] ¥ for audio radio
reception. For the European television standard, 40 dB earssto be generally acceptaldle
(the radio frequency bandwidth of the CISPR m ' ). However,

tepts carried out in the United Kingdo i iti d black and white plctu e

40B for black and white
being carried out. Further

te]Jevisions standards, several
tejevision [17].
cd

The repetition rates of noi J and to gap-type discharges may differ
cq , e e degree of interference produced on|a
tejevision picture. Altho ere i t«ptich~data available, this should be considered when

e9

5.3.

5.3.5.

The rate of |a a 9 i ise, i i nd
1( i 50
ds ide

sati

0,15 MHz‘to 0,4"MHz, noise level decreases as D~ 1:8;
—| 0,4:MHz to 1,7 MHz, noise level decreases as D~1.65;
—| B0"MHz to 100 MHz, noise level decreases as D~1.2;

— 100 MHz to 300 MHz, noise level decreases as D~"-Y.

Presumably, the factor 1,65 is somewhat valid between 1,7 MHz and 30 MHz. The information
for the 30 MHz to 300 MHz band is based on few measurements only, but it shall be
appreciated that the mechanism and also the attenuation law are dependent on the type of
noise source, for example conductor corona or gap-type discharges at hardware.

The reference noise levels E5 measured 2 m above ground level and belonging either to the
lateral reference distance y, of 15 m or also to the direct reference distance D, of 20 m may,
therefore, be corrected to the protected distance, using the following correction formulae:

D
0,15 MHz to 0,4 MHz E, = Eg - 36lg—
P 20
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D
0,4 MHz to 1,7 MHz E, = Eq - 33lg—>
P 20

where
Ep
E, is the reference radio noise level measured at 2m height above ground, either

is the radio noise level at protected distance, in dB(uV/m)

in the direct reference distance Dy of 20 m or in the lateral reference distance y, of 15m,

in dB(uV/m)

D + +lo 4 oo ot L \
To T PIUilTLiTU Ulotarivc (11l).

NQPTE Numerous measurements in the medium frequency band have demonstrated that,-en_average,.thé noi
however, some
a\moré accurgte

leyel decreases as D-1.65 close to the line (see 4.2 of CISPR/TR 18-1). For greater distances

vajue for the noise level E, may be given by:

D
04 MHzto 1,7 MHz:  E, = E; - 23 - 20Ig—2
100

THere is a degree of uncertainty as to the lateral distance beyond

N formula applies.
however, at distances beyond 100 m the noise level will be so low that breadcas i

5.8.5.2

20 m (direct distance) or 15 m (laterdl distan
pgssible, the above formulae may be
distances to the reference distance of 20 m
also be taken at distances other than 20 m_and
In[ all cases, measured profiles of lateral
cqrrection formulae (see 5.3.5

53.6 Use of data o
overhe@o
5.3.6.1 Gener
Béneath assessir
naoise levels issimportantje

mpde after the line - vilt. Once the line is in service, there are several alternati
measurement \procedwe ich this predicted level may be verified. The choice of meth
will dep of time available for the measurements and on the degree

3.6.2 AC pow

dicted by use of an empirical formula, such as is presented in 5.2 of CISPR/TR 18-3

E=3,509max* 12r—-30 in dB(uV/m)

where

se

In most casgs,

of
ot
ler
Id

of

ections of line design or construction can economically e

e
bd
of

r an\a.c. power line, the approximate radio noise level due to conductor corona may be

or

E is the radio noise field strength at the direct distance D, of 20 m from nearest conductor

of the proposed line in dB(uV/m);

Imax iS the numerical value of the maximum voltage gradient at the conductor surface,
kV/cm;

r is the numerical value of the radius of conductor or subconductor, in cm.

in
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At given frequencies different from 0,5MHz, especially if a signal at a specified broadcast
frequency is to be protected, the calculated radio noise level should be corrected according to
the following formula (see also 4.3.2 and Figure B.14 of CISPR 18-1):

AE =5[1-2 (log 10 2] in dB

where AE is the deviation (in dB) of the radio noise level at the given frequency from the
reference frequency of 0,5MHz and f is the numerical value of the given frequency, expressed
in MHz, for which the formula is valid over the range 0,15 MHz to 4 MHz

5.3.6.3 DC power lines

For a d.c. power line, the approximate radio noise field strength due to c@
b¢ predicted by use of the following empirical formula (see 8.2 of CIS
weather and at 0,5 MHz.

Qr corona may

E=38+16(9pnax—24)+461gr+51Ilgn+331g

where

gr1ax
is the numerical value of the radi

n is the number of subconductors;

D is the numerical value of the dirfect r,
in m.

A{ given frequencies diffe e i i ifi st
frégquency is to be prote io r to

the following formfla (s

where AE is the ' the radio noise level at the given frequency from the
reference frequ z and f is the numerical value of the given frequendy,

~2(log 10 2] in dB

expressed.in vhi e formula is valid over the range 0,15 MHz to 4 MHz. THis
cqrrectien i ically’derived from a.c. lines and is also applicable to d.c. lines, until further
ejxperience~ \

It|should beynoted that the prediction formula for the radio noise level given above represents
the 50 %-fair-weather value. In order to achieve the 80 % all-weather value, another 3 dB [to
4 dB should be added to the formula.

5.4 Methods of defermining compliance of measured data with limits
5.4.1 Long-term recording

This is the most precise method for evaluating the noise level produced by a power line but it
takes a long time to obtain the results. A noise-recording station is set up close to the power
line under investigation and continuous measurements are made for at least one year. The
suitability of the recording site shall be checked by means of measurements at various points
along the line. The results are plotted on a probability graph of the type shown in Figure 3 of
CISPR/TR 18-1. At the percentage of time that has been selected for specifying the noise, the
level is read from the graph.


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) -31-

5.4.2 Sampling method

This is a practical and accurate method that follows the spirit of CISPR Recommendation 46/1
[26]. At least 15 or preferably 20 or more individual sets of measurements of noise level are
carried out at various locations along the line and under various weather conditions. The
selection of different weather conditions should be more or less in proportion to the
percentage of time each weather condition exists in the area of the power line. These
measurements are then analyzed to give the noise level that will not be exceeded for 50 %,
80 %, or 95 % of the time, with an 80 % confidence, according to the chosen criterion (see
5.3.1).

T}I\e sampling method is fully described in 4.3 for the case where the chosen criterion lis tlLe
80 % level.

5.4.3 Survey methods

If[time or any other reason does not allow either of the above n
alternative of making measurements in fair weather or heavy rdin (i

fajr weather (in case of d.c. lines) may be considered. This,can\be ade
cqrona is the main noise source and when the radio noisedistributi
type of line for the all-year-round weather conditions are i
instance, have been obtained from previous accuraté

S4 a N

be avy ain and (3) under all-yeg
ro d jn 4.3.4 of CISPR/TR 18-1.
NOQTE 8 i e owing paragraphs may not apply to lines belpw
79 ; ) . Al adi ;

For a.c. lines, the 80 % al~weathe 5 dB to 15 dB higher than the 50 %
fajr-weather value, dependj nate:

For d.c. lines, the 80

weather value. Q

Fj’ - 51 ). beé made at various locations along the line and [at

QO
O
(0
)
)

«Q
D
>
[}
=
QL
Q
(on
o
c
—_
w
[oX
o)
=

«Q
>
D
=
~—
=
Q
5
—_
=
D
[6)]
o
R
—h
QO
-

1

di e 50 % fair-weather level is deduced and used as|a
r entioned above. From the curves the all-weather 80 % vallie
C3 ccess of this method is dependent on the reliability of the
dip

Since the radignoise level due to conductor corona is relatively stable and reproducible
ddri se measurements are not required to be taken at separate times. Foul-
weather mieasurements at a.c. lines should also be made at various locations along the line.
FF a.e.lines, the 50 % steady, heavy, rain level is deduced from the results of the

measurements and used as a reference in the set of distribution curves to assess the 80 [%
al|-weather level. Here also the success of the method is dependent on the reliability of the
distribution curves, although it is considered that the assessment of the 80 % all-weather
value from the heavy-rain measurements is more reliable than the assessment from the fair-
weather measurements. In general, the 80 % all-weather level is about 5 dB to 12 dB lower
than the 50 % steady, heavy, rain level.

5.4.4 Alternative criteria for an acceptable noise level

One of the alternative criteria for acceptable noise levels, as discussed in 5.2, may be used. If,
for example, the average fair-weather noise level is chosen, then a series of measurements
should be carried out during typical fair-weather conditions. At least three measurements
should be carried out at three different locations long the line. If time permits, this should be
repeated on another day. The average of all the measurement values will be considered to
represent the average fair-weather noise level of the line.
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5 Examples for derivation of limits in the frequency range below 30 MHz
51 Radio reception

5.1.1 General

Examples of the calculation of limits are given below based on the assumptions discussed in
the preceding sub-clauses. Limits could also be calculated for different assumptions in
respect of signal level, SNR and distance from a power line. Conversely, for a given level of
noise, the minimum acceptable distance, for satisfactory reception of a given signal strength,

C

It

d¢pend on factors relating to both line design and local conditions. Th

di
cl

m
Fi
6

5

There are four parameters involved in
and 11b):

Si
fo
fr

b5.1.2 Principle

wld be calculated

age valuesTh
change w

should be borne in mind that the lateral attenuation laws quoted are ave

F{thermore, it should be remembered that radio-noise is ge

asured values should be corrected for the given ¢ ord g to 4.3.2 a
gure B.14 of CISPR/TR 18-1. For example, at 1 MHz '
dB lower.

the "protectta
can be satisfactorify

any three of thése pa

Il demonstra

5.1.3

the value~a i evel at the direct or the lateral reference distance, the protect
gnal level and gquired SNR are all known, the protected distance from the power li

I satisfactory radio“reception in the low and medium frequency bands may be calculat
bm the<formula given in Annex F:

[Fo—Fp g

%’
i
n/this sut-

g

d
fe
d

Dp:10L K )

where

E, is the reference radio noise level measured at 2m height above ground, either

in the direct reference distance D, of 20 m or in the lateral reference distance y; of 15m
in dB(uV/m)

E, = S, — R, is the acceptable noise level at D, in dB(uV/m);

p
Rp is the required signal-to-noise ratio (SNR), in dB;
Sp is the protected wanted radio signal level, in dB(uV/m).
Ep depends on Ej and Dp according to the attenuation formula given above:


https://standardsiso.com/api/?name=ee2ba0a6c3b47549b8ba4a5bc9964969

TR CISPR 18-2 © IEC:2010(E) - 33 -

E, = Eo— kg (D,/20) in dB(uV/m)

where factor k has a value of 36 and 33, for low frequency (I.f.) and for medium frequency
(m.f.) bands, respectively.

In

the m.f. band, this formula is accurate for distances up to about 100 m.

As an example, the distance from a given power line at which a wanted radio signal of
72 dB(uV/m) at 1 MHz may be received with a SNR of 35 dB is required. The line noise

m

pasured by the standard CISPR method Is tound to be o0 db(uv/m).

cqglculation is made:

P

R
A

M
di

N

(Tlhe 6 dB correction comes from Figure B.12 of

P

Therefore, the protected dist

5.6.1.4 Example 2
In| this second e a ; - nal‘at 1 MHz, 65 dB(uV/m), is to be protected with
SINR of 30 dB at dist g 00m from the power line. The acceptable referen

ng

P

A\

otected wanted radio signal level at 1 MHz
pquired signal-to-noise ratio (SNR)

cceptable noise level at protected distance from line

pasured noise level at the lateral or direct reference
stance, at 0,5 MHz

pise level at 1 MHz

otected distance (
D, =10t %

e

65 dB(uV/m)

Aftenuation from ~ 100

A

T

refetence frequency (0,5 MHz)

eréfore, acceptable reference noise level at CISPR

I'he Tollowl

44+35-72 +1,3)

earest conductor of the line.

65 — 30 = 35 dB(uV/m)
33lg—— = 23 dB
20

cceptablereference noise level, at 1 MHz 35 + 23 = 58 dB(uV/m)

58 + 6 = 64 dB(uV/m)

g

(The 6 dB correction comes from Figure B.12 of
CISPR/TR 18-1.)

5.

5.2 Television reception, 47 MHz to 230 MHz

This is under consideration. Insufficient information is presently available to permit

pr

esentation of meaningful examples.
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5.6 Additional remarks

Most field tests to data have been carried out in the low and medium frequency bands.
Therefore, any data presented on the v.h.f. band should be considered as provisional and
major conclusions should not be based on it. This whole subject is still under consideration.

If limits are based on noise levels measured and statistically evaluated in accordance with 4.5,
they also represent statistical values not exceeded for 80 % of the time. For conductor corona
noise it should be noted that these values are significantly higher than average fair-weather
levels. This factor should be taken into account when these values are compared with
standards for typical fair-weather conditions laid down in various countries.

As$ in the case of other sources of possible interference for which
efamples of limits presented here are based on the requirements Aor the protection [of
brioadcast radio reception for the large majority of listeners or vié onditiops
prievailing at the majority of sites during most of the time. Such valués gannot cater forthe fgw
eXceptional cases where a number of unfavourable factors coinci

Practice has shown that acceptable noise levels as prese in_thi use can be met with
well-maintained power lines of adequate design and con ) c considerably Iqw
ngise levels are found on many operational lines whg quire ef than radio noise
lepd to designs with larger conductor sizes (for exa i rrying capacity). lt|is
cqnsidered that the methods of deriving I|m| S\ i clause represent good
engineering practice and could serve as pch limits.

5|7 Technical considerations for derivatie its for_ line equipment and
HVAC substations

5.7.1 General

The principle for establishing li jioshoise voltage for line insulators and hardware and
sybstation plant and hardwa ¢ F-bands shall be that their contribution to the
aggregate noise level 0 ission-line isynegligible. This is applicable to a.c. lines whoge
cqnductors are < adients of about 12 kV/cm to 24 kV/cm or higher. This
principle pre-supposes i en noise produced by insulators and hardware ¢n
the one hand and noise produ ed bylifle conductor corona on the other hand. For other ajc.
lines, with a Iow c e noise voltage for line equipment shall be at least as
lolw as the ) fornequipment used on lines with a surface gradient of abogut
12 kV/cm. This princi icable to d.c. lines but no figures of gradient are quoted as the
reflations en-conductor corona noise and noise produced by insulators and hardware
is| not we S ee 8.2 of CISPR/TR 18-1) the corona noise being higher in dry
weather and i eather. Subclause 4.5 of this technical report describes the CISHR
mEthod of radio noi easurement in the laboratory. Subclause 6.2 of CISPR/TR 18-1 gives
the correlation betwe&en the radio noise voltage measured in uV, in the CISPR test circuit, due

to|lany noise source (as e.g. tested according to 4.5) and the radio noise field strength on site,
in|uV/m{ measured in accordance with the method described in 4.5.

For frequencies above a few megahertz, the correlations between the radio noise voltage and
the corresponding radio noise field given in 6.2 of CISPR/TR 18-1 do not apply. This means
that no principle for establishing limits for frequencies above the m.f. band has been specified
so far for HV overhead power transmission systems.

The radio noise field near a substation, generated by noise sources within the substation, may
be the aggregation of the direct radiated field and the guided field due to HF noise currents
injected into an overhead line serving the substation. At present, insufficient data are
available on the radiated component and therefore only the injected currents will be discussed.
Coordination between the injected HF noise currents and the currents produced by line
conductor corona applies also in this case.
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5.7.2 Current injected by line components and hardware

To evaluate the relative influence of insulators and conductors, it is sufficient to compare the
current generated by a complete insulator set with the aggregated current /| generated by a
span of one phase conductor of a line. If the current generated by the insulator set is less
than /|, its contribution to the aggregate noise field of the line will be small; if it is equal to /,
the increase in level due to the insulators will be approximately 3 dB; if it is greater than /,
the noise field of the line will be determined mainly by the effect of the insulators.

If the limit of the current of the insulator set is specified as /| /3, that is 10 dB below the level
offcurrent /, the increase In the field strength level of the aggregate noise field will be abgut
0,p dB. This increase is too small to be measured in practice.

In| addition to insulator sets, other components and hardware such a (s, vibration
ddmpers and aircraft warning devices have to be considered. If for 3 of
cgmponent or hardware there are N items per span the radio noise i should nlot

be greater than 1/\/ﬁtimes the level for the insulator set.

The aggregate radio noise current per span from all thes
agcording to experience, be determined by quadratic
cyrrents.

5[7.3

The equipment is considered as a genera i , indi i .2 of
C|SPR/TR 18-1. [ the propagation of the injected currgnt
alpng the line, that is, i i ic figld

agsociated with this current, To do this)\ mod

d line each with one or more circuits. F
e circuits, it is necessary to know not orly
the impedance ofall dance of the substation equipment, consisting
of| busbars, me@’n ners, capacitors, cables, etc., as seen from the
apparatus acting 3 e ) The current in the circuit under consideration can thé¢n

be calculated.

A|substation normally
determination of the ¢

Clearly. the case of a substation with only one circuit is the most unfavourable.

If the value of the current calculated in this way is equal to the value of the current produced
by line conductor corona, the increase in the radio noise field strength level at the substation
terminal tower will be approximately 3 dB but after 1 km or 2 km the additional noise current,
and consequently the increase in the field strength, will be insignificant.

5.7.4 Practical derivation of limits in the I.f. and m.f. band

a) Line components and hardware

The rigorous procedure is as follows: starting from the graph of the excitation function and
the matrix of the line capacitances (see 5.2 of CISPR/TR 18-1), the current I injected per
unit length of a phase conductor is calculated. To pass from this elemental current / to the
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aggregate current, generated by a span of length L, the law of quadratic summation is
applied:

L= L

When eventually comparing the current level generated by a complete insulator set with
the aggregate current level /|, it is advisable to include a margin of 10 dB in order to
ensure a negligible increase in the aggregate level of the noise field strength. The value of
insulator noise current level used in the comparison should be the maximum obtained
under the normal range of weather conditions for the area over which the proposed line
will run.

For practical purposes, a simple relationship can be derived from the formula (6) givenl|in
6.2.2.2 of CISPR/TR 18-1. The current level |/ from a single insula set should" not
exceed the value given by:

I=E-27-K, indB(uA)

where
I is in dB(uA);
E is the permissible radio noise field strength level during

Q
—
>
(]
=
(o]
o
>
Q
=
o
=
[

K, is the difference in dB between the condu ével in the referenge
weather conditions and that in weather hich the maximum insulator
noise is generated.

The formula includes the above-menti

b) Substation plant and hardware
The total current level Kinj int . substation should not exceed the vallie

given by:

where

I isin dB(pA);

E is the perrissij S,
in dB( e,

deriv
. Ce
wea i N

This formala'is derived from formula (4) given in 6.2.2.2 of CISPR/TR 18-1 for a conductor
height A,°6f' 15 m and a depth of penetration into the ground Pg of 7 m. No provision has begn
m[ade for a margin.

At the junction between a line and substation busbars there will usually be an impedance
mismatch. This may create standing waves of radio noise on the first few kilometres of the
line resulting in a variation of up to = 6 dB close to the substation. This is not taken into
account in the formulae given above.

NOTE 1 These limits are derived from the permissible radio noise field strength for a line.

NOTE 2 The main difficulty in the practical application of this principle is to simulate the service conditions for the
test objects in the laboratory. As mentioned in 6.3 of CISPR/TR 18-1, there is at present no agreed procedure for
simulating in the laboratory the more common service conditions but the matter is under consideration. Meanwhile,
it is proposed that measurements should be made on equipment in a situation closely related to service conditions.

NOTE 3 Limits for individual items of plant, for example switch disconnectors, circuit breakers, etc., cannot be
specified in this publication as these items are the responsibility of other bodies. However, the effect of these
individual items, when in their service environment, should be in accordance with the limits discussed above.
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6 Methods for derivation of limits for the radio noise produced
by insulator sets

6.1 General considerations

This technical report gives general procedures for setting up limits of the radio noise
produced by overhead lines and substations. In 5.7 technical considerations are given, with
reference to low and medium frequency broadcast bands, for the coordination of the radio
noise produced by the insulator sets with that produced by the conductors.

T?Le general principle for this coordination is to design the insulator sets in such a way(thfat
their noise contribution to the overall noise of the line or of the substation is negligiblecfor-any
syrface condition of the insulators. In this respect, a difference of 10 dB tween the radio
ngise current produced by one span of one phase conductor and
agsembly is considered as being adequate. In addition, following thi inci he noigse
cyrrent injected into the outgoing lines by the insulator assemblies ation
increase the intrinsic noise of these lines. To limit any increase
the radio noise current produced by each insulator assembly w

e)xceed the value Iy =/ n/\/ﬁ where [ is the line condug oiseyeutrent at the substatipn

of 3 dB,

Si

The above principle is economically justified when.t | produced by the conductars
is r
th nd
it ct
to of
eé he
lirfe.

A of
th le
Cq

S ) 3 er conditions is not the same for conductors and
in ol i ry
Cq

This clause_in i in
differen ' of
the insulato : he
limits and testyprocedures suggested are applicable to the cases of insulators to be install¢d
inlareas where theywill remain clean or slightly polluted. For insulators in polluted conditions,
with high:humidity and formation of sparks across dry bands, only some indications abolut
pgssible~remedies are indicated.

6.2—trsutator types

The criteria given in this publication are mainly applicable to cap-and-pin type insulators, for
which more complete information on the influence of surface conditions on the radio noise
performance of insulators is available. For long-rod insulators only a little data can be found in
the literature. However, it can be assumed that for this type of insulator the radio noise
problem is generally of little concern in clean and slightly polluted conditions; for heavy
pollution the conclusions that will be drawn for cap-and-pin insulators can be generally
applied to long rod insulators.

In addition, regarding cap-and-pin insulators, for practical reasons the majority of the
available data refers to single insulator units. However, as regards dry conditions, the
difference between the radio noise voltage levels of polluted and clean insulators obtained on
single units is directly applicable also to insulator sets, since the voltage distribution along the
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string is being determined by the string capacitances and therefore are not affected by dry
pollution. In wet conditions, both for clean and polluted insulators, the differences of radio
noise voltage levels in comparison with the dry conditions are generally lower for the strings
than for the insulator units considering the better voltage distribution in wet conditions:
conclusions on the above differences for insulator units are therefore on the safe side when
applied to the insulator sets.

6.3 Influence of insulator surface conditions

6.3.1 General

T}I\e analysis of the radio noise behaviour of the insulators in respect of the surface conditions
ismade with reference to the following classification:

—| clean insulators: it is an ideal condition in which the insulators remai tely clean,
close to the situation of the present laboratory test according to/thi eport and
IEC 60437;

—| slightly polluted insulators: no important dry-bands are presenti itions; it is the

The analysis of the data confirms that it is very diffi i i e
effects of surface conditions, due to the great d ¢ , i ne
inpulators are slightly polluted, and d ‘ i of
insulators.

Eyen with these limitations, je
quantitative estimations.

The following general in
insulators.

6.3.2 Clean in:ul

The radio noise | or

al| types of in vés an example of typical trends for individual cap-and-pin
i if rings the influence is more pronounced, considering the
fayourable.effe he-humidity, which linearizes the voltage distribution along the string. |In

any casée ¢ histi the radio noise level with an increase of the humidity is mugh

In| the presence of condensation without water drops, due to light fog or dew, the radio noige
bghaviour-of a clean insulator is similar to that of the same insulator at very high humidity (ile.
90 %4095 %).

The radio noise level of insulators increases in the presence of water drops on the insulator
surface (due to rain, thick fog or dew, snow, ice). However, this increase is generally lower
than in the case of conductors (10 dB to 12 dB compared to 18 dB to 22 dB).

The radio noise frequency spectrum of clean insulators is similar to that of the conductor.

6.3.3 Slightly polluted insulators

Under slightly polluted conditions, the majority of insulator types show radio noise behaviour,
as a function of the relative air humidity, similar to that of the same insulators in clean
conditions. However, some types of insulators with particular characteristics, such as high
mechanical performances or especially designed for very low radio noise in clean and dry
conditions, may present a different behaviour. As regards in particular the insulators with very
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low radio noise levels in clean conditions, a great increase of the radio noise level at relative

ai

In
th
at

In

r humidity greater than 50 % to 60 % was found for some of them, as shown by Figure 13.

the presence of condensation without water drops on the insulators, due to light fog or dew,
e radio noise behaviour of a slightly polluted insulator is similar to that of the same insulator
very high humidity (i.e. 90 % to 95 %).

the presence of water drops (due to rain, thick fog or dew, snow, ice) the radio noise

behaviour of a slightly polluted insulator does not appreciably differ from that of a clean

n

A
in

6.

in

(e
te
in

eXtends to highenfre S
frequency and television e ion can be disturbed.

sulator

5 in the case of clean insulators, the radio noise frequency spectrum
Sulators is similar to that of the conductor.

slightly pojluted

3.4 Polluted insulators

the presence of water drops_ o ins in; thick fog and dew) the critical situatipn

eavily polluted: here the predominant

S nds. After a certain time, depending on the
ensity of the rain, fog
ds to that of ,

ape of the insulator, the radio noise behaviour

to few tens of megahertz) than in the other cases: medium

N the basis of the considerations of the previous clauses the criteria for setting up limits and
sting«the insulators shall be established with reference to the different areas in which the
sulators are to be installed. These areas are:

Type Aareas: areas where the insulafors remain clean: they are generally characierized by

the absence of contaminating phenomena and frequent natural insulator
washing due to rain or high and frequent dew condensation;

Type B areas: areas where the insulators become slightly polluted: they are generally

characterized by low-intensity contaminating phenomena and by cleaning
agents such as rain or heavy dew condensation that limit the contaminant
accumulation on the insulator surface so that the formation of partial
discharges across dry bands appears very seldom;

Type C areas: areas in which the insulators become polluted so that the formation of partial

discharges across dry bands is frequent.
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6.4.2 Criterion for insulators to be installed in type A areas

For these areas the present radio noise test on clean and dry insulators is sufficient. The
coordination criteria and the margin M of 10 dB indicated in 6.1 guarantees an acceptable
radio noise performance of the insulator sets in any atmospheric conditions. Considering the
great influence of the relative humidity, the test should be performed in a limited range of
humidity (e.g. 50 % to 70 %).

6.4.3 Criterion for insulators to be installed in type B areas

For P y bn
criteria and margins indicated in 6.1, is not sufficient to guarantee in all cases an acceptable
radio noise performance of the msulator sets in any atmospheric co . infact, as
rejported in 6.3, in the case of very high humidity or condensation, a i e
r

T¢ take account of this fact, it is recommended to maintai nd dry
insulators which has been defined (see this technical report ad IEC easy to perforim
and well reproducible, but to adopt a greater safety margin 8 wstlators to be
ingtalled in type A areas.

This procedure could be too conservative for many/insula i , ice |of
the most appropriate additional safety margin shaould 9 i i ing infto
agcount the reciprocal radio noise behauvi i i i Ce
and ambient conditions and the frequency e iti i Ier
cqnsideration. As guidance, considering th
reference to an average moderate climat iti i in
total) should be adequate for high-voltage |

NQTE The possibility of introducing\an/alternati at
high humidity (75 % to 90 % € i mended because it requires a new test procedyre
to|be set up, which is difficult and_expensive. is, i ) difficult to obtain in the laboratory a reproduciple
pdjllution layer duplicating the natdral 'ght lIu ion taking into account the fact that the radio noise level depends
on| the distribution of the i C ; incaddition, ibwould be necessary to perform the test in a climatic room,
in forder to maintain‘t elati e ed range. Some attempts have been made to perform the t¢st
on| insulators artificia ol i urry \whichy maintains its humidification during the test: for light pollutgnt
layers, this procedure is; L qui aplex/and requires very sophisticated methods of pollution applicatign.
Fgr these reasons, tests\o i insulators can only be considered for research purposes.

6.4.4 ators to be installed in type C areas

For these § present radio noise test on clean and dry insulators does not give any
indicatio i e behaviour of the insulators in wet and polluted conditions. Fpr
these conditionsysa specific test on artificial heavily polluted insulators should be considered.
It|is, however, difficylt to control the radio noise level of wet polluted insulators, which
d¢pends on)the design of the insulators, the type of deposit and the non-uniform distributiopn
ofl the pollttion deposit on the insulator surface and along the string.

InL6.3.4 possible remedies have been indicated, which may involve drastic reduction of the

voltage stress, use of special insulators, greasing or washing.

6.5 Recommendations

In the light of present experience it is possible to give the following recommendations (Table 3)
for test methods and radio noise limits to be applied to insulator sets to be installed in the
different areas defined in 6.4.

It is worth remembering that the recommended procedure consists in tests on clean and dry
insulator sets, both for insulators to be used in areas where they will remain clean (type A
areas), and for those to be used in areas where they will become slightly polluted (type B
areas). The only difference is that lower limits of the radio noise voltage are required for
insulators to be installed in type B areas.
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For the evaluation of these limits the margin M indicated in 6.4 between the total electric field
strength level E_ produced by the conductors and the total field strength level E; produced by
the insulator sets of the line is applied (M =10dB and M =18 dB, for insulators to be used in
type A and type B areas, respectively). The relationship between the total field strength level
E; produced by all the insulator sets and the radio noise current level /g produced by a single
insulator set is given by the following simplified formula (formula (6)) of 6.2.2.2 of
CISPR/TR 18-1):

E =I,+A+(D—-10Ig (s/500)) + C in dB(uV/m)

W LA~ ~]

A| takes into account the splitting of the injected current / on either sides of the injecting
point (in the most common case, for a relative long line, A = —6 dB);

(O - 10 1g (s/500)) takes into account the aggregation of the noise saurce along. the line for
span lengths s in metres, at a length of 500 m (average values of/D-\lie between 0 dB and
12 dB);

C| is the field factor that gives the correlation between the lex
and the noise current (at a direct distance of 20m fro
configuration, C lies between 7 dB and 12 dB);

| is given in dB(uV/m), and /g in dB(uA).

A$ an example, considering the average values give ameters of the formula,
and a span length of 500 m,

Since it is used to express the radio npis 8 <, produced by a single insulator get
in[terms of the radio noise voltage level
the resulting voltage leve

and this relation@

Table 3.

~J

9
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Table 3 - Recommendations for the radio noise voltage limits and for the test methods
for insulator sets installed in different areas

Type of area where the insulator
will be installed (Clause 4)

Radio noise voltage limits

QP detector according to
CISPR 16-1-1

(in dB(nV) across 300 Q)

Test methods

A E +23 According to this technical report
and IEC 60437
B E +15 (on clean and dry insulators)
Indications for limits and test procedures applicable to insulators, to)pe
installed in type C areas cannot be given at present. Possible remedies,|in
c the case of non-acceptable radio noise levels, reduction” of the

voltage stress by means of longer insulator stri
the greasing

use of composite insulators;
insulator sets.

age paths; the
c washing of the

E =50 % fair-weather radio noise voltage level produced by the conductor at the distanc of from the
outer phase of the line in dB(uV/m)

NOQTE 1

Fdr lines of special design (having particularly low conductor n0|
could lead to uneconomical requirements for the insulators; to

The limits reported are applicable to lines characterized by co
admissible level (voltage gradients higher than 12 kV/cm to 14 kV/cm).

these lines provided that if E. is intended not as the conductor noige

produced by the conductors of a line of the same category

conpductor design.

NQTE 2 The values apply to line insulators; similar~approaches can

to|the noise in the substation itself and the noise‘cond

0 the maximyim

rmula\could be utilized also ger
er/consideration, but the ope

wergeometry, region, etc.) with normal

7. General consid
There are princ@
stptions and simila
inporporating thyristers
and hardware ca

held to acc [

sthption.
breakdown of.the
noise due
cgnverter equipn ent a

Wlithout sahy suppression measures, the radio noise level from the converter or the contirol
vdlves gould be intolerable and it is, therefore, necessary to reduce this level to an acceptable
vglde,with appropriate methods like those indicated in 7.3.3 and 7.4.2.

7| Methods for derivation of

er or control valves cause interference due to the rapid
between anode and cathode during valve firing. This noise, unlike
ependent of weather but is influenced by the characteristics of the
d by the valve operating conditions.

er
$),
s,
ly
he

An evaluation of the radio noise radiated directly by a converter valve can be performed by
means of the analytical methods of calculation proposed in the literature [34], [35], [36], [37].
Reference [34] also gives methods of calculating the high-frequency oscillations in the station
using simplified equivalent circuits.

The disturbance levels shown in Figures 15 to 22 are not to be considered as typical
reference values. They are simply given as examples of the influence of the different
parameters considered (distance from the station, technology of the valves, etc.) on the levels

of disturbance.
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7.2 Sources of interference
7.21 Mechanism of radio noise generation

An HVDC converter station is generally made up of several converter groups. Each one of
these groups normally comprises six valves (thyristor valves and also mercury arc valves in
the past) fired cyclically at the power frequency. For obtaining higher voltages, several
bridges may be connected in series per pole. The bridges are connected to the converter
transformers on the a.c. side, and to the smoothing reactors on the d.c. side. A large amount
of auxiliary equipment is also connected on both sides of the bridge circuits.

An SVC installation usually consists of a set of thyristor controlled reactors (TCRs) ‘and
thiyristor switched capacitors (TSCs). The physical arrangement of the thyristor yalves [is
similar to that of HVDC converter stations. The thyristors for the TCRs (are switched”over|a
range of firing angles to control the current to the reactors, while t
switched at a fixed point-on-wave (zero cross-over).

D ry
Cy ne
pd 5e
Cq c v Valve id
that each pulse can, from a radio noise standpojfnt, be i re
aq he
s er
Cq nt
fr

The switching times during both turn-on a er

off have a voltage collapse time of {ip
to : s. The reason for this is the use |of
ddmping circuits withi ¢ fact that the thyristor valve is composed [of

a [number of thyristors S i es.~As“a consequence the generated noise is [in
principle lower for_thyri 3 \ercury arc valves. Figure 14 shows the frequengy
spectra, record@ g - ansient phenomena of the same amplitude with
rige times of 18§ values for mercury arc and thyristor valves,

refspectively).

Duyring both off of the valve, transient voltages and currents appear in the
system as_a f\the ribution of the energy stored in the reactive elements before|a
new steady E ed. During turn-off, most of the energy is stored in the inductance [of

th i . Ahus, the transition to the new steady-state condition is achieve¢d
ively low natural frequencies of the transformer and the system. During
turn-on, however,the energy to be redistributed is stored essentially in the various stray and
lumped capdcitances. This produces a rather complex system of oscillations whose spectrum
d¢pendsnot only on the amplitude and shape of the voltage collapse across the valve, but
alsoon‘the layout of the connections and equipment connected. The noise spectrum extengls
in[fréquency up to a few megahertz.

This radio noise may be emitted directly from the valves and associated equipment
comprising, in this instance, mainly the feeders and the busbars of the converter station.
These busbars will often be of considerable length and well able to act as efficient radiators.
The converter station will be, of course, connected to incoming and outgoing a.c. and d.c.
circuits and these may consist of overhead lines. The radio noise will be guided and emitted
from such overhead lines.

7.2.2 Influence of station design on radio interference

As anticipated, the radio interference generated is influenced by the steepness of the valve
firing voltage. For this reason, the radio noise level generated by thyristor valves will be lower
than that produced by mercury arc valves.
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Besides the amplitude of the voltage collapse at the valve firing and the time of this collapse,
the noise from the valves is primarily influenced by the height and capacitance to ground of
individual valves. The radio interference has therefore a tendency to increase by the voltage
and current rating of the valves as an increased rating means increased valve size. On the
other hand, the noise is little influenced by the number of operating valves in a station. This
has also been confirmed by measurements in operating converter stations.

The switchyard layout and the height and length of the busbars have also a great influence on
the generated disturbance. A compact design of the switchyard will therefore have favourable
effects on the radio noise generation. A practical solution consists of moving the converter
tr*nsformers into the valve hall and using the transformer bushings as valve hall bushings.
This solution lowers the radio interference significantly because the radiating loop betwegn
vdlves and transformers is small as it is entirely located inside the  electromagnetically
sqreened valve hall. Additional reduction of the radio interference from ¢ g di

bg achieved if the converter transformers were built with grounded ele i NS
bgtween the two windings.

[

Oll-cooled thyristor valves will require a metallic tank. In this <case
effectively screened electromagnetically, and the radjo~_interf
significantly reduced.

repce \ problem will e

7.8 Radiated fields from valve halls
731 Frequency spectra

Examples of frequency spectra due to di adiati ( i i in
Figures 15 and 16 for converter stations ipp N i s,
refspectively. No qualitative differenc ] d between the radio noise specfra
g¢nerated by mercury arc and thyristor\val ~

73.2 Lateral attenuation
The interference frem ]
and their conne ipment. The physical size of the radiating loops
is[small compared”te the noise in the range of frequencies of intergst
(0,15 MHz to 30 MH onverters can, from a radiation standpoint, be treat¢d
ag vertical electrica i ith/a pure capacitive radiation impedance). As a fifst
approximatio al formulae derived from the antenna theory can be used to predict
the lateral atte i

The attenuati ise level is approximately proportional to the inverse of the square |of
th dlstance freq encies up to 1 MHz and becomes proportional to the inverse of the
diptance for highérfrequencies (>10 MHz).

The attenuation of the radio interference levels calculated as a function of the distance
given in Figure 17 for different frequencies.

S

7.3.3 Reduction of the radio interference due to direct radiation from the valve hall

The electromagnetic screen of the valve hall has proved to be effective for reducing the
radiated noise level from the converter valves. Solid metallic sheets, perforated sheets, and
wire mesh may be used to achieve the desired shielding. However, due consideration should
be given to the construction techniques, availability of materials, and overall cost before the
design of the valve hall can be finalized.

Metallic screens having a high conductivity, and preferably also high permeability, in the form
of either solid plates or wire mesh, are generally used in the walls and ceiling of the valve hall
to provide the electromagnetic shielding. Together with the wire-mesh ground grid embedded
in the floor, they form a Faraday cage around the valves. By taking appropriate precautions to
ensure good contact between different sections forming this Faraday cage, the radiated
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interference can be attenuated by 40 dB to 60 dB. Any discontinuities, gaps or holes in the
shielded enclosure will naturally reduce the attenuation.

The connections between the valves and the a.c. and d.c. sections of the outdoor switchyard
provide a conductive coupling resulting in a radiation from the busbars and the various
elements in the switchyard itself. This radiation may thus become much more important than
that from the valve hall and thus the screening of the valve hall may not be sufficient to
achieve the requirements on the radiated field strength from the converter station. In such a
case also the radiated field strength from the switchyard shall be reduced. To do this at least
two ways are possible. The first is to reduce the noise level coming through the valve hall
byshings by installing filters. Another is to screen the entire switchyard electromagnetically.| If
ngise reduction within a narrow bandwidth is required, the first method is normally adopted.
T¢o make the filters more effective, they may be enclosed with the valve bushings’in an
electromagnetically screened building adjacent to the valve hall.

7.|: Conducted interference along the transmission lines
1

74. Description of the mechanism and typical longitudinal profiles

Radio interference currents are transmitted from the converterwa | to
the a.c. lines connected to the converter station. h-
frequency currents are conducted through the er
transformer windings. A grounded shield between| windings, could is
transfer.

The radio interference spectra due to currents S he
similar to those generated by corona, amg ) he
HYDC line at a short distance from a 9
for an a.c. line. Figure 20 asured in the vicinity of the electrogle

line, at a distance of 1,
and mercury valves.

ar station operated with thyristor valves

The radio interferénce\caused b 3 oise currents on the outgoing lines has begn
foT.md to be do quence component of the currents. The attenuation of
thijs component is“ve i¢ ' e that of line-to-line modes and therefore the radio
ngise level at a gQive i the line decreases rapidly with distance from the
cqgnverter station\ At\hig dista g, the line-to-line mode components will dominate. As|a
cqnsequence i erence due to the valves is overridden by corona noise [at
diptances exceeding (3 10 km from the converter station. For a.c. lines, the
cqrresponding \ distanc¢e s somewhat longer. As a guide, an attenuation rate for the
lohgitudin 3f the radio noise equal to about 4 dB/km can be assumed [13], [14], [44]

Results of .measu ent of the frequency spectra along a d.c. transmission line at differeint
distances\from the converter station are given in Figures 21 and 22. It has to be rememberé¢d
thiat insthe measurements performed in the vicinity of the first spans, the contribution of tihe
difectradiation from the converter station cannot be disregarded.

For the evaluation of the lateral attenuation of the radio noise from the line, see 8.2 of
CISPR/TR 18-1.

7.4.2 Reduction of the interference conducted along the transmission lines

The electromagnetic disturbances due to valve firing, conducted and radiated from the d.c.
and a.c. lines connected to a converter station may disturb not only the radio reception but
also powerline carrier systems. For these telecommunication systems, especially in the
frequency range from some tens to a few hundreds of kilohertz where the level of disturbance
may be relatively high, filtering may be necessary.

Band-pass filters made of capacitors and inductors (generally with resistive dampers) shall
take into account the stray capacitances and inductances of the bus connections and
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equipment. If filtering were necessary even in the frequency range above 1 MHz, simple filters
made of a single conductor parallel to the line with a length equal to a quarter of the
wavelength to be protected can be used. It has, however, to be noted that these filters allow
for the protection of only a limited band of frequency.

7.5 General criteria for stating limits
7.51 Overview

In the case of HVDC converting stations, as for the radio interference from transformer
stptions, the assessment of general criteria 1or determining NmMits shall take into account ihe
two propagation ways of the noise:

—| direct radiation in the area around the converting station;

—| propagation of the noise along the d.c. and a.c. lines starting fro

NQTE In limited areas close both to the converter station and to outgomg lines S vithi vo
kilpmetres at the most from the border of the converting station), there is a iti a of
nojise propagatlon The effect of this superposition is dlfflcult to be pred ted\ If it is(de e er

7.5.2 Direct radiation

The radiated field strength at a reference d|st fr.e r of the converting statipn

should be limited according to the critéri [ fthis technical report, whigh
tates into account an acceptable signal to hois io (SNR) and the statistical distribution |of
the noise level. To this purpose, i . the radio noise produced by
cqnverter stations is not correlated, as corona n' e weather conditions. The referenge
80 % value can be derived from a stati ibuti here the variability is determined by
the different possible conditions 0 onverter station (functioning as inverter
on rectifier, firing and extinction™a , rect voltage, etc.).

In| practice, in the~ver freque VDC converting station operating for more than
80 % of the tim iti emominal conditions, the 80 % radio noise level Will

cqincide with that ©

75.3

T?Le basic criterion™ f ontribution of the radio noise current due to the operation |of
the conyerti i in each line, d.c. and a.c., connected to the station, shall not
sybstantially i se~the intrinsic noise level of the line beyond a given distance from the

stption. This 'stanc shuld be determined considering the type of area crossed by the line
(rfiral areas,\resid al area, etc.). To keep this increase within 3 dB at the above-mentionéd
digtance,.the noise Current level arriving in that point from the converting station should be
anound.10°dB lower than the noise current level of the line.

T . lue f : I . f i I he line,
corresponds to the total noise current value produced either on the a.c. side or on the d.c.
side of the station divided by the number of a.c. and d.c. lines, respectively, diminished
according to the expected longitudinal attenuation from its injection point to the point of
observation at the line. Unless more specific information is available, the longitudinal
attenuation factors indicated in 7.4.1 can be taken as a reference.

To determine the 80 % limits of the radio noise current generated by the converter station, the
variability of the noise currents of the line (depending on weather conditions) and that of the
converter station (depending on the operating conditions; see 7.5.2) shall be taken into
account. As the variability of the intrinsic noise of the line is generally much higher than that
generated by the station, the limit for the station noise current level can be determined
conservatively comparing directly the 80 % values of the two distributions.
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Based on the above indications, the 80 % value of the noise current level from the converting
station, /gg o,_cs,» May be put in relationship with the 80 % value of the level of the line, Igg o, ,
both expressed in dB, by means of the following formula.

w
n
A

I80%-CS = ISO%-L + A+ 20 |g(n) -10 in dB(l.LA)

here

is the number of d.c. or a.c. lines;

accepted.

NOQTE To verify that the radio interference level at a given lateral distance from the line

in

o

omplies with the criteripn

icated above, the measurements should be performed at a longitudinal distance\\from the\ barder of the
copverting station sufficient to avoid the superposition effect mentioned in 7.5 (more
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referénce level of a power line, here at the direct reference distance of 20 m
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Figure 14 — Example of frequency spectra of pulses with different rise times, simulating
commutation phenomena in mercury valves and in thyristor valves

(see reference [39])
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