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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

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriping
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote
nternational co-operation on all questions concerning standardization in the elgcttical and electronic fields| To
his end and in addition to other activities, IEC publishes International Standards, Technical Specificatipns,
fechnical Reports, Publicly Available Specifications (PAS) and Guides¢ thereafter referred to as f{IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interegted
n the subject dealt with may participate in this preparatory works “International, governmental and mnon-
povernmental organizations liaising with the IEC also participate in(thjs preparation. IEC collaborates clogely
ith the International Organization for Standardization (ISO) in*accordance with conditions determinedq by
hgreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattérs express, as nearly as possible, an internatipnal
Consensus of opinion on the relevant subjects since edch“technical committee has representation from all
nterested IEC National Committees.

3) |EC Publications have the form of recommendations™or international use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of [[EC
Publications is accurate, IEC cannot be held\responsible for the way in which they are used or for |any
misinterpretation by any end user.

4) |n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatjons
ransparently to the maximum extent possible in their national and regional publications. Any diverggnce
between any |IEC Publication and the €orresponding national or regional publication shall be clearly indicatdd in
he latter.

5) |EC itself does not provide any.'attestation of conformity. Independent certification bodies provide conformity
hssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|any
bervices carried out by independent certification bodies.

6) RAll users should ensuréithat they have the latest edition of this publication.

7) No liability shall attach’ to IEC or its directors, employees, servants or agents including individual experts [and
members of its technical committees and IEC National Committees for any personal injury, property damage or
bther damagetef*any nature whatsoever, whether direct or indirect, or for costs (including legal fees) [and
expenses atising out of the publication, use of, or reliance upon, this IEC Publication or any other |[I[EC
Publications)

8) HAttention, is drawn to the Normative references cited in this publication. Use of the referenced publicatior]s is
ndispensable for the correct application of this publication.

9) Attention is drawn to the nﬁQQIhIlIf\I that some of the elements of this |IEC Publication may he the euhm t of

patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

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

Thig third edition cancels and replaces the second edition published in 20T0. This ediion
corstitutes a technical revision.

Thik edition includes the following significant technical changes with respect to jthe previpus
edifion:
a) |updated description of the RF characteristics of spark discharges;

b) |measurement method for radiated disturbances in the frequency range from 300 MHz to 3
GHz.

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

DTR Report on“voting
CIS/B/654/DTR CIS/B/675/RVDTR

Ful] information on the voting for the approval of/this technical report can be found in fthe
repjort on voting indicated in the above table.

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

A list of all parts of the CISPR 18¢series can be found, under the general title Radio
intgrference characteristics of overhead power lines and high-voltage equipment, on the IEC
website.

The¢ committee has decidéd,that the contents of this publication will remain unchanged until
the| stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specifictpublication. At this date, the publication will be

* |[reconfirmed,

o |withdrawn;

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

A blilindual version of this publication may be issued at a later date.

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

s Technical Report is the second of a three-part series dealing with radio noise generated
electrical power transmission and distribution facilities (overhead lines and substations). It

contains recommendations for—econduction performance of on-site measurements of

ele

ctromagnetic 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 recommendations given in this Part 2 of the CISPR 18 series are intended to be a useful

aid

to engineers involved in maintenance of overhead power lines and substations and also to

anyone concerned with checking the radio noise performance of a line to ensure satisfactory

protection of radio reception. Information on the physical phenomena involved. in

generation of electromagnetic noise fields is found in CISPR TR 18-1. It also inclddes [the

ma

a Jode of Practice for minimizing the generation of radio noise.

Thi
tec
tho

fiek
dis
sin

corhmunication. However, because

1)

2)

the
in

n properties of such fields and their numerical values. CISPR TR 18-3 eventually contdi

hnical reports issued by IEC. The—f-HLsie second edition of CISPR TR 18-2 under
rough edition and adaptat|on to modern termlnology

= ThIS thlrd edltlon now also covers an adequate method~0f measurement for radia
urbances from HV overhead power lines and substations ip.the range 300 MHz to 3 GHz,
Ce gap-type discharges can be a potential noise sourcendisturbing modern digital radio

there is not sufficient experience and informatioh regarding gap-type noise and thus
further investigations regarding noise charact€ristics and how gap noise disturbs digital
radio communication are necessary,

gap noise is not persistent in normal operation of the electric power facility and tendg to
emerge from defective components,

Fe is no discussion in this edition reggarding technical considerations for derivation of limits
he frequency range 300 MHz to 3\GHz.

The CISPR 18 series does not-deal with biological effects on living matter or any issties

relgted to exposure to electromagnetic fields.

The¢ main content ofithis technical report is based on historical CISPR Rec. No. 56 giyen

bel

RE

DW:

COMMENDATION No. 56

METHODS OF MEASUREMENT OF RADIO INTERFERENCE CAUSED BY
OVERHEAD POWER LINES AND HIGH-VOLTAGE EQUIPMENT AND
THE PROCEDURE FOR DETERMINING LIMITS

The CISPR

CONSIDERING

a)

b)
c)

that a general description of the radio interference characteristics of overhead power lines
and high-voltage equipment has been published in CISPR 18-1,

that the methods of measurement of these characteristics need to be established,

that national authorities require guidance on the procedure for determining limits of such
radio interference.
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RECOMMENDS

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 's

rad

The methods of measurement in CISPR TR 18-2 detail the techniques and procedures for

wh
oVv§
of i

Wi

Thi
noi

The procedures are only valid for long and medium-waves because procedures applicablg

VH
bro|

It id
intq
wh

Thja procedures for determining limits define the expected values of radio noise field and

io interference are recommended.

bn measuring electromagnetic fields arising from radio interference atnsites close
rhead lines and also the techniques and procedures for making laboratory.measureme
hterference voltages and currents generated by line equipment and accessories.

th of the "disturbed" corridor following the route of the line.

5 corridor takes into account the effective field strength of\the wanted signal, the signal
e ratio selected and the expected strength of the noise field for a given line.

F-frequency-modulation analogue television bfgadcasting and digital terrestrial televig
adcasting have not yet been decided, due toiinsufficient knowledge.

rnationally. Rather it details the procedures to enable national authorities to specify lin
bre it is decided that there is a need for regulations.

ich

iIse
to
nts

the

—

O-

to
ion

emphasized that this part of CISPR 18cdoes not specify a single set of limits to be applied

nits
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The frequency range covered by this publication is 0,15 MHz to-300-MHz @-GHz.

A deneral procedure for establishing the limits of the radio noise field from the power li
and equipment is recommended, together with typical values as)examples, and methods

me
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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

Asurement.

5 part of CISPR 18, which is a Technical Report, applies to radio noise from\overhe¢ad
power lines and high-voltage equipment which may cause interference to radio-reception.

hes
of

The clause on limits concentrates on the low frequency and*medium frequency bands and it is

onl

exgmples of limits to protect radio reception in the frequency band 30 MHz to-300-MHz 3 Q
haye been given, as measuring methods and certain other aspects of the problems in
ban

Th
pr

the| appropriate transmitters in theradio frequency bands used for a.m. radio broadcasting
the| least favourable conditions(likely to be generally encountered. These limits are inten
to [provide guidance at thelplanning stage of the line and national standards or o
spdcifications against which ‘the performance of the line may be checked after construc
and during its useful life.

Th
cor
See

2

y in these bands where ample evidence, based on established practice, is available.

values of limits given as examples are calculated to provide a reasonable degre€
ection to the reception of broadcasting at the boundary of the recognized service areaf

No
Hz
his

d have not yet been fully resolved. Site measurements and service experience have
shgwn that levels of noise from power lines‘atrfrequencies higher than 300 MHz in nor
opgration are so low that interference is unlikely to be caused to television reception.

mal

of
of

measuring apparatus and methods used for checking compliance with limits sho
nply with the respective CISPR specifications, as e.g. the basic standards series CISPR

(11"

Normative references

ed
er
ion

L in

uld
16,

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. 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 1

Ele

ctromagnetic compatibility

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

1 The figures in square brackets refer to the Bibliography.

61:
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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

ISQ IEC Guide 99, International vocabulary of metrology — Basic and general~concepts and
asdociated terms (VIM)

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

For the purposes of this document, the terms and definitions™given in IEC 60050-161 and [the
ISQ IEC Guide 99 apply.

ISP and IEC maintain terminological databases fafyuse in standardization at the following
addresses:

e |IEC Electropedia: available at http://www.eléctropedia.org/

e |[ISO Online browsing platform: availablg at http://www.iso.org/obp

4 | Measurements

4.1 Measuring instruments

411 Response of a standard quasi-peak CISPR measuring receiver to AC generated
corona noise

CI§PR 16-1-1 specifies the response characteristic of a measuring receiver to periodically
repeated pulses, according to their repetition frequency, for a number of different frequepcy
ranges and bandwidths including the range 0,15 MHz to 30 MHz and a resolution bandwidth
of 9 kHz.

Figure d.indicates the form these pulses take as they progress through the various stageg of
the| measuring receiver. However, in the special case of corona pulses generated by high-
voltage AC power systems, the individual pulses are not equally spaced throughout a cycle
but occur in closely packed groups or bursts around the peak of the voltage waveform. A burst
has a duration not exceeding 2 ms to 3 ms and this is followed by a quiescent no-corona
period.

Owing to its inherent time constants, a standard quasi-peak CISPR measuring receiver is
unable to respond to individual pulses within a burst, which is seen as a single pulse whose
amplitude is discussed below.

Hence, the pulse repetition frequency, in the meaning of the CISPR definition, is constant at
2 f (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.
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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.

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. 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
ang—are—given—n atse—4—o PRTFFR48-3- shettdberotedthatthetoudspes f a

radjio 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
shquld be borne in mind that each individual pulse becomes, at the output of the ‘amplifief of
Figure 1 of pass-band Af, a damped oscillation whose duration can be taken as approximafely
2/RBW (i.e. 0,5 times its IF amplifier resolution bandwidth), or 0,22 ms for 9 kHz. When there
arela large number of pulses distributed at random within a burst, the resulting oscillations will
ovgrlap randomly and the overall quasi-peak signal will be approximately equal to fthe
quddratic sum of the individual quasi-peak values. This statement/which is difficult to prove
mathematically, has been well proven by experience and justifies the use, in quasi-pgak
detection, of the quadratic summation law which would moréeaver be rigorous if the nqise
levels were expressed in RMS values.

4.1[2 Other measuring instruments

Mepsuring instruments differing from standard CISPR instruments are referred to in Anneix A
although measuring instruments having detectors other than quasi-peak are also referred t¢ in
CISPR 16-1-1.

4.2l On-site measurements on HV overhead power lines
4.2|1 General
Onisite measurements in the vicinity of HV overhead power lines should be carried ouf in

acdordance with the instructions given in this subclause. Further information about a possible
asgessment and documentation of measured data is found in 5.3.5 and 5.4.

4.2(2 Measurements'in the frequency range 0,15 MHz to 30 MHz

4.212.1 Reference frequency

The reference/measurement frequency is 0,5 MHz. It is recommended that measurements pre
mafe at a\frequency of 0,5 MHz + 10 % but other frequencies, for example 1 MHz, may dlso
be used: Fhe frequency of 0,5 MHz (or 1 MHz) is preferred because, usually, the level of rgdio
ise

Because of the possibility of error due to the presence of standing waves, it is inadvisable to
rely on the measured value of the radio noise field strength at a single frequency but to draw
a mean curve through the results of a number of readings throughout the noise spectrum.
Measurements 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.

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
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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.

NoFE According to the ANSI/IEEE Standard 430 (1986) [4], the antenna height uJing
mepsurement vehicle is recommended as below:

If 4 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 antefna
combination should be calibrated to confirm the antenna factors and to check for existencg of
azimuthal asymmetries in the antenna pattern, as described® in Section 5 | of
IEHE Standard 473 (1985) [5].

A ¢heck shall be made to ensure that the supply mains,Sif used, or other conducfors
corlnected 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

To|determine the radio noise performance of aine, certain positions of measurement shquld
be |avoided; but these restrictions would not\apply when an investigation into a case| of
intgrference is being carried out.

Mepsurements should be made at mid-span between the towers and preferably at sevTraI
sudh positions. Measurements should hot be made near points where lines change direcfion
or intersect.

Sites at an abnormal heightiof span should be avoided. The measuring site should be flat,
fre¢ from trees and bushes-and remote from large metal structures and other overhead poyer
and telephone lines.

Ideplly the measuring site should be at a distance greater than 10 km from a line termination,

in prder to aveid ‘reflection effects and consequently inaccurate results, but lower voltage

distribution lines are sometimes too short to enable this condition to be met. However, fthe

results of\measurement (see reference [6]) indicate that the level of the radio noise fleld

strgngth-in the absence of reflections corresponds to the geometric mean of the maximum Tnd
i

mirlimum values, in microvolt per metre (uV/m), of the frequency spectrum from a line

subjected-to-reflections-

If the line is transposed, the measuring site should be located as far as possible from the
transposition towers.

The atmospheric conditions should be approximately uniform along the line. Measurements
under rain conditions will be valid only if the rain extends over at least 10 km of the line on
either side of the measuring site.

Annex B gives a list of such information.
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4.2.2.4 Selection of measurement points lateral to the pathway of the overhead
HV power transmission line

Measurements are performed e.g. for determination of the lateral field strength profile of the
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 ovefrall
typ|cal lateral field strength profile of the radio noise field of a given overhead HV. poyer
tramsmission line, it may be sufficient to consider lateral distances y in the range from=0 m to
200 m.

In lorder to allow for comparison of measured lateral profiles of the radio noise figlds
gernerated by several individual HV power transmission lines of the same.type or by seveéral
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 leyel.
Prgctice proved that this is the case for a distance of 15 m taken laterally from the vert|cal
projection to ground of the outmost sub-conductor (i.e. thé reference point) of fhe
trapsmission line concerned. That is why this 15 m distance is_defined as the lateral reference
distance y, for comparison of different lateral profiles.

normmalised profiles should either be related directly.to that lateral reference distance of 1% m
or,|in case that measurements could not be performed at that distance, the results obtained
shquld be normalised to the reference distance by means of the interpolation described in fthe
next paragraph.

In prder to allow for subsequent comparison with ©&ther lateral radio noise field profiies,

NOTE In the case of most conventional overhead HV power transmission lines already in operation, |the
norhalised versions of lateral profiles of thesradio noise fields obtained in a direct distance of 20 m from|the
neafest conductor converge through the same indication level as those obtained in the new lateral referdnce
distfnce of 15 m, due to the usual height-of the conductors above ground.-+sheuld-heweverbe keptin-mind{fthat
However, the direct distance of 20 m used so far-may can prove impractical for prediction of the radio noisq for
trangmission lines utilising higher voltages and for which high towers-may can be used. In order to also allow for
megsurements at ground level also.in’ these conditions, the CISPR reference distance of 20 m taken directly from
the hearest sub-conductor of the line was changed to a lateral distance of 15 m, see explanation above.

When the-ebtained profile of the radio noise field is plotted as a function of the distance usling
a lggarithmic scale,\a)substantially straight line is obtained. Under these conditions, the fileld
at PO m (direct distance) or simultaneously 15 m (lateral distance) is readily obtained|by
intgrpolation ofsextrapolation (see Figure 3).

The heightsof the axis of the lowest phase bundle of sub-conductors above ground should| be
mepsured at mid-span and recorded in the test report.

NOoTE Regarding the prediction formula covered in CISPR TR 18-3, care should be taken when
calculating the emissions since it still refers to the direct distance.

4.2.3 Measurements in the frequency range from 30 MHz to 300 MHz
4.2.31 Reference frequency

Because the frequency bands dedicated to television broadcasting vary in the countries
around the word, a single reference measurement frequency for—neise interference in
television broadcast frequency bands cannot be fixed in the same way as-like-neise done in
the a.m. sound broadcasting frequency ranges. However, it is recommended that
measurements are made at a frequency of 75 MHz but other frequencies, for example
150 MHz, may also be used. These frequencies should be selected since the noise strongly
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affects the video signal of broadcasting in the lower v.h.f. bands. The frequency of 75 MHz
(or 150 MHz) belongs 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-aHocated positioned 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

anteppa-is—not-perpendicularto-the direction-of the power line but tilts about 5° or o 10° to
PP g T

the|perpendicular direction of the power line.

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

To|determine the radio noise performance of a line in the v.h.f. frequencgy-range, cerfain
pogitions of measurement should be avoided; however, these restrictions would not agply
when an investigation into a case of radio interference is being carried.out.

As [there are no standing wave phenomena as in the lower freqiency range, measuremgnts
carl be made at any position in the span. Sites at an abnorfmal height of span should|be
avdided. The measuring site should be flat, free from trees andbushes and remote from lafge
melal structures and other overhead power and telephone linés.

Mepsurement results should be expressed in units\6f microvolts per metre (uV/m) or fthe
logprithmic equivalent (dBuV/m).

If the line is transposed, the measuring site "'should be located as far as possible from [the
trapsposition towers.

The atmospheric conditions should -b&; approximately uniform along the line. Measurements
under rain conditions will be valid only if the rain extends over at least 10 km of the line|on
either side of the measuring site:

Anmex B gives a list of such information.

4.2|4 Measuremefits'in the frequency range from 300 MHz to 3 GHz
4.214.1 General

In the frequency range from 300 MHz to 3 GHz, a potential noise source disturbing modern
dig|tal radio-communication might be the gap-type discharges that are described in Clause 7
of |ICISPR'TR 18-1:__ 3; however, in order to facilitate the measurement method in this
fretl]uency range, further investigations regarding noise characteristics and how gap ndise

d|S rhe radin ~n atin
wHBsStraate—ecommdrteatderafre ||\4uuuuu|]

4.2.4.2 Measurement antenna, reference frequencies, and setting of measuring
instruments

The antenna used for the measurements shall be a passive antenna, for example a log-
periodic antenna. Under the transmission line, strong electric induction effects from the
power-frequency voltage can provoke a malfunction of an active antenna. The log-periodic
antenna should be positioned about 3 m above ground. The antenna is to be rotated around a
horizontal axis and the maximum indication noted.

3 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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It is recommended that measurements are made at a frequency of 440 MHz but ot
frequencies, for example 1 690 MHz, may also be used. These frequencies should
selected to protect service quality of digital terrestrial broadcast and other (mobile) ra
communication services.

her
be
dio

The above is a tentative recommendation until adequate information and experience is

obtained by further investigations in the future.

4.3 Statistical evaluation of the radio noise level of a line

W b
given below. Further information about a possible assessment and documentation
mepsured data is found in 5.3.5 and 5.4.

PR TR 16-4-3 describes statistical sampling methods for establishing the Compliance
maps-produced appliances with CISPR limits. The so-called 80 %/80 % rule.isrbased on
application of statistical techniques that have to give the consumer an 80 % degree

corffidence that 80 % of the appliances of a type being investigated are below the speciilieed

radjo noise limit. The method is based on the non-central t-distribution’(sampling by variabl
and the spirit of the 80 %/80 % CISPR rule is interpreted for ovefhead lines, such that
radjo noise level should not exceed the limit for more than 80 %_¢f-the time with at least 8
corffidence.

Definitions of readings and sets of measurements are given below:

1) |A reading is the result of a single measurement of.the field strength level in dB(nV/m),
given location, under given meteorological conditions. If the meter readings fluctuate, t
an average value taken over a period of at least 10 min should be used.

2) [Each set of measurements consists of “averaging the readings taken, for a gi
meteorological condition, at three different locations approximately evenly distribu
along the line. Not more than one set of measurements should be taken on any partic
day for the given meteorologicaloconditions. The three different locations will help)
eliminate the effects of local irfegularities (for example standing waves), although,
stated in 4.2.2.3 and 4.2.2.4,,measurement positions where unrepresentative readings
likely to be obtained should.lbe avoided.

Number of measurements!

1) |Using the measurément techniques described in 4.2, at least 15 but preferably 20 or m
sets of measurements should be taken.

2) |The number‘ef measurement sets for each weather condition (dry, rain, snow, etc.) s
be proportional to the frequency of occurrence of each weather condition for the area.

of
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Compliance with a specified noise limit is judged from the following relationship taken from

CISPRLR 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 radio noise level measurements of the li
namely:

X - X1+ Xoe + Xj + ...+ X
n

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

ne,
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S - Xf

k is the constant depending on (n) and is determined in such a way that the above stated
80 %/80 % rule is satisfied.

S, =

The k value to be used for (n) number of sets of measurements is shown in the Table 1 below.

Table 1 — Number of n sets of the radio noise level measurements
and corresponding values for factor k
n 15 20 25 30 35
k 1,17 1,12 1,09 1,07 1,06

This equation, based on a limited number of samples, is similar to that relating to a Gaussjian
disfribution valid for an infinite number of samples, the samples being represented by setg of
mepsurements.

In the equation, S, can be compared with the standard deviatiop retating to an infinite numper
of gamples and k depends on both the required confidence (80.%/80 %) and on the numbef of
samples. The lower the number of samples, the higher/the” value of k becomes for any
percentage specified to meet the limit, with a given confidence.

Studies indicate, that even for a non-Gaussian distribution, the use of the above statist|cal
method does not introduce a significant error provided that at least 15 but preferably 2( or
mofe sets of measurements are used in the evaluation.

4.4 Additional information to be given(in the report

To lensure that extraneous interferengg,is not influencing the radio interference measuremgent
level-of-the-levels—of the-lineradio-noise-field-strength, it may be necessary to measure fthe
bagkground noise levels (spectru) with the line de-energized.

WhHhen the results of the measurements are reported, as much relevant information as poss"ble
shquld be given on the line~and on the conditions under which the measurements were carilied
out

4.5 Measurements on HV equipment in the laboratory

4.51 Overview

This supbclause gives the method to be used for the measurement, in a laboratory or test area,
ad|o noise generated by |tems of plant and components used on h|gh voltage lines and in

method is vaI|d for type tests and for routlne or sample tests and also for |nvest|gat|0nal 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
possible, actual service conditions and, if necessary, the most severe conditions likely to
occur for the type of apparatus being tested. Before the establishment of a reliable method of
radio noise testing in a laboratory, reliance was placed on the voltage at which inception or
extinction of visual corona occurred on the test object. The voltages so determined were very


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

- 18 — CISPR TR 18-2:2017 RLV © IEC 2017

dependent on the observer and this method is now being replaced by the laboratory

measurements methodology described below.

4.5.2 State of the test object

It is well known that the level of the radio noise produced by high-voltage equipment is v

ery

dependent on the state of the surface of the item equipment. In laboratory tests, the state of a

particular test object should consequently be clearly defined with regard to the follow
aspects:

a) new or already used:;

b) |clean or slightly polluted; the nature of the pollution should be specified;

c) |dry, slightly damp, or wet (for example artificial rain conditions);

d) [combination of these states, for example polluted and damp.

Geperally, standards and normal practice are restricted to laboratory testsron“clean and
objects, reproducibility of the other test conditions (dampness, pollution)obeing often diffi
to achieve. However, tests on objects submitted to (standardized) rain_conditions may be Vv

usgful, since these conditions occur frequently in practice and may |ead-to significantly hig
radfo noise levels than dry conditions.

WHhen only one surface condition is taken into consideration,~ib is desirable that the tests
performed on adequately polluted and wetted samples, in arder to get as close as practics
pogsible to approximate actual conditions at normal operating voltage.

WHhen the object is to be tested in a clean and dpy,'state, it may be wiped with a dry cloth
rempove dust and fibres that might affect the surface.

Unless otherwise stated, test conditions desebibed in this clause are valid for used, wet and
polfuted objects as well as for new, clean‘and dry objects.

4.5(3 Test area

The tests should preferably bel performed inside a screened room which is large enough
preivent the walls and the flgor from having any significant effect on the distribution of
eleftric field at the surface jof the test objects. Circuits entering the screened test area,
exgmple supply cabling for power and lighting, should ideally be filtered so as to a\

intoduction of-radicReise-presentin-the-environment external interference (see 4.5.11).

If screened_reom is available, the tests may be carried out at any place where
bagkground qoise level is sufficiently low compared with the levels to be measured (
4.5[11).

4.5(4 Atmospheric conditions
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The normal reference atmosphere for tests described herein is:

— temperature: 20 °C;
— pressure: 1,013 x 105 N/m2 (1 013 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 x 10° N/m2 and 1,070 x 10%° N/m2 (870 mbar and 1070 mbar);
— relative humidity (for tests on objects in the dry state): 45 % to 75 %.
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In the case of investigational tests, other conditions may be selected according to the test
objective.

When tests are made on a dry object, it shall be in thermal equilibrium with the test area
atmosphere to avoid any condensation on the surface of the object.

As far as the radio noise levels generated by a test object are concerned, the effects of
changes in atmospheric conditions;—within-the-abeove-limits;—froem with respect to the normal
reference conditions (even while staying within the limits stated above) are little known. Thus
no correction shall be applied to the measured results but the air temperature, air pressure

and

4.5

Fig
tes
Z

S
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The test consists of taking measurements of the pulse-type voltages appearing across
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arrangement shown in either Figure 6 or Figure 7 is incorporated into the circuit of Figure 5]

NOT

ider
may

relative humidity obtaining during the tests shall be recorded.

5 Test circuit — Basic diagram

ure 4 shows the principle of the test circuit. The radio-frequency currents generated by
object flow through that part of the circuit shown by heavy lines which include impeda

rference currents from other sources present in this high-yoltage connection

edance of Zg should be zero at the measurement frequency-and infinite at the po
ply frequency. Also, if R represents the resistive load of‘the test object in service,
mple the characteristic impedance of a high voltage line,.the radio noise voltage which
object would inject onto a line conductor or substation connection may be measu
pss R .

PR 16-1-2 [2] specifies a value of 300 Q for R{and in a practical test circuit (see Figurg
is the equivalent resistance of R, in series\with the parallel combination of R, and
Lt resistance of the measuring receiver, R

tion of R when a given power-freguency voltage is applied to the object under test. Th
hsurements are/shall be expressed'in puV (or in dB(uV)).

6 Practical arrangement-of the test circuit

the radio noise voltages generated by medium and/or high voltage equipment.
ending on the jdistance between the measuring receiver and the test circuit,
E In the.special limited case of the need for rapid comparative measurements to be made on a numbg

tical small objects, such as cap and pin insulator units for overhead lines, the special test circuit of Figyl
can'be used. The decoupling capacitor C_-may can be omitted when the number of test objects exceeds fi

Thetmpedance Zg I the basic circult of Figure 4-can consistof Ty a sertes circutt L,C; of i

the
hce

and resistance R . The radio-frequency rejection filter F virtually prevents these currgnts

hny
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5),
the

ure 5 shows the standard test circuit which should be used for the laboratory measuremjent
The
nections to the/measuring receiver are shown in a simplified form in Figure 5 and,

the

simply a capacitor C3, 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
retuning of L,C, and L,Cj.

the

As stated in item d) of 4.5.7, a value of 1 000 pF for C5 should be satisfactory, which
makes an inductor in series with C3 unnecessary and this part of the test circuit aperiodic.
By making the rejection filter F also aperiodic by using, for example, an inductor damped
by parallel resistors, measurements at frequencies other than the reference frequency can
be carried out relatively simply. If, however, the laboratory or test area is near to industrial
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premises where high levels of radio noise can be produced, a very high filter impedance is
usually required (see item c) of 4.5.7).

T Test circuit components

The components that are used in the test circuit shall meet the following requirements.

a)

b)

c)

d)

4.5

High-voltage connections

The radio noise level produced by the high-voltage connections and terminations of the
test circuit shall be insignificant compared with the values to be measured from the test

object at the test voltage
High-voltage transformer T,

This transformer shall provide a voltage waveform consistent with the specificationy of
IEC 60060-2.

Rejection filter

Filter F shall have an impedance of not less than 20 kQ, corresponding. {6 an attenuafion
of at least 35 dB, in either direction at the measurement frequency.

To be fully effective, the filter should be located as near as possible to the high frequepcy
part of the test circuit. When the filter consists of a tuned circuit (L{C,), it should be tuped
to the measurement frequency by using, for example, a signal‘generator connected acrpss
the secondary terminals of transformer T,. Tuning is aghieved by varying C, to givge a
minimum reading on the measuring receiver. The filtef impedance may be assessed| by
measuring its insertion loss by taking the difference*in the measuring receiver readings
with the filter short-circuited and then with the shopt-circuit removed.

1%

At the reference measurement frequency of 0;5MHz + 10 %, the value of L, should|be
about 200 pH, whereas C, should be variable.up to a maximum of 600 pF.

Measuring impedance

The impedance between the live conductor and earth (Zg + R in Figure 4) shall|be
(300 + 40) O with a phase angle notexceeding 20°, at the measurement frequency.

A coupling capacitor C5; (Figure5) may be used in place of Z; provided that [the
capacitance of C3 is at least fiye times greater than the capacitance to earth of the fest
object and its high voltage “connection. In practice, a value of 1 000 pF should|be
satisfactory for Cj.

Capacitor C5 shall be capable of withstanding the maximum test voltage and have a |ow
partial discharge level ‘at that voltage.

8 Measuring,receiver connections

The more usyallmethod of connecting the measuring receiver to the test circuit, i.e. where fthe

len
the

pth of cable is less than about 20 m and coaxial cable is used, is shown in Figure 6. Wheere
length~ of cable is greater than 20 m, balanced screened cable is used, and this

arr

ngement is shown in Figure 7.

a)

b)

Matching resistor Ky

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 series
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resistor R, which shall be of the high stability, non-inductive type. In the case o
measuring receiver where R, is 50 Q, the value of R, should be 275 Q.

f a

NOTE 1 In some countries other resistance values are assigned to R : for example the National Electrical
Manufacturers' Association (NEMA), of the USA, in its Publication 107 (1964) [7], specifies the value of 150 Q
for R . Usually a simple conversion can be applied to the results obtained from tests to other specifications.
This is because a radio noise source in a test object almost invariably produces a constant current, provided
R, is within the range 100 Q to 600 Q and the voltage measured across R, is simply proportional to its value.

c) Inductor L,

This inductor provides a low-impedance path—atpowerfrequency to divert the power

requency currents whnich TIiow 1 Ly 0 L awdy TTOMM e measuring receiver and
associated components. At the reference measurement frequency of 0,5 MHz, L3-8
have a value of at least 1 mH, with a low self-capacitance, to avoid errors exceeding 1
or 0,1 dB. For safety reasons, L3 should be robust and have sturdy and seclre’ eleg
connections.

d) [Spark gap

receiver, the provision of a protective spark gap across L5 is recommended. This sp
gap should preferably be of the gas-filled type with a maximum breakdown voltag€
500 V on a power frequency sine wave (see note below).

NOTE 2 In the event of a relatively high power frequency voltage appearing across the spark gap, duq
example to a failure of the inductor L, or its connections, there-could be an increase in the test ci
background noise level, because of corona discharges at the electrodes of the spark gap.

its
hall
%
tric

To reduce the possibility of high voltages appearing on the connections to the measuring

ark
of

for
cuit

e) |Balanced cable and balun transformers (T, and T)

R4 and R, are located. Under such conditions, the length of co-axial cable show

by interference picked up on this cablé, it is recommended that the arrangement show
Figure 7-should be used.

The balun or coupling transformers T, and T3 should be located close to R4/R, and to
measuring receiver, respectively, and the connection between the transformers should
made by means of a balan¢ed screened cable. Short lengths of co-axial cable should
used to connect T, to R3/R5 and T4 to the measuring receiver, and all these cables shg
have suitable characteristic impedances to ensure correct matching.

f) [Measuring instrumentation
To comply with"CISPR recommendations, the measuring instrumentation shall
consistent with the specifications of CISPR 16-1-1. If a measuring receiver with differ

obtainedywith a CISPR instrument is usually possible, but this can lead to sg
inaccuracy. This conversion should be carried out as detailed in 4.1.

Where the test object is large and/or where vety high voltages are involved, the measuring
receiver may have to be located at some distance from the base of (C,,L,) or C3, where

in

Figure 6 may exceed 20 m. To reduce_the possibility of the measurements being affegted

in

the
be
be
uld

be
ent

characteristics is used, a conversion of the results into values which would have bgen

me

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, IEC 60437:19
see [3]). When no such standard is available, the test object shall be arranged, as far
possible, in the same manner and with the same circuit configuration as-exist-in is typica
service conditions.

The object under test shall be provided with all its normal hardware which may affect
distribution of the electric field at the surface of the test object, for example as arcing ho
and stress-control hardware. Where the test object can be in more than one condition,

97,
as
| of

the
rns
for

example a circuit-breaker which can be open or closed, it shall be tested in each of these

conditions.


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

- 22 - CISPR TR 18-2:2017 RLV © IEC 2017

The high-voltage connections to the object under test shall be short and shall not contribute to
the measured values of radio noise from the test object nor influence the distribution of the
electric field at its surface.

The coupling impedance, L,C, (or Cs3) shall be located near to the test object without
significantly disturbing the distribution of the electric field at the surface of the test object.

4.5.10 Measurement frequency

The reference measurement frequency is 0,5 MHz. It is recommended that measurements are
mafe at a frequency of 0,5 MHz + 10 % but other frequencies, for example 1 MHz, may| be
usqd.

4.5[11 Checking of the test circuit

The test circuit shall be arranged so as to permit an accurate measurement-of the radio nqise
level generated by the object under test. Any interference from outsidethe test cirduit,
including the supply, or from other parts of the circuit, shall be at a low'level and, preferably,
at least 10 dB below the level specified for the test object.

With the specified test voltage applied to the circuit, the level ofybackground noise shall be at
leapt 6 dB below the lowest level to be measured. These (conditions may be checked|by
sulystituting a similar but noise-free test object for the object under test.

Bagkground noise levels may be relatively high whefy the tests are made in an unscreened
arefa, especially when there are industrial premis€s nearby. When these high levels arq of
shqgrt duration, this condition may be acceptablé provided that the quiet periods are| of
sufficient duration for a reliable measuremento\be made and that, during the measurements,
the|character of the interfering peaks can be-clearly distinguished from that of the noise bding
generated by the test object, possibly by m@ans of an oscilloscope or a loudspeaker.

Intg¢rference may also result from brodadcast stations; this may be overcome by selecting a
mepsurement frequency from within the specific—telerance range but which is clear| of
intgrference. Additionally, the use-of a resonant circuit L,C,, correctly tuned as the rejecfion
filtgr F, can often be most effective in reducing such background-reise interference.

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 Figune 7
shdll be calibraied-to obtain the value of the correction factor that shall be applied to fthe
mepsuring receiver readings. This factor is the sum of the circuit attenuation and [the
resjstance network factor, both expressed in dB. Such calibration is required where the {est
asgembly is-being used for the first time, or has been re-arranged, or where the test object
haye béen changed to one of a significantly different capacitance. The power supply to fthe
high-wo6ltage transformer should be disconnected during calibration.

a) Circuit attenuation A

Before starting the calibration, the rejection filter F, if applicable, shall be tuned to the
particular measurement frequency as described in item c) of 4.5.7. A signal generator with
an output impedance of at least 20 kQ 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
20 kQ 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; this will-rject
result in a current of about 50 uA being injected 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 typical background noise level. The level of this reading shall be
noted.
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b)

NO]

With the settings of the generator unchanged, the test object shall be disconnected from
the high-voltage part of the test circuit and connected as shown in Figure 9. The level of
this new reading shall be noted. 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 calibration procedure, other high-
stability, non-inductive resistors of the same value-may can be used.

NOTE 2 In Figure 9, the test object-may can be replaced by an equivalent capacitance, if this is known.

Resistance network factor

Cevels of radio noise voltage generaied by the types of apparatus being considered n this
subclause are usually expressed in dB(uV) across 300 Q.

Then, if Ry = R,,, the network factor will be as follows:

R =20 Ig%, expressed in dB.
1

The radio noise level of the object being tested is then given by
V=V,+A+R indB(uV)across 3009

where V,, is the voltage, indB(uV), indicated by Cthe measuring receiver &nd
corresponding to its input voltage.

NOTE 3 A less complicated alternative method of overall calibration of the test circuit can be carried outfin a
single operation if a calibrated sine-wave current generaier is used. This method involves an accufate
measurement of both the output voltage V,, of the signal‘generator and the value of a 20kQ resistor R, in
series with the generator output. Thus, when the signaligenerator (along with the 20kQ series resistof) is
connected in parallel with the test object, the reading*V, (in pV) appears on the measuring receiver; |this
reading corresponds to the current i, injected into the eircuit as follows:

i1=;—0 in LA

r
Under these circumstances, the radionoise level of the apparatus being tested is directly given by:
V=V, = 20lg 300\’/—1 in dB(uV) across 300 Q
1

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

[E 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

am
Cl§

4.5

plitudes between pulse and sinusoidal signals should meet the data included| in
PR 16-1-2"[2].

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 goal is to reproduce these field distributions during tests in the laboratory.

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.
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The test voltage shall be a sine wave at power-supply frequency and be consistent with
IEC 60060-2. It shall be applied either:

a)

b)

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

between phase and earth (for example a complete insulator string), in which case the test
voltage is related to the system's phase voltage.

The test voltage of the object to be tested is usually specified in the standard applicable to the
type of object. In the absence of such a specification, the test voltage shall be 1,1 times the

norj

tes
and

rat¢d voltage of the equipment.

A\

ninal voltage o e system or the rated voltage o e equipmen or appargtus

ed with respect to earth). In some cases, the test voltage is agreed between manufactyrer
purchaser at a value between 1,1 and 1,4 times the nominal voltage of the system or fthe

oltage 10 % higher than the specified test voltage should be applied tethé object under

tes

fin
of
the
vol

WH

of %he specified test voltage, raised in steps to the initial value, maintainedthere for 1 min and,

and maintained for at least 5 min. The voltage should then be decreased’in steps to 30 %

lly, decreased in steps to the 30 % value. Each voltage step shotld-be approximately [10 %
he specified test voltage. At each step, a radio noise measurement should be made :fnd
results obtained during the last decreasing run should be‘plotted against the applied
age, the curve so obtained being the radio noise characteristic of the test object.

en significant variations—are-likelyto occur in the radio noise level measurements taken

frofn a number of items of equipment of the same type, then measurements should be done

on
ave
me
dis|
evs
me

4.5

several samples. The typical radio noise characteristic of the equipment will be fthe
rage curve obtained-when-al-the resultsaretaken-into-account from the series of sample
bsurements. When the number of samplessmeasurements is deemed sufficient,—a—lgvel

bersion—-may-also-be-evaluated the range_and deviation of the levels measured should| be

luated. When compliance with limits issrequired, it may be appropriate to use the statist|cal
fhod given in CISPR TR 16-4-3.

14 Related observations during the test

It may be advantageous to cafry-out additional observations-mayprofitablybe-carried-out nd

me
noi
vis

evd
cor
am
dis
an

4.5

psurements at the sameétime as the radio noise measurements, in order to locate any
5e sources on the test‘object and assist in establishing the cause of possible defecty. A
lal observation, if necessary by means of binoculars in a darkened laboratory, will engble
n extremely small‘points of corona discharge to be located. Such observations may|be
firmed by means of photographs with long exposure times, or by means of an image
blifier intengifier. If it is impossible to darken the laboratory sufficiently, the pointsg of
charge may-be located to some extent by an ultraviolet detector, by ear or, preferably,| by
ultrasonic)detector which is much more directional.

16/ 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)

b)

state of the test object:

1) new or already used,

2) clean or polluted (nature and degree of pollution),
3) dry, damp or wet;

atmospheric conditions:

1) temperature,

2) barometric pressure,

3) relative humidity,
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4) presence or absence of rail (standardized artificial rain);
c) test circuit, including any difference from the standard CISPR circuit;
d) background noise level;
e) test voltage with detailed procedure of its application;

f) measured radio noise levels, expressed in dB(unV) across 300 Q (these can be given in the
radio noise characteristic);

g) comparison between the measured levels and any specified limits.

5 | Methods for derivation of limits for HV power systems

5.1 Overview

The CISPR has for many years considered the question of limits of radio noise)from overhg¢ad
power lines and high-voltage equipment in order to safeguard audio and video(i.e. analogue-
moHulated television) radio broadcast reception. The degree of annoyance-caused by nois¢ in
the| broadcast radio frequency bands is determined by the signal-to-noise ratio (SNR) at |the
receiving installation. For similar subjective annoyance, the SNR depénds on the nature of [the
noise source. Based on a required SNR, many factors affect the acceptable level of noise, sfich
as the minimum radio signal level to be protected, minimum distance between power line and
recgiving location, effects of weather, etc. Further difficulties_éxjst in specifying the conditipns
for [verifying compliance with limits. For example, views are(djvided on whether measuremgnts
shquld be carried out in fair weather, foul weather, or both. Practically every major factof is
sulbjject to statistical variation. It is recognized that international discussions cannot fully resqlve
thege problems. Some countries have, however, laidydown mandatory standards on limitg of
intgrference from power lines.

There is a general agreement by countries_participating in CISPR that guidance should|be
given by it on a simple and effective methadfor deriving limits on a national basis, taking into
acdount particular conditions the regulatory authority may wish to adopt. Furthermore, if is
agrneed that the method of derivingylimits should be illustrated by examples based|on
realsonable minimum radio signal levels, adequate receiver installations and on practical and
ecgnomical power line designs. The method should enable assessment of the effects of poywer
lings on radio reception underany 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, ﬁny
recommended limits cannot assure 100 % protection to 100 % of the radio i

or-Yiewers users. 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 TR 16-4-3 [48]
spdcify a statistical basis for analysing test data to determine compliance with a CISPR Ijmit

AR
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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
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 DC lines will always
be a fair-weather level of all climates, whereas for AC 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.
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Figure 12, which shows typical annual all-weather radio noise at 0,5 MHz cumulative
amplitude distributions for an AC line and a bipolar DC line in moderate climates, illustrates
this difference between corona noise from AC and DC lines.

Other criteria, such as average fair-weather noise levels or possibly maximum fair-weather
noise levels, could also be the basis for establishing limits for high-voltage direct current
(HVDC) lines. Foul-weather noise is normally lower (8.5 of CISPR TR 18-1:__4); therefore, the
fair-weather noise level (50 %) is higher than the foul-weather noise level, but the difference
is moderate. The fair-weather noise level should always be the basis for establishing limits for
HVDC lines.

Regulatory authorities should keep these facts in mind when deciding on adoption of the 80 %
level.

5.3] Technical considerations for derivation of limits for lines
5.3{1 Basic approach

The basic requirement is to maintain an adequate SNR at the receiving installation |for
sat|sfactory reception of audio and analogue-modulated television“broadcast signals. When
estpblishing regulations, it will be the responsibility of the regulatory authority to deter
thel minimum radio signal strengths to be protected and the SNR that will give satisfactory
reception. This document presents information on accepiable SNR and gives sdme
infgrmation on minimum radio signal levels to be protected It also shows how the protedted
sighal level and the required SNR can be combined with¢the noise level at the direct or lat¢ral
reference distance D, or y, respectively, of the power line to develop a "protected distange".
This protected distance D, represents the minimumdistance from the line required to profect
thel minimum radio broadcast signal for a certain percentage of the time. For example, if the
80 % level is chosen as the basis for the radio ‘noise, then this protected distance will be the
mirfimum distance from the line at which thesminimum protected signal can be received 80 %
of the time with an acceptable SNR. If thé average fair weather noise level is the basis|for
estpblishing limits, then this protected distance will be the minimum distance from the ling at
which the minimum protected signal devel can be received for 50 % of the time during fair
wegther with an acceptable SNR.

It should be appreciated that@t most locations, the radio signal level will be higher than fthe
mirfimum one and that advantage can sometimes be taken of the directional propertieq of
cerfain types of receiving antenna to improve the SNR. On the other hand, there will be cagses
where the distance between the power line, or the high-voltage equipment, and the receiing
location will be less(than the protected distance. On a statistical basis these factors will often
tend to balance eacéh other in such a way as to provide adequate reception even in cagses
falllng within the 'protected distance. For those so placed who suffer interference, mitigafion
techniques may be employed such as use of remote antennas or connection to cable systgms.

5.3[2 Scope General
5.3:2'+—Power-systems

The radio noise limit discussed in this clause to protect audio and analogue-modulated
television broadcasting 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 (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:__5.

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
5 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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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 being
taken as 20 m from the perimeter fence of the substation or converter station. It should be
noted that only persistent noise from HVAC substations or HVDC converter stations is
considered. Transient noise, such as that due to interruption of a power circuit or due to turn-
on and turn-off sequences of the valves of a HVDC converter station, is not included.

The mformatlon |n this clause is hence vaIrd for persistent noise from HVAC lines and

stations operating at voItages from 1 kV to £ 750 kV.

5.312.2 Frequency range

The frequency range is from 0,15 MHz to 300 MHz, also covering-specificaliyf|the a.m. rgdio
soynd broadcast frequency bands between 0,15 MHz and 1,7 MHz and the,v.h.f. televidion
and f.m. radio sound broadcast frequency bands between 47 MHz and 230)MHz. The intent is
to provide protection to "reasonable"” wanted signal levels of these and other radio serviges.
Since power lines normally do not produce-negligible significant/interference to-breadds

radjo reception above 300 MHz when the power system is in normral operation and since there
is gnly limited information on noise levels at these frequencies,{the bands above 300 MHz fare
not|included at this time.

part of the world. The International Telecommunication/Union (ITU) considers three regiong (1,
2 and 3). Regions 1 and 3 are further divided into/three zones (A, B and C) based on climatic
corlditions. Figure 10 shows these regions and zones. Within each region and zone, there pre
spgcific transmitter power levels, minimum pretected signal levels, required co-channel and
adjpcent channel protection ratios, etc.

Thidefinition of "reasonable" wanted radio signal levels(will vary with the type of service and

In particular, the low and medium radio-frequency broadcast bands 0,15 MHz to 0,28 MHz and
0,5|MHz to 1,7 MHz are regulated by the ITU. However, existing practices regarding minimum
sighal levels to be protected andqalso regarding protection ratios often differ from the lafest
recommendations of the ITU. In North America the 0,5 MHz to 1,7 MHz band is regulated| by
the| North American Regional Broadcasting Agreement (NARBA). It should be noted here fhat
some of the differences result from differences in broadcasting philosophies. In Europe,|for
exgdmple, it is usual to have a few omnidirectional transmitters of high power to cover an en'ﬁire
codntry; in North America, on the other hand, there is a multitude of individual stations, often
with highly-directional antenna arrays aiming a signal at a particular city or region of fthe
coyntry. Transmitter power is usually limited to 50 kW and protected received signal leyels
arel generally lower than those specified in Europe.

NOTE The-upper and lower limits of the various frequency bands, used for broadcasting and given here,|are
appfoximate* values. Exact values vary from one region to another and are subject to periodic revisions (see
referengce, [21] for more details).

5.3.3 Minimum broadcast signal levels to be protected

- : For the low frequency and
medium frequency bands, the ITU [22] has recommended minimum field strengths necessary
to overcome natural noise (atmospheric noise, cosmic noise, etc.). For broadcast planning
purposes, the ITU has also recommended nominal usable field strengths for information
purposes only. Annex C gives recommended values for both the minimum and the nominal |
usable field strengths.

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.
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For the v.h.f. bands, the International Radio Consultative Committee (CCIR) recommended
minimum signal levels for region 1 are as shown in Table 2 below.

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 (pnV/m)
FM radio band Il 87 MHz to 108 MHz 48 dB (uV/m) (for mono)

54 dB (vV/m) (Tof Stereo)

Television band Ill 174 MHz to 230 MHz 55 dB (nV/m)

In North America, signal levels at the edge of the service area of a broadcasting station pre
spgcified by NARBA and other standards [23 to 25]. These levels are given in'Ahnex D.

It i3 generally accepted that when criteria for the protection of TV in bands | and Ill have bgen
fixgd, f.m. monaural sound radio broadcasting is automatically proteéied too. The protecfion
requirements for f.m. stereo sound radio broadcasting are unders/consideration. Similarly, [the
intgrmediate bands, such as short wave, are automatically prefected to the extent as is fthe
mefdium wave radio broadcast band. However, in ecerfain cases, there may |be
telgcommunication services requiring different protection. These should be taken into account
by hational authorities when limits are being considered.

It ghould be borne in mind that all of these minimum signal levels are related to protec:lion
against interference from other radio signals or from natural radio noise. Interference filom
power line noise has not been considered so fat.

With the widely differing values adoptedfor usable signal levels for different zones of fthe
world, daytime and night time, the termi"reasonable radio signal level" has to be establisied
with regard to the factors relevant to the different levels. It is inevitable that if low levels jpre
adagpted, radio noise from power tines should be viewed in comparison with other sourceg of
intgrference and the protected distance between the power line and receiver should|be
incfeased and/or the acceptable SNR should be reduced.

5.34 Required signal-to-noise ratio
5.3{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 poyer
lings. For ptanning purposes, the ITU recommends a wanted-to-interfering signal ratio of 30 dB.
NARBA levels are based on a ratio of 26 dB.

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

For AC 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 RMS reading meter and the noise being measured
on a CISPR measuring receiver with a quasi-peak (QP) detector. For a.m. reception, the
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
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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 AC 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 DC power-line
noise. However, the number of investigations is much less for DC lines than for AC lines, and
the DC SNR tests are not as consistent with each other as are the AC SNR tests. Some of the
investigations have shown that in the case of DC lines the measured SNRs could be as much
as 9 dB lower than for AC lines to give the same subjective impression, whereas other
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car| be resolved by further research, it is recommended that AC SNR data be used by natignal
reglulatory authorities in developing limits for DC lines.

5.314.2 Television broadcasting in the range above 30 MHz

reception. For the European television standard, 40 dB appears to be,generally acceptdble
(the¢ radio frequency bandwidth of the CISPR measuring receiver being 120 kHz). Howeyer,
tesfs carried out in the United Kingdom with a positive modulated ‘black and white picture
shgqwed that this value could be reduced by up to about 5dB. For the North Ameri¢an
telgvisions standards, several limited tests have suggested) 40dB for black and white
telgvision [17]. Tests on colour television are currently) being carried out. Further
cor|sideration of all these issues may be necessary.

Th} required SNRs for television reception are less definite than thosg) for audio rddio

The repetition rates of noise pulses due to coronafand to gap-type discharges may differ
cor|siderably. This may have a large influence on~the degree of interference produced oph a
telgvision picture. Although there is not much data“available, this should be considered when
estpblishing acceptable SNRs for reception of¢television radio broadcast services.

5.3|5 Use of data on radio noise conipiled during measurements in the field
5.3/5.1 Attenuation laws

The rate of lateral attenuation ofi\radio noise, for direct distances D between about 20 m @nd
100 m from the nearest conductor of a line, varies in different frequency ranges and dlso
depends on the configuration of the line. The following approximate values should provide
sat|sfactory results:

— 10,15 MHz to 0,4 MMz, noise level decreases as D~1:8;
— 10,4 MHz to 1,7“MHz, noise level decreases as D-1:65;
— |30 MHz tg100 MHz, noise level decreases as D-1.2;

— [100 MHzto 300 MHz, noise level decreases as D10,

Presumably, the factor 1,65 is somewhat valid between 1,7 MHz and 30 MHz The mforma ion
for
app#eeratee noted that the mechanism and also the attenuahon—taw characterlstlcs are
dependent on the type of noise source, for example conductor corona or gap-type discharges
at hardware defects.

The reference noise levels E; 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 Dy of 20 m may,
therefore, be corrected to the protected distance, using the following correction equations:

D
0,15 MHz to 0,4 MHz E, = E, —36lg—>
P 20
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D
0,4 MHz to 1,7 MHz E, = E, - 33lg—>
P 20
where
Ep is the radio noise level at protected distance, in dB(uV/m);
E, is the reference radio noise level measured at 2 m height above ground, either
in the direct reference distance Dy of 20 m or in the lateral reference distance y, of 15m,
in dB(uV/m);
Dp fsthe plutebtcu' distance (III).
NOTE Numerous measurements in the medium frequency band have demonstrated that, on average,/thé n
levdl decreases as D~'85 close to the line (see 4.3 of CISPR TR 18-1:776). For greater distances, however, s
megsurements have shown that it decreases as D~'. For any distance greater than about 100 m,.a“more accufate
valy
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e for the noise level Epmay can be given by:
Dy
0,4 MHz to 1,7 MHz: Ep=E0—23—20IgW Dp>100m

fe is a degree of uncertainty as to the lateral distance beyond which this eQuation applies. In most ca
ever, at distances beyond 100 m, the noise level will be so low that broadcastireception will not be affected

5.2 Normalization of measurement data to the reference distance D, or y,

m (direct distance) or 15 m (lateral distance) fromy ,the reference point. When this is

Fection equations (see 5.3.5.1).

6 Use of data obtained by prediction of the radio noise from high-voltage
overhead power lines

6.1 General

pes,

enever possible, measurements should be made 2 m*above ground level at a distancg of

not

sible, the above equations may be used to convert measured values taken at other
ances to the reference distance of 20 m and /15 m, respectively. Measurements shquld
D be taken at distances other than 20 m and\15 m, respectively, for verification purpodes.
bl cases, measured profiles of lateral attenuation are greatly preferable to the usg of

Befeath Assessment of measurement data obtained at operational lines, reliable prediction of

noi
ma
me
will
acd

5.3

He after the line )has ‘been built. Once the line is in service, there are several alterna

uracy required.

6.2 AC power lines

For

an”AC power line, the approximate radio noise level due to conductor corona may

5e levels is important'as no corrections of line design or construction can economically| be

ive

asurement proeedures by which this predicted level may be verified. The choice of method
depend onthe’ length of time available for the measurements and on the degreel of

be

predicted by use of an empirical equation, such as is presented in 5.3 of CISPR TR 18-3:_ 7
or with the help of the catalogue (see Annex B of CISPR TR 18-1:__8). The equation is

E =350+ 12 r—30 indB(uV/m)

where

6 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.

7 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.

8 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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E is the radio noise field strength at the direct distance D, of 20 m from nearest conductor
of the proposed line in dB(pV/m);

Imax 1S the numerical value of the maximum voltage gradient at the conductor surface, in
kV/cm;

r is the numerical value of the radius of conductor or subconductor, in cm.
At given frequencies different from 0,5 MHz, 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 equation (see also 4.3.2 and Figure B.14 of CISPR TR 18-1:__ 9):

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
ref¢grence frequency of 0,5 MHz and fis the numerical value of the given frequeney; expressed
in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHz.

5.3/6.3 DC power lines

Forla DC power line, the approximate radio noise field strength due\to conductor corona may
be |predicted by use of the following empirical equation (see 8.620f CISPR TR 18-1:__ 10} in
fairtweather and at 0,5 MHz.

E=38+1,6(gnax—24)+461gr+51lgn+331g 2—3 in dB(uV/m)

where

E is the field strength of the radio noise indB{uV/m);

9Imax IS the numerical value of the maximumisurface gradient of the line, in kV/cm;
r is the numerical value of the radius,of conductor or subconductor, in cm;

n is the number of subconductors;

is the numerical value of the direct distance between antenna and nearest conducfor,

in m.

At given frequencies different from 0,5 MHz, especially if a signal at a specified broadqast
frequency is to be protected, the calculated radio noise level should be corrected according to
the|following equation’(see also 4.3.2 and Figure B.14 of CISPR TR 18-1:__11):

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

where AENis”the deviation (in dB) of the radio noise level at the given frequency from [the
ref¢rence™frequency of 0,5 MHz and f is the numerical value of the given frequer]cy,
exgressed in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHz. Tlhis
correction—s babiba”y derived—fromACtnes—and-is—atso app“bauc toBE€ “llcb, tntit-further

experience is-achieved gained.

It should be noted that the prediction equation 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 equation.

9  Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
10 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
11 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.4 Methods of determining 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:__ 12 At the percentage of time that has been selected for specifying the
noise, the level is read from the graph.

5.4/2 Sampling method

This is a practical and accurate method that follows the spirit , of CISPR
Re¢ommendation 46/1 [26]. At least 15 or preferably 20 or more indjvidual sets| of
mepsurements of noise level are carried out at various locations along the line and ungder
varjous weather conditions. The selection of different weather conditions, should be morg or
les§ in proportion to the percentage of time each weather condition exisis’in the area of fthe
power line. These measurements are then analyzed to give the noiSe. level that will not|be
exdeeded for 50 %, 80 %, or 95 % of the time, with an 80 % confidence, according to [the
chgsen criterion (see 5.3.1).

The¢ sampling method is fully described in 4.3 for the case"where the chosen criterion is fthe
80 % level.

5.4/3 Survey methods

If yime or any other reason does not allow,either of the above methods to be used, the
altgrnative of making measurements in fair weather or heavy rain (in case of AC lines) and in
fairf weather (in case of DC lines) may be.considered. This can be adequate when condugtor
corpna is the main noise source and when“the radio noise distribution curves for the particlllar
type of line for the all-year-round weather conditions are available. These curves could,|for
instance, have been obtained from-previous accurate measurements on the actual or on fthe
same type of line under similar climatic conditions. Preferably three distribution curves shquld
be |available; (1) under fair weather conditions, (2) under heavy rain and (3) under all-ygar-
round weather conditions;” Statistical distributions are discussed in 4.3.4 | of
CI§PR TR 18-1:__ 13,

NOTE It should be noted that the methods outlines in the following paragraphs may not agply
to ljnes below 72,5 kV in cases where conductor corona is not the major source of radio nqise.

Forl AC lines,{he 80 % all-weather value is in general 5 dB to 15 dB higher than the 50 % fhir-
wegther value, depending on the climate.

Forl DClines, the 80 % all-weather value is in general about 3 dB higher than the 50 % fhir-
weather value.

Fair-weather measurements have to be made at various locations along the line and at
different times. From the results, the 50 % fair-weather level is deduced and used as a
reference in the set of curves mentioned above. From the curves the all-weather 80 % value
can then be assessed. The success of this method is dependent on the reliability of the
distribution curves.

12 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
13 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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Since the radio noise level due to conductor corona is relatively stable and reproducible
during heavy rain, these measurements are not required to be taken at separate times. Foul-
weather measurements at AC lines should also be made at various locations along the line.
For AC 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 %
all-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

Ong of the alternative criteria for acceptable noise levels, as discussed in 5.2, may,bé used. If,
for|lexample, the average fair-weather noise level is chosen, then a series of measuremgnts
shquld be carried out during typical fair-weather conditions. At least three-measurements
shquld be carried out at three different locations along 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.

5.5/ Examples for derivation of limits in the frequency range-below 30 MHz
5.5{1 Radio reception
5.5(1.1 General

Examples of the calculation of limits are given below\based on the assumptions discussed in
the| preceding subclauses. Limits could also be calculated for different assumptions in respect
of gignal level, SNR and distance from a power line. Conversely, for a given level of noise, the
mirlimum acceptable distance for satisfactory reception of a given signal strength could|be
calgulated.

It should be borne in mind that the lateral attenuation laws quoted are average values. They
depend on factors relating to both-line design and local conditions. They may change With
distance and should not be used for distances materially beyond those assumed in this
suljclause.

Funthermore, it should he~remembered that radio-noise is generally measured so far gt a
frequency of 0,5 MHz.\If a signal at a specified broadcast frequency is to be protected, fthe
mepsured values should be corrected for the given frequency according to 4.3.2 &and
Figure B.14 of CISBR TR 18-1:__ 14, For example, at 1 MHz, the noise level would be ablout
5 dB to 6 dB lower.

5.5[1.2 Principle

There are four parameters involved in the specification of radio noise limits (see Figures ]11a
an 11h)-

— the minimum wanted radio signal level to be protected,;
— the minimum acceptable signal-to-noise ratio (SNR);

— the reference noise level, represented by E,; at 2m height above ground, during
prescribed weather conditions;

— the "protected distance", that is, the minimum distance from the line at which the signal
can be satisfactorily received.

If any three of these parameters are specified, the fourth can be determined. Two examples
will demonstrate this.

14 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.5.1.3 Example 1

If the value of the noise level at the direct or the lateral reference distance, the protected
signal level and the required SNR are all known, the protected distance from the power line
for satisfactory radio reception in the low and medium frequency bands may be calculated
from the equation given in Annex F:
[Eofpﬂ,g,j
D, =10" X

b=

Ey| is the reference radio noise level measured at 2 m height above ground, either
in the direct reference distance Dy of 20 m or in the lateral reference distance\y, of 1pm,
in dB(uV/m);

Ep = Sp - Rp is the acceptable noise level at Dp, in dB(puV/m);

Rp is the required signal-to-noise ratio (SNR), in dB;

SID is the protected wanted radio signal level, in dB(uV/m).

Ep depends on E, and Dp according to the attenuation equation given above:

E, = E,— kg (D,/20) in dB(fiW/m)

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

In the m.f. band, this equation 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(nV/m) at 1 MHz may be received with a SNR of 35 dB is required. The line ndise
mepsured by the standard CISPR."method is found to be 50 dB(pV/m). The following
caltulation is made:

Prgtected wanted radio signaltevel at 1 MHz Sp = 72 dB(pV/m)
Required signal-to-noise ratio (SNR) R, =35dB
Acg¢eptable noise leyél at protected distance from line Np = Sp - R‘p

N, = 37 dB(uV/m)
Mepsured ndise level at the lateral or direct reference 50 dB(uV/m)
disfance, at.0,5 MHz
Noise/level at 1 MHz Ey=50-6 =44 dB(uV/m

(The 6"dB correction comes from Figure B.14 of
CISPR TR 18-1:__15)

Protected distance [44+35—72 13]
—_— 1,
10

3 33
Dp =

Therefore, the protected distance is Dp = 32m from the nearest conductor of the line.

15 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.5.1.4 Example 2

In this second example a broadcast signal at 1 MHz, 65 dB(uV/m), is to be protected with a
SNR of 30 dB at distances greater than 100 m from the power line. The acceptable reference
noise level E, is calculated as follows:

Protected wanted radio signal level at 1 MHz 65 dB(pV/m)
Acceptable noise level at protected distance from line 65 — 30 = 35 dB(nV/m)
Attenuation from 20 m to 100 m 100
33lg—— =23 dB

20
Acgeptable reference noise level, at 1 MHz 35 + 23 = 58 dB(uV/m)
ThIrefore, acceptable reference noise level at CISPR
reférence frequency (0,5 MHz) 58 + 6 = 64 dB(V/m)
(The 6 dB correction comes from Figure B.14 of
CI§PR TR 18-1:__16))

5.5

Thi
pre

5.5

Thi
pre

5.6

Mo

2 Television reception, 47 MHz to 230 MHz

5 is under consideration. Insufficient information is\pfresently available to pefmit
sentation of meaningful examples.

3 Digital terrestrial television reception, 470MHz to 950 MHz

5 is also under consideration. Insufficient <information is presently available to pefmit
sentation of meaningful examples.

Additional remarks

5t field tests to date have beentcarried out in the low and medium frequency bands.

Therefore, any data presented onythe v.h.f. band should be considered as provisional and

ma

If li
the
noi
lev
sta

or conclusions should not be based on it. This whole subject is still under consideration

mits are based on noise levels measured and statistically evaluated in accordance with 4.5,
y also represent statistical values not exceeded for 80 % of the time. For conductor corpna
5e, it should be noted that these values are significantly higher than average fair-weather
bls. This factor ;should be taken into account when these values are compared with
ndards for typical fair-weather conditions laid down in various countries.

in the \case of other sources of possible interference for which CISPR limits eXist,
mples.of limits presented here are based on the requirements for the protection| of
adcast radio reception for the large majority of-listeners—or—viewers radio users under

for
of |

ter
the few exceptional cases where a number of unfavourable factors coincide. The examples
imits do of course also provide sufficient protection to radio reception in general. It has

however not been checked whether this information is valid for each and any radio service or
application.

Practice has shown that acceptable noise levels as presented in this clause can be met with

wel

I-maintained power lines of adequate design and construction. Indeed, considerably lower

noise levels are found on many operational lines where requirements other than radio noise
lead to designs with larger conductor sizes (for example high current-carrying capacity). It is

16 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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considered that the methods of deriving limits indicated in this clause represent good
engineering practice and could serve as the basis for establishing such limits.

5.7 Technical considerations for derivation of limits for line equipment and
HVAC substations

5.71 General

The principle for establishing limits of radio noise voltage for line insulators and hardware and
substation plant and hardware in the I.f. and m.f. bands shaII be that their contnbutlon to the

prif
the

lings,
low
12
relationship between conductor corona noise and noise produced by insulators and hardwpre
is |not well established (see Clause 8 (especially, 8.2, 8.4, N85, 8.6, 8.7)| of
CISPR TR 18-1:__17) the corona noise being higher in dry weather afd-lower in wet weather.
Sulbclause 4.5 of this document describes the CISPR method of radio noise measurement in
the| laboratory. Subclause 6.2 of CISPR TR 18-1:__ 18 gives the-Correlation between the rgdio
noipe voltage measured in uV, in the CISPR test circuit, due ,to any noise source (as ¢.g.
tesfed according to 4.5) and the radio noise field strengthon site, in uV/m, measured in
acdordance 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:__ 19 do not apply. This
mepns that no principle for establishing limits for frequencies above the m.f. band has bgen
spdcified 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 currgnts
injgcted into an overhead line sérving the substation. At present, insufficient data gre
avdilable on the radiated comporient and therefore only the injected currents will be discuss$ed.
Coo¢rdination between the injected HF noise currents and the currents produced by line
corjductor corona applies als¢ in this case.

5.7{2 Current injected by line components and hardware

To |evaluate the, relative influence of insulators and conductors, it is sufficient to compare fthe
curfent generated by a complete insulator set with the aggregated current /| generated by a
spgdn of one phase conductor of a line. If the current generated by the insulator set is Igss
thap /|, its\eantribution to the aggregate noise field of the line will be small; if it is equal tq /,
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
of current /, the increase in the field strength level of the aggregate noise field will be about
0,5 dB. This increase is too small to be measured in practice.

In addition to insulator sets, other components and hardware such as spacers, vibration
dampers and aircraft warning devices have to be considered. If for any one of these types of

17 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
18 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
19 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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component or hardware there are N items per span, the radio noise level per item should
be greater than 1/\/N times the level for the insulator set.

not

The aggregate radio noise current per span from all these components and hardware should,
according to experience, be determined by quadratic summation of the individually measured

currents.

5.7.3 Current injected by substation equipment

20, Th in studying the propagation of the injecte
alohg the line, that is, the attenuation and distortion of the guided electromagnetic- f
asdociated with this current. To do this, modal analysis is employed.

A dubstation normally has more than one associated line, each with one or more’ circuits.
determination of the current injected into one of the circuits, it is necessary|to know not @

of pusbars, measuring devices, transformers, capacitors, cables, efc.; as seen from

apparatus acting as a current source. The current in the circuit undér.consideration can t
be ralculated.

Forl the worst case, the impedance of the substation equipment could be assumed to
infinite. Then, for N pieces of apparatus, each producing the same value of noise current
and for n outgoing circuits, the current injected into a circuit is

i

=S

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

If the value of the current calculated\in this way is equal to the value of the current produ

terminal tower will be approximatéely 3 dB but after 1 km or 2 km the additional noise curr
and consequently the increasé-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 matrix<of the line capacitances (see 5.2 of CISPR TR 18-1:__ 21), the current / injec
per unifilength of a phase conductor is calculated. To pass from this elemental current
the @ggregate current, generated by a span of length L, the law of quadratic summatio
applied:

the| impedance of all circuits but also the impedance of the substation equipment, consis]:ing

by Jine conductor corona, the increase in the radio noise field strength level at the substalion

en

be
lo,

ced

nt,

The rigorous\procedure is as follows: starting from the graph of the excitation function &nd

ted
to
N iS

I =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.

20 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
21 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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For practical purposes, a simple relationship can be derived from the Equation (6) given in

6.2.2.2 of CISPR TR 18-1:__ 22, The current level / from a single insulator set should
exceed the value given by:

I=E—-27-K, indB(uA)

where
I is in dB(pA);

not

E is the permissible radio noise field strength level during reference weather conditions,

in dB(uV/m), at a direct distance of 20 m from the nearest conductor or the line;

b)

Thi
cor
hag

At

mig
ling
acd

NOT

NOT
| test

for
| Med

K, is the difference in dB between the conductor corona noise levels in the refere
weather conditions—and-that versus the corona noise level in weather conditiong
which the maximum insulator noise is generated.

The equation includes the above-mentioned margin of 10 dB.
Substation plant and hardware

given by:
I=E-12-K, indB(pA)
where

I isin dB(uA);

E is the permissible radio noise field strength level~during reference weather conditig
in dB(uV/m), at a direct distance of 20 m{from the nearest conductor of the li
derived from the relevant example in 5.5;

K, is the difference in dB between theccohductor corona noise level in the refere

noise level is generated.

5 equation is derived from Equation (4) given in 6.2.2.2 of CISPR TR 18-1:__ 23 fo

been made for a margin.

the junction between a line and substation busbars there will usually be an impeda
match. This may create standing waves of radio noise on the first few kilometres of

resulting in a variation of up to £ 6 dB close to the substation. This is not taken i
ount in the formulae given above.

E 1 Theselimits are derived from the permissible radio noise field strength for a line.

[E 2 Thewumain difficulty in the practical application of this principle is to simulate the service conditions for

objectstin the laboratory. As mentioned in 6.3 of CISPR TR 18-1 24 there is at present no agreed proce
simulating in the laboratory the more common service conditions but the matter is under considera

hce

The total current level I injected into a line by a substation should not exceed the vdlue

ice

weather conditions and that in weather conditions in which the maximum substafion

r a

ductor height h of 15 m and a depth of penetration into the ground Pg of 7. m. No provigion

ce
the
nto

the

ure
ion.

nwhile, it is proposed that measurements-should-be are made on equipment in a situation closely relate|

H to

serv

ICe conditions.

‘ NOTE 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.

22 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.

23 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.

24 under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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6 Methods for derivation of limits for the radio noise produced
by insulator sets

6.1 General considerations

This document 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.

The general principle for this coordination is to design the insulator sets in such a way, that
thejr noise contribution to the overall noise of the line or of the substation is negligible for any
surface condition of the insulators. In this respect, a difference of 10 dB between<the” radio
noipe current produced by one span of one phase conductor and that of qne insulgtor
asgembly is considered as being adequate. In addition, following this principle; the nqise
current injected into the outgoing lines by the insulator assemblies of a substation should |not
incfease the intrinsic noise of these lines. To limit any increase to a maximum value of 3 B,
the| radio noise current produced by each insulator assembly within the substation should |not

exdeed the value /Iy =/ n/\/ﬁ where [ is the line conductor noise, Current at the substafion
side, n the number of outgoing lines and N the number of insulatorsets in the substation.

The¢ above principle is economically justified when the noise level produced by the conductors
is ¢lose to the maximum admissible level (e.g. for gradignts of the effective voltage gregter
than 12kV/cm to 14 kV/cm). For lower conductor noisesthis principle could be uneconomic
and it could be acceptable that the radio noise produced by the insulator sets prevailg in
respect to the noise produced by the conductors~in this case, the limit for the radio ndise
curfent of each insulator assembly is directly obtained from the maximum admissible overall
level of the line.

At present, according to this document and 1EC 60437, verification of the radio noise leve] of

the|insulator-assembly-is-made-with-reference-to-onlya is only carried out in the standard and

reproducible condition of the insulatars“being clean and dry.

Sinjce the influence of ambient-and weather conditions is not the same for conductors and
insyilators, radio noise limits{for insulators established considering only the clean and (dry
corldition may not guaranteejacceptable values for other conditions.

This clause intends~to"give, on the basis of the results of systematic radio noise testq in
different countries on” various types of insulators, guidance to take into account the effecy of
the|insulator surface conditions in the selection of the radio noise limits of insulator sets. The
lim|ts and test.procedures suggested are applicable to the cases of insulators to be installed
in greas where they will remain clean or slightly polluted. For insulators in polluted conditigns,
with highthumidity and formation of sparks across dry bands, only some indications abjout
pogsible-femedies are indicated.

6.2 Insulator types

The criteria given in this document 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. Only—a-little limited data can be found for long-rod
insulators 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, regarding dry conditions, the
difference between the radio noise voltage levels of polluted and clean insulators obtained on
single units is also directly applicable to insulator sets, since the voltage distribution along the
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string is determined by the string capacitances and is therefore 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

Thé%ﬂalrysis dependence of the radio noise behaviour of-the insulators-in—respect-of-the|lon
thejr surface conditions is made with reference to the following classification:

— |clean insulators: it is an ideal condition in which the insulators remain completely clefn,
close to the situation of the present laboratory test according to this_document and
IEC 60437;

— [slightly polluted insulators: no important dry-bands are present in wet)eonditions; it is fthe
most common situation in relatively clean areas after a certain period of service;

— |polluted insulators: dry bands are present in wet conditions; it is"the situation in servicg in
polluted areas of various pollution severities.

The¢ analysis of the data confirms that it is very difficult to give general conclusions on [the
eff¢cts of surface conditions, due to the great dispersion ef’the results, especially when fthe
inspilators are slightly polluted, and due to the differentybehaviour of the different typeq of
instyilators.

Even with these limitations, it is possible to-givepropose some qualitative trends and avergage
qudntitative estimations.

The following general considerations apply both to glass and to porcelain cap and |pin
inspilators.

6.3[2 Clean insulators

The radio noise level of insulators decreases with the increase of the relative air humidity|for
all fypes of insulators. Figure 13 gives an example of typical trends for individual cap-and{pin
instilator units; for insulator strings, the influence is more pronounced, considering [the
favpurable effect of the*humidity, which linearizes the voltage distribution along the string| In
any case, the reduction of the radio noise level with an increase of the humidity is myich
higher for the insulators than for the conductors, for which this reduction is negligible.

In fhe presence of condensation without water drops, due to light fog or dew, the radio ndise
behaviour.of a clean insulator is similar to that of the same insulator at very high humidity (fi.e.
90 o095 %).

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 for high
mechanical-performances strength or specially designed for very low radio noise emission in
clean and dry conditions, may present a different behaviour. In particular, in the case of
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insulators designed for with very low radio noise levels emissions in clean conditions, a-great
large increase of the radio noise level at relative-air humidity-greaterthan over 50 % to 60 %
was found for some of them, as shown in Figure 13.

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

In 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
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in the case of clean insulators, the radio noise frequency spectrum of slightly{pollu
ilators is similar to that of the conductor.

4 Polluted insulators

relative air humidity lower than 60 % to 75 %, the radio noise behaviour of polly
ilators is similar to that of clean and slightly polluted insulators.

higher humidity or in case of condensation (light fogHor dew), the pre-discha
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dium frequency and.television reception can be disturbed.

Criteria for setting up radio noise limits for insulators
1 General

the (basis of the considerations of the previous clauses, the criteria for setting up limits
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ifg’ the insulators shall be established with reference to the different areas in which

Type A areas: areas where the insulators remain clean: they are generally characterized
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 gener
characterized by low-intensity contaminating phenomena and by cleaning
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accumulation on the insulator surface so that the formation of partial

discharges across dry bands appears very seldom;

discharges across dry bands is frequent.

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


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

—-42 - CISPR TR 18-2:2017 RLV © IEC 2017

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 5.7 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

radio noise performance of the insulator sets in any atmospheric conditions: in_fact,|as
repprted in 6.3.4, in the case of very high humidity or condensation, a-great large jincreasg of
thelradio noise level may be found for a few particular types of indicators.

To|take account of this fact, it is recommended to maintain the test on-clean and [dry
inspilators which has been defined (see this document and IEC 60437), €gsy to perform and
well reproducible, but to adopt a-greater wider safety margin that in the ‘case of insulatorg to
be jnstalled in type A areas.

This procedure could be too conservative for many insulators.<For this reason, the choicg of
thelmost appropriate additional safety margin should be made©h a statistical basis taking into
acdount the reciprocal radio noise behaviour of conductor and insulator in the various surface
and ambient conditions along with the frequency of occutrence of each condition for the line
under consideration. As guidance, considering the mést common types of insulators and With
ref¢grence to an average moderate climate, an additional safety margin M of 8 dB (18 dB in
total) should be adequate for high-voltage lines and substations.

NoFE The possibility of introducing an alter@ative procedure, consisting of a test on slightly
polluted insulators at high humidity (5% to 90 %) was also considered. It is |not
recommended because it requires a new test procedure to be set up, which is difficult and
exgensive. It is, in fact, difficult toebtain in the laboratory a reproducible pollution lalyer
duplicating the natural light pollution taking into account the fact that the radio noise Igvel
depgends on the distribution of the pollution deposit; in addition, it would be necessary to
perform the test in a climaticaroom, in order to maintain the relative humidity in the requifed
range. Some attempts haye;been made to perform the test on insulators artificially polluted
with slurry which maintains its humidification during the test: for light pollutant layers, this
procedure is, however,‘\quite complex and requires very sophisticated methods of pollufion
application. For these)reasons, tests on slightly polluted insulators can only be considered|for
resparch purposes.

6.4/4 Criterion for insulators to be installed in type C areas

Foi these“areas, the present radio noise test on clean and dry insulators does not give any
ind|catiens of the radio noise behaviour of the insulators in wet and polluted conditions. For
the < bUIId;tiUIIb, d prbifib tb‘bt Ul dltifibid: hcaviiy pu”utcd ;llbuidtulb ahuuid bC bUIID;dUI d
It is, however, difficult to control the radio noise level of wet polluted insulators, which
depends on the design of the insulators, the type of deposit and the non-uniform distribution
of the pollution deposit on the insulator surface and along the string.

In 6.3.4, 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.
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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.

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

As
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Sin

in terms of the radio nois€ voltage level V in dB(uV) produced across a resistance of 300

the

and

Table 3.

(ameavae c—oy—a 8 o sgew O

3 Heate o d vetHp d—by—a
ilator set is given by the following simplified equation (Equation (6)) of 6.2.2.2
PR TR 18-1:__25):

E =l +A+(D-101g (s/500)) + C in dB(uV/m)

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

- 10 Ig (s/500)) takes into account the aggregation of the noise source along the line
span lengths s in metres, at a length of /500 m (average values of D
between 10 dB and 12 dB);

is the field factor that gives the cgarrelation between the levels of
noise field strength and the noise current (at a direct distance of 2
from the line and for an average)line configuration, C lies between 7
and 12 dB);

is given in dB(pV/m), andifpin dB(uA).

an example, considering the averagé.“values given above for the parameters of
ation, and a span length of 500 m,

Ig=E —17 in dB(uA).

ce it is used to express the radio noise current level /g, produced by a single insulator

resulting voltage leyel Vis
V=1,+201g(300) = E; +33=E,-M+ 33 indB(nv)

this relationship originates from the radio noise voltage limits indicated in the follow
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25 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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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 Radio noise voltage limits Test methods

will be installed (Clause 4) QP detector according to

CISPR 16-1-1
(in dB(nV) across 300 Q)

A E.+23 According to this document an

IEC 60437
E ,+15 (on clean and dry insulators)

d

Indications for limits and test procedures applicable to insulators \tg
installed in type C areas cannot be given at present. Possible remedie
the case of non-acceptable radio noise levels, are: the reduection” of
voltage stress by means of longer insulator strings, or leakage ‘paths;
use of composite insulators; the greasing or periodic washing of
insulator sets.
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50 % fair-weather radio noise voltage level produced by the conductor at the direct distance of 20 m from
r phase of the line in dB(puV/m)
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[E 1 The limits reported are applicable to lines characterized by conductor noise‘level close to the maxin
issible level (voltage gradients higher than 12 kV/cm to 14 kV/cm).

lines of special design (having particularly low conductor noise), the dirégt application of the limits indic
d lead to uneconomical requirements for the insulators; to avoid this, ¢he*equation could be utilized also
e lines provided that if EC is intended not as the conductor noise of-the~line under consideration, but the
uced by the conductors of a line of the same category (voltage leveltower geometry, region, etc.) with no
Huctor design.

[E 2 The values apply to line insulators; similar approaches can be applied to substation insulators in res
e noise in the substation itself and the noise conducted into the outgoing lines.
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7.1

Methods for derivation of limits for the radio noise due to HVDC converter
stations and similar installations

General considerations

There are principally two_difféerent sources of radio noise generation in HVDC conve

sta
inc
cor
util

ions and similar high-voltage installations, such as static var compensators (SV(
brporating thyristors, IGBTs or other switched valve devices in their operation.
verter type utilizigg thyristors is termed ‘line commutated converter’ (LCC), the t

[ter
s),

The

pe

zing IGBTs isctermed ‘voltage sourced converter’ (VSC). IGBTs (insulated-gate bip

trapsistor) is one of the switched valve devices in use, mainly for VSC type converter.

cor
ser
har
acd
Se

veniencenthe term IGBT is used throughout this document to refer to the
hiconductor switching device. First, corona discharges on conductors, insulators,
dware-cause noise, similar to that in AC systems. This corona noise can be easily hel

lar
or
ain
nd
to

eptable levels by proper electrical design of the busbars and hardware in the station.
ond; the converter or control valves cause interference due to the rapid breakdown of fthe

vol

age between-arede-and-cathede two main terminals during valve firing. This noise, unlike

noise due to corona, is independent of weather but is influenced by the characteristics of the
converter equipment and by the valve operating conditions.

Without any suppression measures, the radio noise level from the converter or the control
valves could be intolerable and it is, therefore, necessary to reduce this level to an acceptable
value with appropriate methods like those indicated in 7.3.3 and 7.4.2.

An evaluation of the radio noise radiated directly by a converter valve can be performed by
means of the analytical calculation methods 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.
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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.

7.2 Sources of interference
7.21 Mechanism of radio noise generation

An HVDC converter station with LCC is generally made up of several converter groups. Each
one . ) .

val
se\
corlverter transformers on the AC side, and to the smoothing reactors on the DC side{ A lafge
ampunt of auxiliary equipment is also connected on both sides of the bridge circuits:

An|[HVDC converter station with VSC is an emerging technology and diffefent manufactures
maly have different technological approaches. There may appear new ciréuit topologies wHich
are| not described here. There are two types of VSC valve at this time when this documenit is
wriften:

oY)

— |VSC valves of the “switch” type: These valves consist of many Series-connected IGBT{ all
of which act simultaneously and function as a switch whi€h*has only two states, ON &nd
OFF.

— |[VSC valves of the “controllable voltage source” type: In valves of this type, the DC
capacitors form integral part of the valves. The v@lve consists of many series-connedted
cells which act individually, which results in a “cbntrollable voltage source”.

The¢ HVDC converter station with VSC valves\of the “switch” type typically consists of|an
intgrface transformer on the AC side along“with six valves, smoothing reactors and PDC
capacitors on the DC side.

Th¢ HVDC converter station with ;@ 8C valves of the “controllable voltage source” type
typ|cally consists of an interface transformer on the AC side, six valves and phase reactgrs,
DClreactors on the DC side.

An|SVC installation usually*consists of a set of thyristor controlled reactors (TCRs) and
thyfistor switched capacitors (TSCs). The physical arrangement of the thyristor valveyq is
simlilar to that of HVDC converter stations. The thyristors for the TCRs are switched ovdr a
ranjge of firing angles to control the current to the reactors, while those for the TSCs pre
switched at a fixed-point-on-wave (zero-eress-over crossing).

During the (normal operation of-sueh LCC schemes, each valve is turned on and off once per
altgrnating>voltage cycle. The valve firing thus occurs 6 times per cycle of the power
frequency for a 6-pulse converter or SVC installation, and 12 times for a 12-pulse converter.
The ‘atténuation of the high-frequency currents generated by valve firing is so rapid that each
pulse can, from a radio noise standpoint, be considered fully damped before additional pulses
from other valves are injected in the system. For this reason and due to the spread in the
firing angles (even that valves in different groups have the same transformer connections),
the total radio interference level generated is not significantly different from that generated by
a single valve.

The switching times during both turn-on and turn-off are very small,-beirgusuaty-of typically
on the order of a few microseconds. Thyristor valves, when fired, may have a voltage collapse
time of up to 25 us, compared with 1 us for mercury arc valves. The reason for this is the use
of-damping-cireuits valve reactors within the thyristor valve and the fact that the thyristor valve
is composed of a number of thyristors connected in series. As a consequence, the generated
noise is in principle lower for thyristor than for mercury arc valves. Figure 14 shows the
frequency spectra, recorded in the laboratory, of two transient phenomena of the same
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amplitude with rise times of 1 us and 25 us (average values for mercury arc and thyristor
valves, respectively).

During the normal operation of VSC schemes, each valve is turned on and off under the
frequency of several kHz for valves of the “switch” type and some hundred Hz for valves of
the “controllable voltage source” type.

The typical switching times of IGBT are around 0,1 us at turn-on and 0,5 us at turn-off and
they are faster than that of thyristors. This fast switching time and higher switching frequency
may increase the noise level of the VSC HVDC converter station compared to the LCC HVDC
corjverter station. When comparing the VSC valves of the “switch” type and VSC valves aof fthe
“coptrollable voltage source” type, the latter emits less noise because the switching freguency
is much lower and the number of IGBTs which act simultaneously is smaller [44].

Duting both turn-on and turn-off of the valve, transient voltages and currents\appear in fthe
sygtem as a result of the redistribution of the energy stored in the reactive glements before a
new steady state is reached. During turn-off, most of the energy is stored-irry the inductancg¢ of
the| transformer windings. Thus, the transition to the new steady-state ‘eondition is achieyed
esdentially at the relatively low natural frequencies of the transformef_and the system. During
turm-on, however, the energy to be redistributed is stored essentially.in the various stray and
lumped capacitances. This produces a rather complex system of\gscillations whose spectjum
depends not only on the amplitude and shape of the voltage collapse across the valve, ut
alsp on the layout of the connections and equipment connected. The noise spectrum extepds
in frequency up to a few megahertz.

This radio noise may be emitted directly from{the valves and associated equipment
comprising, in this instance, mainly the feederstand the busbars of the converter station.
These busbars will often be of considerable length and thus able to act as efficient radiatgrs.
The¢ converter station will be, of course, connected to incoming and outgoing AC and DC
cirquits and these may consist of overhead.lihes. 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 vdlve
firing voltage. For this reason,-the radio noise level generated by thyristor valves will be loywer
thap that produced by mereury arc valves.

Begides the amplitude ‘of the voltage collapse at the valve firing and the time of this collapse,
thel noise from the_valves is primarily influenced by the height and capacitance to ground of
ind|vidual valves:»The radio interference has therefore a tendency to increase by the voltage
and current_fating of the valves as an increased rating means increased valve size. On fhe
other handj.the noise is little influenced by the number of operating valves in a station. This
hag also been confirmed by measurements in operating converter stations.

Thb DVVitbhydld iayuut dlll:]I thc hwght dlll:lI icllyth Uf thb‘ bubbdlb dibU thb‘ dIbU d yl at
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 transformers into the valve hall and using the transformer bushings as valve hall
bushings. This solution lowers the radio interference significantly because the radiating loop
between valves and transformers is small as it is entirely located inside the
electromagnetically screened valve hall. Additional reduction of the radio interference from
connecting lines could be achieved if for example the converter transformers-were-built would
be equipped with grounded electrostatic screens between the two windings.

Oil-cooled thyristor valves will require a metallic tank. In this case, the valve circuits will be
effectively screened electromagnetically, and the radio interference problem will be
significantly reduced.
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7.3 Radiated fields from valve halls

7.3.1 Frequency spectra

Examples of frequency spectra due to direct radiation from a converter station are given in
Figures 15 and 16 for converter stations equipped with mercury arc and thyristor valves,

respectively. No qualitative differences can be-remarked discerned between the radio noise
spectra generated by mercury arc and thyristor valves converters.

7.3.2 Lateral attenuation

The interference from the valve hall is dominated by direct radiation from the converter valyes
and their connections to other-pieces—of equipment. The physical size of the radiating [opps
is gmall compared to the wavelength of the noise in the range of frequencies  of{interlest
(0,15 MHz to 30 MHz). Therefore, the converters can, from a radiation standpoint, \be treated
as |vertical electrical dipoles (with a pure capacitive radiation impedance)y As a ffirst
approximation, the analytical equations derived from antenna theory can be used to predict
the|lateral attenuation from the valve hall.

The attenuation of the noise level is approximately proportional to the\inverse of the squarg of
the| distance for frequencies up to 1 MHz and becomes proportional to the inverse of fthe
distance for higher frequencies (>10 MHz).

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

7.313 Reduction of the radio interference dueto/direct radiation from the valve hal

Thef electromagnetic screen of the valve hall fras proved to be effective for reducing fthe
radjated 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 shquld
be |given to the construction techniques,\availability of materials, and overall cost before [the
degign of the valve hall can be finalized.

Metallic screens in the form of either solid plates or wire mesh, having a high conductivity and
erably also high permeability, are-generally typically used in the walls and ceiling of fthe
valye hall to provide the electromagnetic shielding. Together with the wire-mesh ground g¢rid

prejcautions to ensurezgood contact between different sections forming this Faraday cage, fhe
radjated interference_can be attenuated by 40 dB to 60 dB. Any discontinuities, gaps or hdles

The connections between the valves and the AC and DC sections of the outdoor switchyjprd
ide_a—conductive coupling resulting in a radiation from the busbars and the varipus
elements)in the switchyard itself. This radiation may thus become much more important than
thaf \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 converier 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
bushings by installing filters. Another is to screen the entire switchyard electromagnetically. If
noise reduction within a narrow bandwidth is required, the first method is normally adopted.
To make the filters more effective, they may be enclosed with the valve hall bushings in an
electromagnetically screened building adjacent to the valve hall.

7.4 Conducted interference along the transmission lines
7.41 Description of the mechanism and typical longitudinal profiles

Radio interference currents are transmitted from the converter valves both to the DC and to
the AC lines connected to the converter station. In the case of the AC lines, the high-
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frequency currents are conducted through the capacitive couplings of the converter
transformer windings. A grounded shield between windings could be used to reduce this
transfer.

The radio interference spectra due to currents injected by converter valves have a shape
similar to those generated by corona. An example of a noise spectrum measured near an
HVDC line at a short distance from a converter station is shown in Figure 18 and in Figure 19
for an AC line. Figure 20 gives the noise spectrum measured in the vicinity of the electrode
line, at a distance of 1,5 km from the same converter station operated with thyristor valves
and mercury valves.

Th{ radio interference caused by the valve noise currents on the outgoing lines has™bg¢en
found to be dominated by the zero sequence component of the currents. The attenuation of
thig component is very high compared to that of line-to-line modes and therefore the rgdio
noise level at a given distance from the line decreases rapidly with distance from fthe
corjverter station. At-higher greater distances, the line-to-line mode components will dominjate.
As |a consequence, the radio interference due to the valves is overridden by,corona noise at
disfances exceeding 5km to 10 km from the converter station.,For AC lines, [the
corfesponding distance is somewhat longer. As a guide, an attenuation rate for [he
longitudinal profile of the radio noise equal to about 4 dB/km can befassumed [13], [14], [4].

Frelquency spectra measured along a DC transmission line at{ different distances from [the
corjverter station are given in Figures 21 and 22. It has“te be remembered that in fthe
mepsurements performed in the vicinity of the first spans, the contribution of the difect
radfation from the converter station cannot be disregarded.

Fon the evaluation of the lateral attenuation of<th€ radio noise from the line, see 8.6 of
CI§PR TR 18-1: 26,

7.4/2 Reduction of the interference conducted along the transmission lines

The electromagnetic disturbances due to valve firing, conducted and radiated from the DC
and AC lines connected to a converter station may disturb not only the radio reception jput
alsp 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 disturbafpce
may be relatively high, filtering'/may be necessary.

Bamnd-pass filters madé\of capacitors and inductors (generally with resistive dampers) shall
takp into account (the stray capacitances and inductances of the bus connections
equipment. If filtefing were necessary even in the frequency range above 1 MHz, simple fil
mapge can be implemented consisting of a single conductor parallel to the line whose length
egial corresponds to a quarter of the wavelength of the frequency to be protected
usgd. It-has—te should, however, be noted that such filters allow for the protection of onl
lim{ted band of frequencies.

758 | eriteriaforstatinatimit

7.5.1 Overview

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

— direct radiation in the area around the converting station;

— propagation of the noise along the DC and AC lines starting from the converting station.

26 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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NOTE |In limited areas close both to the converter station and to outgoing lines (these areas are within 1 km or
2 km at the most from the border of the converting station), there is a superposition of these two-abeve-ways—of
noise propagation mechanisms. The net effect of this superposition is difficult to predict. If it is deemed necessary
to cover this aspect, an additional margin could be added to the limit for the radiated field.

7.5.2 Direct radiation

The radiated field strength at a reference distance from the border of the converting station
should be limited according to the criteria indicated in Clause 5 of this document, which takes
into account an acceptable signal to noise ratio (SNR) and the statistical distribution of the
noise level. To this purpose, it should be reminded that the radio noise produced by converter
stafions is not correlated, as corona Noise, 10 the weather conditions. The rererence 30 %
vallie can be derived from a statistical distribution where the variability is determined by fthe
different possible conditions of operation of the converter station (functioning as inverteq or
rectifier, firing and extinction angles, level of the direct voltage, etc.).

In practice, in the very frequent case of an HVDC converting station operating/for more tlhan
80 [% of the time at conditions close to the nominal conditions, the 80 % radio noise level will
coipcide with that of nominal operating conditions.

7.5(3 Propagation along the lines

The¢ basic criterion is that the contribution of the radio noisescuirrent due to the operation of
the| converting station in each line, DC and AC, connected to the station, shall jnot
sulistantially increase the intrinsic noise level of the line beyond a given distance from [the
stafion. This distance should be determined considering.the type of area crossed by the line
(rural areas, residential area, etc.). To keep this increase within 3 dB at the above-mentioned
distfance, the noise current level arriving in that point from the converting station should|be
arojund 10 dB lower than the noise current level 0f the line.

corfesponds to the total noise current value produced either on the AC side or on the DC dide
of the station divided by the number ofSAC and DC lines, respectively, diminished according to
the| expected longitudinal attenuation from its injection point to the point of observation at fthe
ling. Unless more specific information is available, the longitudinal attenuation facfors
ind|cated in 7.4.1 can be taken as"a reference.

Thl noise current value from the converterétation at the distance of interest along the line
r

To |determine the 80 % limits of the radio noise current generated by the converter station, fthe
varjability of the noise ‘currents of the line (depending on weather conditions) and that of fthe
corlverter station (depending on the operating conditions; see 7.5.2) shall be taken into
acdount. 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 determiped
cornservatively:comparing directly the 80 % values of the two distributions.

Based on‘the above indications, the 80 % value of the noise current level from the converfing
stafion;, Igg o,.cs» May be put in relationship with the 80 % value of the level of the line, Igg 4,

I80 %-CS = /80 %-L +A+ 20 |g(n) - 10 in dB(l,lA)

where
n is the number of DC or AC lines;

A is the attenuation along the length of line (in dB) for which an increase of more than 3dB is
accepted.

NOTE To verify that the radio interference level at a given lateral distance from the line
complies with the criterion indicated above, the measurements should be performed at a
longitudinal distance from the border of the converting station sufficient to avoid the
superposition effect mentioned in 7.5 (more than 1 km, e.g. at 2,5 km).
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Figure 1 ~Transformation of pulses through a CISPR measuring receiver
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Figure 2 — Bursts of corona pulses generated by alternating voltage
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Figure 3 — Example 'of extrapolation to determine the radio noise field strength
reference level of a power line, here at the direct reference distance of 20 m



https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

T

Test
object Zs

- 52 - CISPR TR 18-2:2017 RLV © IEC 2017

NOT

H.V. transformer

RL

- IEC

Figure 4 — Basic test circuit

- Corona-free
l termination

3l

H.V. transformer

i

Cy lc3

Ly

1 |

|
T

|
|

|
|

|
|

|
|
| |
—_ -1

Test
object
Measuring
Ry set
ta¢ o
R ( :>
1 Ren
_ O

[E Filter'F can be aperiodic or consist of L, in parallel with C,.

R =300 Q
IEC

Figure 5 — Standard test circuit
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Figure 9 — Arrangement for calibration of the standard test circuit
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above ground  (m) b Etectric field (dB(uV/m)) Minimum signal level to be protected
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2 4 :
_ g \/' )2 - Acceptable noise
d A1 W
// % Direct reference A \f_ — Reference noise level Eg
-~ / distance X \\ . :
L~ 15m Dy=20m A | \\ Profile for prescribed
/ I \\ vvcat: 1T \JUIIU‘itiUII
/ —~
- ?
Good reception not warranted Protected distance Lateral distange, (m)
IEC
a) Situation for a power transmission line
with a conductor height above ground up to 15 m
Conductor height .
above ground (m) ? Electric field  (dB(uV/m)) Minimum signaldevel to be protected
o L. o 9o
_,/ s Necessary signal-to-noise ratio
/ %
% | /.).2 _ Acceptable noise level
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o |~ ~~—_Weather condition
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% 12 m
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IEC
b)~ Situation for a power transmission line
with\a_conductor height above ground greater than 15 m
Figure 11 — lllustration of the four basic parameters for a power transmission line
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Figure 12 — Example of typical statistical yearly "all-weather" distributions
of the radio-noise levels of\a bipolar direct current line (--—)
and for an alternating current line in a moderate climate (- - -)

The 80 % radio noise level corresponds to fair weather for the direct current line and to foul
weagther for the alternating current-ine.
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Figure 13 — Example of radio noise voltage level V, as afunction of the relative air|
humidity R.H., in clean conditions and slightly polluted conditions, of a
standard insulator (——-) and a particular type oflow noise" insulator (- - -)

Both insulators are glass cap-and-pin insulators of-the same class (U120 BS as in IEC 60305
[8]). For each insulator type, one single unit was-tesSted at a voltage of 14 kV.
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See reference [39].

Figure 14 — Example of frequency spectra of pulses with different rise times,
simulating commutation phenomena in mercury valves and in thyristor valves
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Figure 15 — Example of frequency spectra/of the radio interference recorded
outside the hall of a mercury arc valve converter station with and without toroidal filt
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Figure 16 — Example of frequency spectra of the radio interference recorded outside
the hall of a thyristor valve converter station for different operating conditions
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culated levels for free wave propagation of a radiation caused by a vertical electrical dipole; see reference
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Figure 18 — Example of frequency spectrum of the radio interference in the vicinity
of a DC line (30 m) at a short distance from the converter station
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Figure 19 — Example of frequency-spectrum spectra of the radio interference in the
vicinity of an AC line (20 m) at a short distance from the converter station
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Figure 20 — Frequency spectra of radio interference at. 20 m from the electrode line
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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 operation
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Figure 22 — Frequency spectra of the radio interference recorded along a 200 kV DC ljne,
at 20 m from the conductor, at different\distances from the converter station
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Annex A
(informative)

Radio interference measuring apparatus differing
from the CISPR basic standard instruments

CISPR TR 18-2:2017 RLV © IEC 2017

which are the basic reference

instruments for determining compliance with CISPR limits in the frequency range 0,15 MHz to
300 MHz, there are instruments of other types used for radio noise measurements on power

|in £=J GII\’.“I IIIHII VU:tGlUU Uquime It
In the United States and Canada, ANSI (American National Standards Institute)<{stand
insfruments which had quasi-peak detectors with a charge time constant of 1\ms and a
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bsuring corona noise. Latest ANSI standard (ANSI C63.2-2009719]) incorporates the CI
cifications for the quasi-peak detectors, that is, ANSI QP_detector has the same cha
e constant and discharge time constant per CISPR spegification and the bandwidth g
r used is identical.

ruments with detectors other than quasi-peak which include RMS, average and p
ectors are specified in CISPR 16-1-1. Thesesinstruments should be used for stan
asurements only when conversion to -guasi-peak values is possible.

5e conversions do not apply to corona pulses which occur in bursts (see 4.1.1).

d
AIthongh
PR 16-1-1 gives the conversions to quasispeak values for periodically repeated pulges,
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Annex B
(normative)

List of additional information to be included in the report
on the results of measurements on operational lines

When the results of measurements are reported, the following additional information should

be

a)
b)

c)

d)

e)

included:

Conductor surface \/ﬁH‘:\gQ grar{ionf RMS value for e\]/efnm \/hH‘an at time- of

measurements. State, in the case of bundles, if gradient is average or maximum.

Atmospheric conditions at measurement sites: temperature, pressure (altitude),<humidity,
wind speed, etc.

Pollution of conductors, insulators and fittings. State if "light", "moderate” or "sevdgre"
pollution and, if possible, the type of pollution, for example, cement or saline and [the
resistivity of the equivalent saline mist.

Type of insulator — if radio noise measurements, according to 4.2, have been made oh a
complete insulator set of this type, the information should be included.

Conductor configuration including:

i) presence or not of earth conductor;

ii) number of conductors per phase and relative dispasition;
iii) nature of conductor;

iv) height of conductors above ground at measurement site.
Age of line.

Line support — metal tower or wood or concrete pole.

Distance from nearest substation, transposition and angle structure and the presencq or
not of line traps for carrier communication equipment.

Distance from other lines or sourges of interference which may affect the measurements.

Whether the results are from*a-single measurement or from a statistical assessment. Izlata
from a statistical assessmient may conveniently be presented in statistical form udging
cumulative probability spaper. Results may be summarized by quoting the noise leyels
exceeded for 5 %, 20.%7;50 %, 80 % and 95 % of the time.

The period over afhich the measurements have been made. For a full assessment of fthe
radio noise performance of a high voltage line, only measurements made ovef a
sufficiently lang-period may be considered as significant.

Resistivity/of the soil, if known.

The linetoading (where this may be important).
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Annex C
(informative)

Minimum-breadecast radio signal levels to be protected —
ITU recommendations

C.1 Broadcast radio (low frequency (l.f.) and medium frequency (m.f.) bands

CISPR TR 18-2:2017 RLV © IEC 2017

)

Forthe lf—and m.f-bands the |TU has established for three climatic zones (A, B and (‘) the

mir
noi
nat|

For

imum field strength necessary to overcome natural noise (atmospheric noise, cos
5e, etc.) [22]. These levels, which have been determined by adding 40 dB to the~valusd
ural noise distribution exceeded for 10 % of the time, are given in Table C.1:

Table C.1 — Minimum field strength (I.f. and m.f. radio)

Zone
A | B c
Frequency Field strength
MHz dB(uV/m)
0,15 73 83 76
0,28 70,5 80,5 73,5
0,5 65 75 68
1,0 60 70 63
1,6 57 67 60

mic
of

broadcast planning purposes, the '"'U has also recommended nominal usable field

strgngths. These recommendations, including the footnotes, are reproduced here for fthe

0,5
lim

The¢ nominal usable field strength values are shown in Table C.2 below in dB(uV/m).

MHz to 1,7 MHz and 0,15 MHz 10:0,28 MHz bands. The exact values of upper and lower
ts of the various frequency bands, for different regions of the world, can be found in [21].

Table C.2 — Nominal usable field strength

Zone A Zone B Zone @

A. |Medium frequency (0,5 MHz to 1,7 MHz)

Daytime ground-wave service 63 73 66

Night-ground-wave service @

—~dral areas ® 71 81 74

— urban areas 77 87 80

Low-power channels 77 87 80
B. Low frequency (0,15 MHz to 0,28 MHz) °© 77 87 80

Where the transmitter power is sufficiently high for the ground-wave service area to be limited by fading due to
the sky-wave transmitter, a nominal usable field strength greater than the value given in the table may be
chosen. It should not, however, be greater than the ground-wave field strength at the beginning of the fading
zone. The fading zone may be defined by taking the protection ratio between the ground-wave and the sky-
wave to be equal to the internal protection ratio applicable to a synchronized network, that is 8 dB.

Some delegations consider a nominal usable field strength of 65 dB(uV/m) to be suitable for rural areas in
their countries.

Certain delegations consider a value of nominal usable field strength of the order of 73 dB(nV/m) to be
appropriate in non-tropical rural areas.
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C.2 Broadcast radio (high frequency (h.f.) bands)

For broadcast planning purposes in the h.f. range, the ITU has recommended nominal usable
field strengths, the minimum ones are listed in Table C.3. These are based on ITU papers [46]
and [47] and can also be reviewed in the IEC publication in the EMC Zone under Radio
Services Database.

Table C.3 — Minimum field strength (h.f. radio)

Frequency Reference Field strength Protection ratio
chaiy o document o
Aars faBtv i Bt
5,900-5,950 ITU-R P.372-13 45 27 \%
7,200-7,300 ITU-R P.372-13 45 27 ,\Q
9,400-9,500 ITU-R P.372-13 44 27 N
11,600-11,650 ITU-R P.372-13 43 27
vV
- - - 7
12,050-12,100 ITU-R P.372-13 43 205
13,600-13,800 ITU-R P.372-13 43 27
15,100-15,600 ITU-R P.372-13 42 A'\\ 27
17,480-17,550 ITU-R P.372-13 42 OX 27
18,900-19,020 ITU-R P.372-13 41 ,.\“O 27
25,670-26,100 ITU-R P.372-13 404 27
3,950-4,000 HFBC-87 X 27
5,950-6,200 HFBC-87 O\)‘45 27
N\
7.300-7,350 HFBC-87 N\ 45 27
\\J
9,500-9,900 HFBC-87 , 44 27
2
11,650-12,050 HFBC-8%." 43 27
13,570-13,600 HEBE 87 43 27
13,800-13,870 WFBC-87 43 27
P N
15,600-15,800 %>’ HFBC-87 42 27
N >
17,550-17,900 .0 HFBC-87 42 27
21,450-21,850- HFBC-87 41 27
C.3 Amate@padio
Am ons can listen to signals which are only barely above the noise level as defiped
by the als
mu and
the o ield enath he a he

States recognize that

among

It should be noted that Radio
frequencies

Reg
which

have

ulation 4.11 of ITU says,
long-distance

propagation

characteristics, those in the bands between 5 MHz and 30 MHz are particularly useful for
long-distance communications; they agree to make every possible effort to reserve these
bands for such communications”.
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Table C.4 — Field strength limit (amateur radio)

CISPR TR 18-2:2017 RLV © IEC 2017

Frequency Reference Field strength Protection ratio

[MHz] document [dB(uV/m)] [dB]

1,81-2,00 ITU-R P.372-13 -13 0

3,5-4,0 ITU-R P.372-13 -16 0

7,0-7,3 ITU-R P.372-13 -18 0
10,10-10,15 ITU-R P.372-13 -20 0
14.00-14.35 ITU-R P.372-13 21 0

18,068-18,168 ITU-R P.372-13 22 0 QY
21,00-21,45 ITU-R P.372-13 —22 0 Qy
24,89-24,99 ITU-R P.372-13 -23 0 R
28,00-29,700 ITU-R P.372-13 —24 0 q>)
7Y -
W
,\‘b
O
(( e
N
%]
&
¥
xO
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Annex D
(informative)

Minimum broadcast signals to be protected —
North American standards

In North America, the signal levels at the edge of the service area of a broadcasting station,
according to NARBA and other standards [23], [24], [25] are as described in the Table D.1
below.

Table D.1 — Signal levels at the edge of the service area in North America

Service Frequency Signal levels
MHz dB(p\v4n)
AM radio 0,5t0 1,7 54
Some "class A" stations 40
HF television (channel 2 to 6) 54 to 88 4
VHF television (channel 7 to 13) 174 to 216 56
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Annex E
(informative)

Required signal-to-noise ratios
for satisfactory reception

AM sound radio broadcasting:

Although no exact recommendations concerning acceptable signal-to-noise ratios have been
dey
the
wit

[9].

For measurement of the signal, some investigators used the quasi-peak detector
others used the average detector.

detector and noise measured with the quasi-peak detector of a CISPR measuring receiyer.

TaFe E.1 shows all the data, corrected to represent signals measured, with an average
Tabl

e E.2 defines the codes for quality of reception used in Table EX. Average rather than

qu3asi-peak measurement of the signal level seems logical since signal levels, as defined| by
intgrnational bodies such as CCIR and NARBA, are average or RMS values of the modulated
sighal.
For the development of limits, any of the ratios in Table E.1T could be used. It is not possible
at present to state which is the most accurate. As a guide; the last column of Table E.1 shqws
thelmean of all the values for each quality of reception.
Telpvision broadcasting:
Soine signal-to-noise ratio tests have been conducted for power line noise in the v.h.f.
telgvision bands. The results indicate sthat a 40 dB ratio, with the signal measured by|an
avdrage detector and the noise measured by a CISPR measuring receiver, with a quasi-pgak
detector, may be satisfactory. However, this subject is still under consideration.
Table E.1 — Summary of signal-to-noise ratios for corona from AC lines
Signal measured with average detector, noise measured with quasi-peak detector
. IEEE Radio A
Capadian . Lippert . . .
Voluntary DNeoslisgen Pakala T:ty‘l?r Geeth;;g Nigol CIGRE Hirsch D:ﬂ“g';gzgs
Standard Guide et al. <
[
1 2 3 4 5 6 7 8 9 =
Codp |Ratio |\Code |Ratio | Code | Ratio |Code |Ratio | Code |Ratio | Code |Ratio | Code |Ratio [ Code |[Ratio | Code | Ratio
dB dB dB dB dB dB dB dB dB
A1l (397 - - - - 0 | 41| - - - - - - - - - - | 40
A2 3+ A5 3+ A S 4 35 = 3+ 5 = 5 36 4 St © 36 32
B |26 | B4 |26 | B |25 | 2 |29 | - | 26| 4 [ 25| 4 |24 | 2 |20 | 1 | 30 |26
C|21|c3|21|Cc 21| 3 |23 | — |21 | 3 |21 | 3 |18 | 3 |14 | 2 | 24 |20
D |15 | D2 |15 | D |15 | 4 |18 | - |16 | 2 |15 | 2 |12 | 4 | 8 | 3 | 17 | 15
E| 9 |E1| 4 |E |7 |5 |12|-]10|1|-1]1|86]|5]|-1]41]10]Ss
- - | FO | - F - 6 6 - - 0 - 0 0 - - 5 2 3
The description of the codes shown in Table E.1, which eventually define the quality of

reception or degree of annoyance, as used by the various investigators, is summarized in
Table E.2 below.
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Table E.2 — Quality of radio reception or degree of annoyance due to RFI

Description of the codes used in Table E.1

Column in Table E.1

Canadian voluntary standard

A1 Entirely satisfactory for classical music
A2 Satisfactory for general listening

1 B Background noise reasonably unobtrusive
C Background noise evident

D Background noise very evident

E Difficult to understand

IEEE radio noise design guide

A5 Entirely satisfactory

B4 Very good, background unobtrusive

C3 Fairly satisfactory, background plainly evident

D2 Background very evident, but speech easily understood

E1 Speech understandable only with severe concentration

Lippert, Pakala, Bartlett, Fahrnkoft

A Entirely satisfactory
Very good
Fairly satisfactory

Speech easilyunderstood

w
m O O @

Speech uhderstandable

F Speechunintelligible

Taylor et al.

0\ EXxcellent

1 Entirely satisfactory
Very good
Fairly satisfactory

2
3
4 Speech easily understood
5

Speech understandable

6 Speech unintelligible

Gehrig, Peterson, Clark, Rednour

Background not detectable
Background detectable

5 Background evident
Background objectionable

Difficult to understand

Unintelligible
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5
2
o
&
c | Description of the codes used in Table E.1
[=
£
3
o
o
Nigol (Burrill's Code)
5 Entirely satisfactory
4 Very good, background unobtrusive
6 3 Good, background evident
2 Program easily understood, background very evident
1 Program badly distorted, background very evident
0 Program unintelligible
CIGRE
5 Interference not audible
4 Interference just perceptible
7 3 Interference audible, but speech perfectly received
2 Unacceptable for music, but speech intelligible
1 Speech understandable only with sevetal concentration
0 Spoken word unintelligible; noise swamps speech totally
Hirsch
1 Very good reception, no disturbance detectable
8 2 Good reception, disturbance without severe nuisance
3 Satisfactory reception; disturbance evident
4 Sufficient reception, distorted with very evident noise
5 Insufficient,reeeption, program unintelligible
De Michelis and-Rosa
0 No.interference. No disturbance perceived
1_«Barely perceptible. Disturbance audible during conversation in a low
voice, but not during conversation in a normal voice
9 2 Perceptible. Disturbance audible in any case but not particularly irritating

3 Somewhat objectionable. Disturbance audible even during musical
broadcast

4 Definitely objectionable. Irritating but perfectly intelligible

Intolerable. Extremely irritating disturbance with reduced intelligibility
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Annex F
(informative)

Derivation of the equation for the protected distance
The equations used in the examples in 5.5.1.3 and 5.5.1.4 is derived as follows:

The acceptable noise level at the protected distance is:

Np =Sp - Rp
where

Np| is the acceptable noise level at Dp, in dB(pV/m);

Sp| is the protected wanted radio signal level, in dB(pV/m);
Rp| is the required signal-to-noise ratio (SNR), in dB;

Dp| is the protected distance, in m.

Buf using the attenuation equation given in 5.3.5.1:

Dp

Np = Ej — Klg——
P 0 g 20

where

E, | is the noise level at the reference distance, in"dB(uV/m); and

K | has a value of 36 for I.f. band, and 33 for ¢n_f: band.

Dp

Sp - Rp'=Ey - Klg——
P P 0 920

(EO +Rp-Sp )
Therefore Dp =10 K
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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

[he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bl national electrotechnical committees (IEC National Committees). The object of IEC is to pron

his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
fechnical Reports, Publicly Available Specifications (PAS) and Guides¢/ thereafter referred to as

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory works “International, governmental and

povernmental organizations liaising with the IEC also participate in(this preparation. IEC collaborates clo
vith the International Organization for Standardization (ISO) in%accordance with conditions determined
hgreement between the two organizations.

lhe formal decisions or agreements of IEC on technical maiters-express, as nearly as possible, an internati
consensus of opinion on the relevant subjects since each™technical committee has representation fron
nterested IEC National Committees.

EC Publications have the form of recommendations™or international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of
Publications is accurate, IEC cannot be held\tésponsible for the way in which they are used or for
nisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergd
between any IEC Publication and the corresponding national or regional publication shall be clearly indicatg
he latter.

EC itself does not provide any 'attestation of conformity. Independent certification bodies provide confor
hssessment services and, il some areas, access to IEC marks of conformity. IEC is not responsible for
bervices carried out by independent certification bodies.

Al users should ensuré:ithat they have the latest edition of this publication.

No liability shall attach’to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag|
bther damagetef*any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses afising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications)

ndispensable for the correct application of this publication.

5ing
ote

nternational co-operation on all questions concerning standardization in the electtical and electronic fields| To

bns,
IEC
bted
on-

sely
by

bnal
all

bnal
IEC
any

ons
nce
d in

Mmity
any

and
e or
and
IEC

A\ttention, is drawn to the Normative references cited in this publication. Use of the referenced publications is

t of

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

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

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a)

updated description of the RF characteristics of spark discharges;

b) measurement method for radiated disturbances in the frequency range from 300 MHz to 3

GHz.

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

DTR Report on voting

Ful
rep

Thi

A list of all parts of the CISPR 18 series can be found, under<ihe general title R4
rference characteristics of overhead power lines and high-voltage equipment, on the IEC

inte
we

The committee has decided that the contents of this publication will remain unchanged

CIS/B/654/DTR CIS/B/675/RVDTR

information on the voting for the approval of this technical report can be found in
ort on voting indicated in the above table.

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

Dsite.

the

dio

ntil

the| stability date indicated on the IEC web site under'http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* |reconfirmed,

e |withdrawn,

» |replaced by a revised edition, or

* |amended.

A blilingual version of this publication.fmaay be issued at a later date.

IMPORTANT - The 'colour’inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the corrgct
undlerstanding of itsicontents. Users should therefore print this document using| a

col

ur printer.
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INTRODUCTION

This Technical Report is the second of a three-part series dealing with radio noise generated
by electrical power transmission and distribution facilities (overhead lines and substations). It
contains recommendations for performance 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 recommendations given in this Part 2 of the CISPR 18 series are intended to be a useful
aid to engineers involved in maintenance of overhead power lines and substations and also to

any
pro
gern
ma
ad

Thi
tec
edi
me
suj
noi

1)

2)

the
int

one concerned with checking the radio noise performance of a line to ensure satisfactory

tection of radio reception. Information on the physical phenomena involved- in
eration of electromagnetic noise fields is found in CISPR TR 18-1. It also includes
n properties of such fields and their numerical values. CISPR TR 18-3 eventually contd
ode of Practice for minimizing the generation of radio noise.

5 third edition of CISPR TR 18-2 is adapted to the modern structure” and content

ion and adaptation to modern terminology. This third edition now @lso covers an adequ
fhod of measurement for radiated disturbances from HV overhead power lines
stations in the range 300 MHz to 3 GHz, since gap-type disCharges can be a poten
5e source disturbing modern digital radio communication. However, because

hnical reports issued by IEC. The second edition of CISPR TR 18-2\underwent thoroI?gh

there is not sufficient experience and information tegarding gap-type noise and t
further investigations regarding noise characteristicé)and how gap noise disturbs dig
radio communication are necessary,

gap noise is not persistent in normal operation’ of the electric power facility and tendg
emerge from defective components,

re is no discussion in this edition regarding technical considerations for derivation of lin
he frequency range 300 MHz to 3 GHz.

The CISPR 18 series does not deal with biological effects on living matter or any iss

reld

bel

ted to exposure to electromaghnetic fields.

The main content of this\technical report is based on historical CISPR Rec. No. 56 gi
DW:
COMMENDATION"No. 56

RE

METHODS OF MEASUREMENT OF RADIO INTERFERENCE CAUSED BY
OVERHEAD POWER LINES AND HIGH-VOLTAGE EQUIPMENT AND
THE PROCEDURE FOR DETERMINING LIMITS

the
the
ins

of

te

nd
tial

hus
ital

to

nits

les

en

The CISPR

CO

a)

b)
c)

NSIDERING

that a general description of the radio interference characteristics of overhead power lines

and high-voltage equipment has been published in CISPR 18-1,
that the methods of measurement of these characteristics need to be established,

that national authorities require guidance on the procedure for determining limits of such

radio interference.
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RECOMMENDS

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 's

rad

The methods of measurement in CISPR TR 18-2 detail the techniques and procedures for

wh
oV
of i

Wi

Thi
noi

The procedures are only valid for long and medium-waves because procedures applicablg

VH
yet

It id
intq
wh

Thj procedures for determining limits define the expected values of radio noise field and

io interference are recommended.

bn measuring electromagnetic fields arising from radio interference atnsites close
rhead lines and also the techniques and procedures for making laboratory.measureme
hterference voltages and currents generated by line equipment and accessories.

th of the "disturbed" corridor following the route of the line.

5 corridor takes into account the effective field strength of\the wanted signal, the signal
e ratio selected and the expected strength of the noise field for a given line.

[ analogue television broadcasting and digitalterrestrial television broadcasting have
been decided, due to insufficient knowledge;

rnationally. Rather it details the procedures to enable national authorities to specify lin
bre it is decided that there is a need for regulations.

ich

Ise
to
nts

the

—

o_

to
not

emphasized that this part of CISPR 18cdoes not specify a single set of limits to be applied

nits



https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

-10 - CISPR TR 18-2:2017 © IEC 2017

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

Part 2: Methods of measurement
and procedure for determining limits

Thi
poy

The frequency range covered by this publication is 0,15 MHz to 3 GHz.

Ad
andg
me

Scope

ver lines and high-voltage equipment which may cause interference to radio-reception.

eneral procedure for establishing the limits of the radio noise field from the power li
equipment is recommended, together with typical values as)examples, and methods
pasurement.

5 part of CISPR 18, which is a Technical Report, applies to radio noise from\overhe¢ad

hes
of

The clause on limits concentrates on the low frequency and*medium frequency bands and it is

onl
exe
besd
hay
lev
SO

y in these bands where ample evidence, based on established practice, is available.
mples of limits to protect radio reception in the~ffequency band 30 MHz to 3 GHz h
n given, as measuring methods and certain gther aspects of the problems in this b
e not yet been fully resolved. Site measurements and service experience have shown
bls of noise from power lines at frequenciés.higher than 300 MHz in normal operation
ow that interference is unlikely to be caused to television reception.

Th
pr

thel appropriate transmitters in the radio frequency bands used for a.m. radio broadcasting
the| least favourable conditions(likely to be generally encountered. These limits are inten
to |provide guidance at thelplanning stage of the line and national standards or ot
spgcifications against which the performance of the line may be checked after construc
and during its useful life.

Th
cor
see€

2

values of limits given as examples are calculated to provide a reasonable degre€
ection to the reception of broadcasting at the boundary of the recognized service areaj

No
hve

nd
hat
are

of
of

measuring apparatus and methods used for checking compliance with limits sho
hply with the respective CISPR specifications, as e.g. the basic standards series CISPR

(11"

Normative references

ed
er
ion

in

uld
16,

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. 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 1

Ele

ctromagnetic compatibility

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

1 The figures in square brackets refer to the Bibliography.

61:
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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

ISO IEC Guide 99, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

NOTE Informative references are listed in the Bibliography.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161~and [the
ISQ IEC Guide 99 apply.

IS@ and IEC maintain terminological databases for use in standardization @t the followling
addresses:

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

¢ |ISO Online browsing platform: available at http://www.iso.org/obp

4 | Measurements

4.1 Measuring instruments

411 Response of a standard quasi-peak CISPRymeasuring receiver to AC generated
corona noise

CISPR 16-1-1 specifies the response characteristic of a measuring receiver to periodicglly
repeated pulses, according to their repetition’ frequency, for a number of different frequepcy
ranges and bandwidths including the range 0,15 MHz to 30 MHz and a resolution bandwidth
of 9 kHz.

Figure 1 indicates the form these'pulses take as they progress through the various stageg of
thel measuring receiver. Howeéver, in the special case of corona pulses generated by high-
voliage AC power systems,\the individual pulses are not equally spaced throughout a cycle
butjoccur in closely packed-groups or bursts around the peak of the voltage waveform. A byrst
hag a duration not exteeding 2 ms to 3 ms and this is followed by a quiescent no-corpna
perjiod.

Owling to its inherent time constants, a standard quasi-peak CISPR measuring receivef is
unable to respond to individual pulses within a burst, which is seen as a single pulse whose
amplitudesis_discussed below.

Heneg the pulse repetition frequency, in the meaning of the CISPR definition, is constan} at
2 f twitere s the power systerm frequency) for singte phraseand 6 for three=phase—singte 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.

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. 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
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and are given in Clause 4 of CISPR TR 18-3:__ 2. 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 Af, a damped oscillation whose duration can be taken as approximately
2/RBW (i.e. 0,5 times its IF amplifier resolution bandwidth), or 0,22 ms for 9 kHz. When there
are a large number of pulses distributed at random within a burst, the resulting oscillations will
overlap randomly and the overall quasi-peak signal will be approximately equal to the
quadrat|c sum of the individual quasi- peak values. This statement, which is difficult to prove
ma Ilclllcll.lbdlly, Ildb UCCII VVUII MITUVTTI Uy UA}JCIIUII\;C dllu JUDLIIICD l.IIC uostc, III quam p,ak
detection, of the quadratic summation law which would moreover be rigorous if the-nqgise
levels were expressed in RMS values.

4.1[2 Other measuring instruments

Mepsuring instruments differing from standard CISPR instruments are refefred to in Anneix A
although measuring instruments having detectors other than quasi-peak ane also referred t¢ in
CI§PR 16-1-1.

4.2] On-site measurements on HV overhead power lines
4.2{1 General

Onisite measurements in the vicinity of HV overhead power lines should be carried out in
acdordance with the instructions given in this subclause. Further information about a possible
asgessment and documentation of measured data jis\found in 5.3.5 and 5.4.

4.2(2 Measurements in the frequency range 0,15 MHz to 30 MHz
4.2(2.1 Reference frequency

The reference measurement frequencyiis 0,5 MHz. It is recommended that measurements pre
mape at a frequency of 0,5 MHz + 10 % but other frequencies, for example 1 MHz, may dlso
be used. The frequency of 0,5 MHZ (or 1 MHz) is preferred because, usually, the level of rddio
noise at this part of the spectrum is representative of the higher levels and also becalse
0,5|MHz lies between the lewrand medium frequency broadcast bands.

Be¢ause of the possibility of error due to the presence of standing waves, it is inadvisablg to
rely on the measured)value of the radio noise field strength at a single frequency but to dfaw
a mean curve thraugh the results of a number of readings throughout the noise spectriim.
Mepsurementstshould be made at, or near, the following frequencies: 0,15 MHz, 0,25 l\;l‘r-(z,
0,5|MHz, 1.04MHz, 1,5 MHz, 3,0 MHz, 6,0 MHz, 10,15 MHz and 30 MHz although, cledly,
frequencies-at which interference to the wanted noise is received, should be avoided.

4.212.2 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.

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

CISPR TR 18-2:2017 © IEC 2017 -13 -

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 Section5 of
IEEE Standard 473 (1985) [5].

A fheck shall be made 10 ensure that the supply mains, 1T used, or other conduciors
corlnected 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

To|determine the radio noise performance of a line, certain positions of measurement shquld
be |avoided; but these restrictions would not apply when an investigation into a case| of
intgrference is being carried out.

Mepsurements should be made at mid-span between the towers~and preferably at sevTraI
sudh positions. Measurements should not be made near pointstwhere lines change direcfion
or intersect.

Sités at an abnormal height of span should be avoided:” The measuring site should be flat,
fre¢ from trees and bushes and remote from large metal structures and other overhead poyer
and telephone lines.

Ideplly the measuring site should be at a distance greater than 10 km from a line termination,
in prder to avoid reflection effects and \consequently inaccurate results, but lower voltage
disfribution lines are sometimes too shart to enable this condition to be met. However, the
resplts of measurement (see reference [6]) indicate that the level of the radio noise field
strength in the absence of reflections:corresponds to the geometric mean of the maximum &nd
mirfimum values, in microvolt per metre (uV/m), of the frequency spectrum from a line
sulljected to reflections.

If the line is transposed; the measuring site should be located as far as possible from [the
trapsposition towers.

The atmospherig,_conditions should be approximately uniform along the line. Measurements
under rain conditions will be valid only if the rain extends over at least 10 km of the line[on
either side ©f\the measuring site.

Anrrex B-gives a list of such information.

4.2.2.4 Selection of measurement points lateral to the pathway of the overhead
HV power transmission line

Measurements are performed e.g. for determination of the lateral field strength profile of the
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
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transmission line, it may be sufficient to consider lateral distances y in the range from 0 m to
200 m.

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

d' Q. W P-4 -SR-S £ iffarant lotoral e fil
ISfafee JO o LuUmTTPaT SO U aT e T T ratCTarr proTe ST

In prder to allow for subsequent comparison with other lateral radio noise field_profiles,
normmalised profiles should either be related directly to that lateral reference distance of 1% m
or,|in case that measurements could not be performed at that distance, the results obtained
shquld be normalised to the reference distance by means of the interpolation described in fthe
next paragraph.

NOTE In the case of most conventional overhead HV power transmission lings_already in operation, |the
normalised versions of lateral profiles of the radio noise fields obtained in a difect distance of 20 m from|the
neafest conductor converge through the same indication level as those obtained in the new lateral referdnce
disthnce of 15 m, due to the usual height of the conductors above ground. However, the direct distance of 40 m
usefl so far can prove impractical for prediction of the radio noise for transmission lines utilising higher voltdges
and|for which high towers can be used. In order to also allow for measurements at ground level also in these
conflitions, the CISPR reference distance of 20 m taken directly from the nearest sub-conductor of the line jwas
chapged to a lateral distance of 15 m, see explanation above.

WHhen the profile of the radio noise field is plottedyas a function of the distance using a
logprithmic scale, a substantially straight line is obtained. Under these conditions, the field at
20 m (direct distance) or simultaneously 15 m. (lateral distance) is readily obtained|by
intgrpolation or extrapolation (see Figure 3).

The¢ height of the axis of the lowest phase“bundle of sub-conductors above ground should| be
mepsured at mid-span and recorded.iprthe test report.

Regarding the prediction formula-covered in CISPR TR 18-3, care should be taken when
calgulating the emissions sinceit still refers to the direct distance.

4.2(3 Measurements in the frequency range from 30 MHz to 300 MHz
4.213.1 Reference)frequency

Be¢ause the frequency bands dedicated to television broadcasting vary in the countiies
around the_word, a single reference measurement frequency for interference in televislion
bropdcast.frequency bands cannot be fixed in the same way as done in the a.m. so{ind
brojadcasting frequency ranges. However, it is recommended that measurements are madeg at
a filequency of 75 MHz but other frequencies, for example 150 MHz, may also be used. These
freinpnr‘ipe should bhe selected since the noise Q‘rrnngly affects the video Qignnl of
broadcasting in the lower v.h.f. bands. The frequency of 75 MHz (or 150 MHz) belongs 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 positioned 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, but tilts about 5° to 10° to the
perpendicular direction of the power line.


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

CISPR TR 18-2:2017 © IEC 2017 - 15—

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

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

As there are 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-structures—and-otheroverhead-powerand-telephone-lines
Lig Lig g

Mepsurement results should be expressed in units of microvolts per metre (uV/m)-or the
logprithmic equivalent (dBuV/m).

If the line is transposed, the measuring site should be located as far as jpossible from [the
trapsposition towers.

The atmospheric conditions should be approximately uniform along<the line. Measuremgnts
under rain conditions will be valid only if the rain extends over at least 10 km of the line[on
either side of the measuring site.

Annex B gives a list of such information.

4.2|4 Measurements in the frequency range from’300 MHz to 3 GHz
4.2(4.1 General

In the frequency range from 300 MHz to 3 GHz, a potential noise source disturbing modern
dig|tal radio communication might be the gap-type discharges that are described in Clause 7
of [CISPR TR 18-1:__3; however, in order to facilitate the measurement method in this
frequency range, further investigations*regarding noise characteristics and how gap ndise
disfurbs radio communication are necessary.

4.2(4.2 Measurement antenna, reference frequencies, and setting of measuring
instruments

The antenna used for\the measurements shall be a passive antenna, for example a lpg-
periodic antenna. Unhder the transmission line, strong electric induction effects from [the
power-frequency voltage can provoke a malfunction of an active antenna. The log-periddic
antenna should_be positioned about 3 m above ground. The antenna is to be rotated around a
horizontal axis~and the maximum indication noted.

It s recommended that measurements are made at a frequency of 440 MHz but other
frequencies, for example 1 690 MHz, may also be used. These frequencies should|be

communication services.

The above is a tentative recommendation until adequate information and experience is
obtained by further investigations in the future.

4.3 Statistical evaluation of the radio noise level of a line

When compliance with limits is required, it may be appropriate to use the statistical method
given below. Further information about a possible assessment and documentation of
measured data is found in 5.3.5 and 5.4.

3 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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CISPR TR 16-4-3 describes statistical sampling methods for establishing the compliance of
mass-produced appliances with CISPR limits. The so-called 80 %/80 % rule is based on the
application of statistical techniques that have to give the consumer an 80 % degree of
confidence that 80 % of the appliances of a type being investigated are below the specified
radio noise limit. The method is based on the non-central t-distribution (sampling by variables)
and the spirit of the 80 %/80 % CISPR rule is interpreted for overhead lines, such that the
radio noise level should not exceed the limit for more than 80 % of the time with at least 80 %
confidence.

Definitions of readings and sets of measurements are given below:

1)

2)

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

Each set of measurements consists of averaging the readings takenc\for a gi
meteorological condition, at three different locations approximately evenly distribu
along the line. Not more than one set of measurements should be taken on any partic
day for the given meteorological conditions. The three different locations will help
eliminate the effects of local irregularities (for example standing waves), although,
stated in 4.2.2.3 and 4.2.2.4, measurement positions where unrepresentative readings
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 m
sets of measurements should be taken.

The number of measurement sets for each weather condition (dry, rain, snow, etc.) s
be proportional to the frequency of occurrence of each weather condition for the area.

A reading is the result of a single measurement of the field strength level in dB(uV/m), it a

en

en
ed
lar

to
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Compliance with a specified noise limit is judged from the following relationship taken frjom

CIS

wh

x|

PR TR 16-4-3:

X+kSy<L
bre
is the permissible upper, limit of radio noise;

is the mean value of the' (n) number of sets of radio noise level measurements of the li
namely:

X - X1+ Xouo + Xj +..+ Xy,
n

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

2, b - XF

S, =

n-1

is the constant depending on (n) and is determined in such a way that the above sta
80 %/80 % rule is satisfied.

ted

The k value to be used for (n) number of sets of measurements is shown in the Table 1 below.

Table 1 — Number of n sets of the radio noise level measurements
and corresponding values for factor k

n 15 20 25 30 35
k 1,17 1,12 1,09 1,07 1,06
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This equation, based on a limited number of samples, is similar to that relating to a Gaussian
distribution valid for an infinite number of samples, the samples being represented by sets of
measurements.

In the equation, S, can be compared with the standard deviation relating to an infinite number
of samples and k depends on both the required confidence (80 %/80 %) and on the number of
samples. The lower the number of samples, the higher the value of k becomes for any
percentage specified to meet the limit, with a given confidence.

Studies indicate, that even for a non-Gaussian distribution, the use of the above statistical
mefhod does not introduce a significant error provided that at least 15 but preferably 20 or
mofe sets of measurements are used in the evaluation.

4.4 Additional information to be given in the report

To lensure that extraneous interference is not influencing the radio interferencesmeasuremgent
level, it may be necessary to measure the background noise level (spectrum)with the line de-
engrgized.

WhHhen the results of the measurements are reported, as much relevant information as poss"ble
shquld be given on the line and on the conditions under which thédmeasurements were carilied
out

4.5 Measurements on HV equipment in the laboratory
4.5(1 Overview

This subclause gives the method to be used for:the measurement, in a laboratory or test area,
of fadio noise generated by items of plant and;eomponents used on high-voltage lines and in
subjstations, such as circuit-breakers, bushings, insulators, and associated hardware. This
method is valid for type tests and for routine or sample tests and also for investigational teqts.

It i$ usual practice to carry out laboratory measurements of radio noise in a prescribed {est
cirquit by measuring conducted.(quantities (current or voltage) and not the emitted field
strength.

Fuqthermore, the selection”of test conditions should be based on the following principle:
ideplly, the measurements should be made with the conditions and circuit simulating, as far as
pogsible, actual service conditions and, if necessary, the most severe conditions likely to
ocdur for the typelof apparatus being tested. Before the establishment of a reliable method of
radjo noise testing in a laboratory, reliance was placed on the voltage at which inceptior] or
ext|nction of «isual corona occurred on the test object. The voltages so determined were viery
dependent\on the observer and this method is now being replaced by the laborafory
mepsurement methodology described below.

4.5'2—State-of-the-test-objeet

It is well known that the level of the radio noise produced by high-voltage equipment is very
dependent on the state of the surface of the item equipment. In laboratory tests, the state of a
particular test object should consequently be clearly defined with regard to the following
aspects:

a) new or already used;

b) clean or slightly polluted; the nature of the pollution should be specified;

c) dry, slightly damp, or wet (for example artificial rain conditions);

d) combination of these states, for example polluted and damp.

Generally, standards and normal practice are restricted to laboratory tests on clean and dry
objects, reproducibility of the other test conditions (dampness, pollution) being often difficult
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to achieve. However, tests on objects submitted to (standardized) rain conditions may be very
useful, since these conditions occur frequently in practice and may lead to significantly higher
radio noise levels than dry conditions.

When only one surface condition is taken into consideration, it is desirable that the tests be
performed on adequately polluted and wetted samples, in order to get as close as practicably
possible to approximate actual conditions at normal operating voltage.

When the object is to be tested in a clean and dry state, it may be wiped with a dry cloth to
remove dust and fibres that might affect the surface.

Unless otherwise stated, test conditions described in this clause are valid for used, wet. and/or
polfuted 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 whichyis“large enough to
preivent the walls and the floor from having any significant effect on the” distribution of fthe
elegtric field at the surface of the test objects. Circuits entering thel.sereened test area,|for
exdmple supply cabling for power and lighting, should ideally be\filtered so as to aJoid
introduction of external interference (see 4.5.11).

If @ screened room is available, the tests may be carfied out at any place where fhe
bagkground noise level is sufficiently low compared with the levels to be measured ($ee
4.5111).

4.5(4 Atmospheric conditions
The normal reference atmosphere for tests described herein is:

— |temperature: 20 °C;
— |pressure: 1,013 x 105 N/m2 (1 013/mbar);
— [relative humidity: 65 %.

Hoyever these tests may alsd_be performed under the following atmospheric conditions:

— |temperature: between 15 °C and 35 °C;
— |pressure: between 0,870 x 10° N/m2 and 1,070 x 10° N/m2 (870 mbar and 1070 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 according to the fest
objective.

Whendests are made on a dry object, it shall be in thermal equilibrium with the test a

As far as the radio noise levels generated by a test object are concerned, the effects of
changes in atmospheric conditions with respect to the normal reference conditions (even
while staying within the limits stated above) are little known. Thus no correction shall be
applied to the measured results but the air temperature, air pressure and relative humidity
obtaining during the tests shall be recorded.

4.5.5 Test circuit — Basic diagram

Figure 4 shows the principle of the test circuit. The radio-frequency currents generated by the
test object flow through that part of the circuit shown by heavy lines which include impedance
Z and resistance R|. The radio-frequency rejection filter F virtually prevents these currents
from flowing in the high-voltage connections to the transformer and, conversely, any
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interference currents from other sources present in this high-voltage connection are
attenuated by the filter before entering the high frequency part of the circuit. Ideally the
impedance of Z should be zero at the measurement frequency and infinite at the power
supply frequency. Also, if R represents the resistive load of the test object in service, for
example the characteristic impedance of a high voltage line, the radio noise voltage which the
test object would inject onto a line conductor or substation connection may be measured
across R|.

CISPR 16-1-2 [2] specifies a value of 300 Q for R_and in a practical test circuit (see Figure 5),
R, is the equivalent resistance of R, in series with the parallel combination of R, and the

H 4 Hy £ il H o
|anl. reofotalnivc Ur e 1T asutrintty TCULTIVeT, l\m.

The¢ test consists of taking measurements of the pulse-type voltages appearing <aeros
fragtion of R when a given power-frequency voltage is applied to the object under‘test. Th
mepsurements are/shall be expressed in uV (or in dB(unV)).

OO
(2
D Q

4.56 Practical arrangement of the test circuit

Figure 5 shows the standard test circuit which should be used for thedaboratory measuremfent
of [the radio noise voltages generated by medium and/or high‘voltage equipment. The
corlnections to the measuring receiver are shown in a simplified form in Figure 5 and,
depending on the distance between the measuring receiver and the test circuit, fthe
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 numbgr of
idenjtical small objects, such as cap and pin insulator units for overhead lines, the special test circuit of Figufe 8
can|be used. The decoupling capacitor C_ can be omitted when\the number of test objects exceeds five.

The impedance Zg in the basic circuit of Figure:4* can consist of i) a series circuit L,C, of ii)
simply a capacitor C3, as shown in Figure 5.

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

i) [As stated in item d) af 4.5.7, a value of 1 000 pF for C; should be satisfactory, which
makes an inductor in-series with C3 unnecessary and this part of the test circuit aperiogic.
By making the rejection filter F also aperiodic by using, for example, an inductor damped
by parallel resistors, measurements at frequencies other than the reference frequency ¢an
be carried out relatively simply. If, however, the laboratory or test area is near to indusfrial
premises where high levels of radio noise can be produced, a very high filter impedancg is
usually required (see item c) of 4.5.7).

4.5(7 Test circuit components

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

a) High-voltage connections

The radio noise level produced by the high-voltage connections and terminations of the
test circuit shall be insignificant compared with the values to be measured from the test
object at the test voltage.

b) High-voltage transformer T,

This transformer shall provide a voltage waveform consistent with the specifications of
IEC 60060-2.

c) Rejection filter

Filter F shall have an impedance of not less than 20 kQ, corresponding to an attenuation
of at least 35 dB, in either direction at the measurement frequency.
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To be fully effective, the filter should be located as near as possible to the high frequency
part of the test circuit. When the filter consists of a tuned circuit (L4C4), it should be tuned
to the measurement frequency by using, for example, a signal generator connected across
the secondary terminals of transformer T,. Tuning is achieved by varying C, to give a
minimum reading on the measuring receiver. The filter impedance may be assessed by
measuring its insertion loss by taking the difference in the measuring receiver readings
with the filter short-circuited and then with the short-circuit removed.

At the reference measurement frequency of 0,5 MHz + 10 %, the value of L, should be
about 200 pH, whereas C, should be variable up to a maximum of 600 pF.

Measuring impedance

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

A coupling capacitor C5 (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 fest
object and its high voltage connection. In practice, a value of 1 000pF should|be
satisfactory for Cj.

Capacitor C5 shall be capable of withstanding the maximum test voltage and have a |ow
partial discharge level at that voltage.

8 Measuring receiver connections

The more usual method of connecting the measuring receiverto the test circuit, i.e. where fthe

len
the

arrangement is shown in Figure 7.

a)

b)

d)

pth of cable is less than about 20 m and coaxial cable ‘is Used, is shown in Figure 6. Wheere
length of cable is greater than 20 m, balanced‘screened cable is used, and this

Matching resistor R4

To reduce the possibility of errors due “o reflections within the connections to [the
measuring receiver, the co-axial cablein the case of Figure 6, shall be terminated in| its
characteristic impedance at each Yend. 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 R, 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 sefies
resistor R, which shall be of the high stability, non-inductive type. In the case of a
measuring feceiver where R, is 50 Q, the value of R, should be 275 Q.

NOTE 1, \In) some countries other resistance values are assigned to R : for example the National Electfical
Manufacturers' Association (NEMA), of the USA, in its Publication 107 (1964) [7], specifies the value of 140 Q
for,R,_.)Usually a simple conversion can be applied to the results obtained from tests to other specificatipns.
This jis because a radio noise source in a test object almost invariably produces a constant current, provided

B i within thgo range 100-0Q 5 600-Q gnd-the unlfcgn meastted-across DL is eimply prnpr\r{inncl to-its—valy

|

Inductor Ly

This inductor provides a low-impedance path to divert the power frequency currents which
flow in C, or C; away from the measuring receiver and its associated components. At the
reference measurement frequency of 0,5 MHz, L, shall have a value of at least 1 mH, with
a low self-capacitance, to avoid errors exceeding 1 % or 0,1 dB. For safety reasons, Lj
should be robust and have sturdy and secure electric connections.

Spark gap

To reduce the possibility of high voltages appearing on the connections to the measuring
receiver, the provision of a protective spark gap across L5 is recommended. This spark
gap should preferably be of the gas-filled type with a maximum breakdown voltage of
500 V on a power frequency sine wave (see note below).
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e)

NOTE 2 In the event of a relatively high power frequency voltage appearing across the spark gap, due for
example to a failure of the inductor L3 or its connections, there could be an increase in the test circuit
background noise level, because of corona discharges at the electrodes of the spark gap.

Balanced cable and balun transformers (T, and Tj3)

Where the test object is large and/or where very high voltages are involved, the measuring
receiver may have to be located at some distance from the base of (C,,L,) or C3, where
R, and R, are located. Under such conditions, the length of co-axial cable shown in
Figure 6 may exceed 20 m. To reduce the possibility of the measurements being affected
by interference picked up on this cable, it is recommended that the arrangement shown in
Figure 7 be used.

f)

4.5

The balun or coupling transformers T, and T3 should be located close to R4/R, and-tg the
measuring receiver, respectively, and the connection between the transformers should| be
made by means of a balanced screened cable. Short lengths of co-axial cablg, should| be
used to connect T, to R4/R, and T4 to the measuring receiver, and all these cables shquld
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 bgen
obtained with a CISPR instrument is usually possible, b0t this can lead to sgme
inaccuracy. This conversion should be carried out as detaifed in 4.1.

9 Mounting and arrangement of test object

The object under test shall be mounted and arranged«in accordance with the requirementg of

the
see
pOS
cor

standard applicable to the particular apparatus)cencerned (for example, IEC 60437:1997,
[3]). When no such standard is available,.the test object shall be arranged, as far|as
sible, in the same manner and with the same circuit configuration as is typical of serjice
ditions.

The object under test shall be provided with all its normal hardware which may affect fthe

dis
ang
exa
cor

ribution of the electric field at thevsurface of the test object, for example as arcing horns
stress-control hardware. Where the test object can be in more than one condition, |for
mple a circuit-breaker which can be open or closed, it shall be tested in each of thgse
ditions.

The high-voltage connections to the object under test shall be short and shall not contribute to

the
ele

measured values-\of radio noise from the test object nor influence the distribution of fthe
Ctric field at its(surface.

The couplingsimpedance, L,C, (or Cs3) shall be located near to the test object without

sig

4.5

nificantly-disturbing the distribution of the electric field at the surface of the test object.

10 Measurement frequency

The reference measurement frequency is 0,5 MHz. It is recommended that measurements are
made at a frequency of 0,5 MHz + 10 % but other frequencies, for example 1 MHz, may be
used.

4.5

.11 Checking of the test circuit

The test circuit shall be arranged so as to permit an accurate measurement of the radio noise
level generated by the object under test. Any interference from outside the test circuit,
including the supply, or from other parts of the circuit, shall be at a low level and, preferably,
at least 10 dB below the level specified for the test object.


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

- 22 - CISPR TR 18-2:2017 © IEC 2017

With the specified test voltage applied to the circuit, the level of background noise shall be at
least 6 dB below the lowest level to be measured. These conditions may be checked by
substituting a similar but noise-free test object for the object under test.

Background noise levels may be relatively high when the tests are made in an unscreened
area, especially when there are industrial premises nearby. When these high levels are of
short duration, this condition may be acceptable provided that the quiet periods are of
sufficient duration for a reliable measurement to be made and that, during the measurements,
the character of the interfering peaks can be clearly distinguished from that of the noise being
generated by the test object, possibly by means of an oscilloscope or a loudspeaker.

Intg¢rference may also result from broadcast stations; this may be overcome by selecting a
mepsurement frequency from within the specific range but which is clear of interference.
Additionally, the use of a resonant circuit L,C4, correctly tuned as the rejection filter F, ¢an
often be most effective in reducing such background interference.

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
shdll be calibrated to obtain the value of the correction factor that shall be applied to fthe
mepsuring receiver readings. This factor is the sum of the {gircuit attenuation and [the
resjstance network factor, both expressed in dB. Such calibration is required where the {est
asdembly is being used for the first time, or has been re-arranged, or where the test object
haye been changed to one of a significantly different capacitance. The power supply to fthe
high-voltage transformer should be disconnected during calibration.

a) |Circuit attenuation A

Before starting the calibration, the rejectionxfilter F, if applicable, shall be tuned to [the
particular measurement frequency as described in item c) of 4.5.7. A signal generator with
an output impedance of at least 20 kQ.'shall then be connected in parallel with the {est
object, the test circuit being complete, as shown in Figure 5 together with the cirguit
shown in either Figure 6 or Figure Z\(Such a generator is easily arranged by connecting a
20 kQ resistor in series with the output of a standard signal generator.) The generator shall
be set to deliver a sine wave autput of 1V at the measurement frequency; this will result in
a current of about 50 pA being injected into the test circuit. This current will ensure that
the level of the reading abtained with a CISPR measuring receiver will be well in exces$ of
the typical background(noise level. The level of this reading shall be noted.

With the settings ofithe generator unchanged, the test object shall be disconnected frlom
the high-voltage(part of the test circuit and connected as shown in Figure 9. The leve] of
this new reading shall be noted. The difference between the two readings is the cirguit
attenuation A:

NOTE 1 (To“avoid removing R, and R, from the test circuit during the calibration procedure, other High-
stability,~non-inductive resistors of the same value can be used.

NOTE™2 In Figure 9, the test object can be replaced by an equivalent capacitance, if this is known.

b) Resistance network factor

Levels of radio noise voltage generated by the types of apparatus being considered in this
subclause are usually expressed in dB(uV) across 300 Q.

Then, if Ry = R,,, the network factor will be as follows:

R =20 Ig%, expressed in dB.
1

The radio noise level of the object being tested is then given by

V=V,+A+R indB(uV)across 300 Q


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

CISPR TR 18-2:2017 © IEC 2017 - 23 -

where V,, is the voltage, indB(pV), indicated by the measuring receiver and
corresponding to its input voltage.

NOTE 3 A less complicated alternative method of overall calibration of the test circuit can be carried out in a
single operation if a calibrated sine-wave current generator is used. This method involves an accurate
measurement of both the output voltage V,, of the signal generator and the value of a 20kQ resistor R, in
series with the generator output. Thus, when the signal generator (along with the 20kQ series resistor) is
connected in parallel with the test object, the reading V, (in pV) appears on the measuring receiver; this
reading corresponds to the current i, injected into the circuit as follows:

i1:;—0 |n|,lA
L

Under these circumstances, the radio noise level of the apparatus being tested is directly given by:
V=V, =20lg 300\’/—1 in dB(uV) across 300 Q
1

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

The sine-wave signal generator may be replaced by a pulse generator with a consfant
freIuency 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

Radlio noise generated by high-voltage equipment d€pends mainly on the distribution of fthe
elegtric fields at the surface of the equipment. Idéally, the goal is to reproduce these field
distributions during tests in the laboratory.

vallie of the test voltage. A hysteresis effect often occurs, with the result that noise may or
maly not be present at a given test voltage, as it depends on whether this voltage was reached
by |[decreasing or increasing values. Rre-conditioning of the test object, by subjecting it tp 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 radio noise level generated by a test @pject is not entirely determined by a particg{lar

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

The test voltage shall’be a sine wave at power-supply frequency and be consistent with
IEQ 60060-2. It shall-be applied either:

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

b) |between phase and earth (for example a complete insulator string), in which case the fest
valtage is related to the system's phase voltage.

The test voltage of the object to be tested is usually specified in the standard applicable to the
type of object. In the absence of such a specification, the test voltage shall be 1,1 times the

nominal voltage of the system or the rated voltage of the equipment (U/\/g for apparatus

tested with respect to earth). In some cases, the test voltage is agreed between manufacturer
and purchaser at a value between 1,1 and 1,4 times the nominal voltage of the system or the
rated voltage of the equipment.

A voltage 10 % higher than the specified test voltage should be applied to the object under
test and maintained for at least 5 min. The voltage should then be decreased in steps to 30 %
of the specified test voltage, raised in steps to the initial value, maintained there for 1 min and,
finally, decreased in steps to the 30 % value. Each voltage step should be approximately 10 %
of the specified test voltage. At each step, a radio noise measurement should be made and
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the results obtained during the last decreasing run should be plotted against the applied
voltage, the curve so obtained being the radio noise characteristic of the test object.

When significant variations occur in the radio noise level measurements taken from a number
of items of equipment of the same type, then measurements should be done on several
samples. The typical radio noise characteristic of the equipment will be the average curve
obtained from the series of sample measurements. When the number of sample
measurements is deemed sufficient, the range and deviation of the levels measured should be
evaluated. When compliance with limits is required, it may be appropriate to use the statistical
method given in CISPR TR 16-4-3.

4.5|14 Related observations during the test

It may be advantageous to carry out additional observations and measurements at the same
time as the radio noise measurements, in order to locate any noise sources on the test object
and assist in establishing the cause of possible defects. A visual observation(if;necessary| by
mepns of binoculars in a darkened laboratory, will enable even extremely,small pointy of
corpna discharge to be located. Such observations may be confifmed by means| of
phgtographs with long exposure times, or by means of an image intensifier. If it is impossible
to darken the laboratory sufficiently, the points of discharge may beAdo¢tated to some exten{ by
an |ultraviolet detector, by ear or, preferably, by an ultrasonic detector which is much mpre
dirgctional.

4.515 Data to be given in test report

In gaddition to the specification of the apparatus under<test, the test report should also give fthe
follpwing data:

a) [state of the test object:

1) new or already used,

2) clean or polluted (nature and degree of pollution),

3) dry, damp or wet;

b) |atmospheric conditions:

1) temperature,

2) barometric pressuré,

3) relative humidityy

4) presence or.absence of rail (standardized artificial rain);

c) [test circuit, including any difference from the standard CISPR circuit;
d) |background-noise level;

e) |test voliage with detailed procedure of its application;

f) |[méasured radio noise levels, expressed in dB(uV) across 300 Q (these can be given in fthe
radio noise characteristic):

g) comparison between the measured levels and any specified limits.

5 Methods for derivation of limits for HV power systems

5.1 Overview

The CISPR has for many years considered the question of limits of radio noise from overhead
power lines and high-voltage equipment in order to safeguard audio and video (i.e. analogue-
modulated television) radio broadcast reception. The degree of annoyance caused by noise in
the broadcast radio frequency bands is determined by the signal-to-noise ratio (SNR) at the
receiving installation. For similar subjective annoyance, the SNR depends on the nature of the
noise source. Based on a required SNR, many factors affect the acceptable level of noise, such
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as the minimum radio signal level to be protected, minimum distance between power line and
receiving location, effects of weather, etc. Further difficulties exist in specifying the conditions
for verifying compliance with limits. For example, views are divided on whether measurements
should be carried out in fair weather, foul weather, or both. Practically every major factor is
subject to statistical variation. It is recognized that international discussions cannot fully resolve
these problems. Some countries have, however, laid down mandatory standards on limits of
interference from power lines.

There is a general agreement by countries participating in CISPR that guidance should be

agreed that the method of deriving limits should be illustrated by examples based |on
reasonable minimum radio signal levels, adequate receiver installations and on pragtical and
ecgnomical power line designs. The method should enable assessment of the effects of poywer
linds on radio 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
recommended limits cannot assure 100 % protection to 100 % of the radio users. This fadt 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 TR 16-4-3 [48]
spdcify a statistical basis for analysing test data to determine compliance with a CISPR limit
formass-produced appliances.

In fhe case of noise from power lines and high-voltage equipment, this criterion is not diregtly
applicable. It is however possible to relate it t0-the statistical distribution of noise due to the
varjation of atmospheric conditions. For power lines, high-voltage substations as well as|for
high-voltage equipment, the CISPR limito.recommended in the present document may|be
intgrpreted as the noise level not exceeded for 80 % of the time. However, as is discusged
in 4.3, this application of the CISPR’ 80 %/80 % rule would involve a larger number| of
mepsurements than is specified in-CISPR Recommendation 46/1.

It shall also be realized that.ar’ 80 % level for conductor corona noise for DC lines will always
be |a fair-weather level of_all climates, whereas for AC lines, the 80 % level in moderate
climates will usually be a foul-weather level, and for dry climates, it will usually be a fpir-
weather level.

Figure 12, which.-shows typical annual all-weather radio noise at 0,5 MHz cumulative
amplitude distributions for an AC line and a bipolar DC line in moderate climates, illustr
thid difference between corona noise from AC and DC lines.

Oth
nOi" Saa 3 oHt+G—a O—o€ o O e oo HAS A O RS O g€—6 -
(HVDC) lines. Foul-weather noise is normally lower (8.5 of CISPR TR 18-1:__4); therefore, the
fair-weather noise level (50 %) is higher than the foul-weather noise level, but the difference
is moderate. The fair-weather noise level should always be the basis for establishing limits for
HVDC lines.

efcriteria, such as average fair-weather noise levels or possibly maximum fair-weat

Regulatory authorities should keep these facts in mind when deciding on adoption of the 80 %
level.

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.3 Technical considerations for derivation of limits for lines
5.3.1 Basic approach

The basic requirement is to maintain an adequate SNR at the receiving installation for
satisfactory reception of audio and analogue-modulated television broadcast signals. When
establishing regulations, it will be the responsibility of the regulatory authority to determine
the minimum radio signal strengths to be protected and the SNR that will give satisfactory
reception. This document presents information on acceptable SNR and gives some
information on minimum radio signal levels to be protected. It also shows how the protected
signal level and the required SNR can be combined with the noise level at the direct or lateral
refgrence distance D, or y,, respectively, of the power line to develop a "protected distange".
This protected distance D, represents the minimum distance from the line required to.profect
thel minimum radio broadcast signal for a certain percentage of the time. For example; if the
80 o level is chosen as the basis for the radio noise, then this protected distance \will be the
mirfimum distance from the line at which the minimum protected signal can be received 80 %
of the time with an acceptable SNR. If the average fair weather noise level'is the basis|for
estpblishing limits, then this protected distance will be the minimum distance/from the ling at
which the minimum protected signal level can be received for 50 % of the time during fair
wegther with an acceptable SNR.

It should be appreciated that at most locations, the radio signaliMevel will be higher than fthe
mirfimum one and that advantage can sometimes be takencof. the directional propertieq of
cerfain types of receiving antenna to improve the SNR. On the-6ther hand, there will be cagses
where the distance between the power line, or the high-voltage equipment, and the receiing
location will be less than the protected distance. On a statistical basis these factors will often
tend to balance each other in such a way as to previde adequate reception even in cases
falllng within the protected distance. For those sg)placed who suffer interference, mitigafion
techniques may be employed such as use of remote antennas or connection to cable systgms.

5.312 General

5.3{12.1 Power systems

The radio noise limit discussedin this clause to protect audio and analogue-modul
telgvision broadcasting 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 ndise
level of a component is discussed in 4.5, and the relation of this level to that it would prodlice
in & direct distance of 20 m from the nearest phase conductor (in case of HVAC systems) or
pogitive conductor (inscase of HVDC systems) of the overhead power line is discussed in
of CISPR TR 18-1,..5.

The noise limitsvare 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-
estpblished. data are presently available for HVAC substations or HVDC converter statigns.
For simplicity, however, the same laws may be used as for lines, the reference distance bding
taken‘as 20 m from the perimeter fence of the substation or converter station. It should|be
noted that only persistent noise from HVAC substations or HVDC converter stafions is
considered. Transient noise, such as that due to interruption of a power circuit or due to turn-
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 from HVAC lines and
substations operating at voltages from 1 kV to 800 kV, and for HVDC lines and converter
stations operating at voltages from 1 kV to + 750 kV.

5 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.3

2.2 Frequency range

The frequency range is from 0,15 MHz to 300 MHz, also covering the a.m. radio sound
broadcast frequency bands between 0,15 MHz and 1,7 MHz and the v.h.f. television and f.m.
radio sound broadcast frequency bands between 47 MHz and 230 MHz. The intent is to
provide protection to "reasonable" wanted signal levels of these and other radio services.
Since power lines normally do not produce significant interference to radio reception above
300 MHz when the power system is in normal operation and since there is only limited
information on noise levels at these frequencies, the bands above 300 MHz are not included

att

his time.

The definition of "reasonable" wanted radio signal levels will vary with the type of service de
part of the world. The International Telecommunication Union (ITU) considers three regiong
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d 3). Regions 1 and 3 are further divided into three zones (A, B and C) based on.clim
ditions. Figure 10 shows these regions and zones. Within each region and zohe; there

hcent channel protection ratios, etc.
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cific transmitter power levels, minimum protected signal levels, required co-channel and

articular, the low and medium radio frequency broadcast bands 0,15 MHz to 0,28 MHz

North American Regional Broadcasting Agreement (NARBA). It should be noted here
he of the differences result from differences in broadcasting philosophies. In Europe,

ntry; in North America, on the other hand, there is’a multitude of individual stations, o
h highly-directional antenna arrays aiming a signal at a particular city or region of
ntry. Transmitter power is usually limited to_ 50 kW and protected received signal leV
generally lower than those specified in Europe.

[E  The upper and lower limits of the various“frequency bands, used for broadcasting and given here,
oximate values. Exact values vary from one region to another and are subject to periodic revisions
rence [21] for more details).

3 Minimum broadcast signal levels to be protected

d strengths necessary to/overcome natural noise (atmospheric noise, cosmic noise, et

mple, it is usual to have a few omnidirectional transmitters of high power to cover an envkire

nd

MHz to 1,7 MHz are regulated by the ITU. However, existing practices regarding minimum
nal levels to be protected and also regarding protection ratias) often differ from the lafest
pmmendations of the ITU. In North America the 0,5 MHz to{1,7 MHz band is regulated| by
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the low frequency and medium frequency bands, the ITU [22] has recommended minimum

C.).
el

Fornl broadcast planning purposes, the ITU has also recommended nominal usable f
strgngths for information purposes only. Annex C gives recommended values for both fthe
mirfimum and the nominal usable field strengths.

Since naturalmnoise levels vary with time and geographical location, signal levels below th¢se
valles can_/sometimes be received satisfactorily and at other times unsatisfactorily,
irrespegctive of power line or other man-made noise.

FOI “IU V.il.f. ;Jallulb, t;lc illtUllIdt;Ulldi RdUIiU CUIIDUitdtiVG CUIIIIIIittﬂU (CC;R) IUbUIIIIIIUIIUIed

minimum signal levels for region 1 are as shown in Table 2 below.

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 (pV/m
FM radio band Il 87 MHz to 108 MHz 48 dB (nV/m) (for mono)

)
)
54 dB (uV/m) (for stereo)
Television band Ill 174 MHz to 230 MHz 55 dB (nV/m)
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In North America, signal levels at the edge of the service area of a broadcasting station are
specified by NARBA and other standards [23 to 25]. These levels are given in Annex D.

It is generally accepted that when criteria for the protection of TV in bands | and Il have been
fixed, f.m. monaural sound radio broadcasting is automatically protected too. The protection
requirements for f.m. stereo sound radio broadcasting are under consideration. Similarly, the
intermediate bands, such as short wave, are automatically protected to the extent as is the
medium wave radio broadcast band. However, in certain cases, there may be
telecommunication services requiring different protection. These should be taken into account
by national authorities when limits are being considered.

It sIhouId be borne in mind that all of these minimum signal levels are related to protecfion
agginst interference from other radio signals or from natural radio noise. Interferencg& flom
power line noise has not been considered so far.

With the widely differing values adopted for usable signal levels for different’ zones of fthe
world, daytime and night time, the term "reasonable radio signal level" has.t6 be establisihed
with regard to the factors relevant to the different levels. It is inevitablenthat if low levels pre
adgpted, radio noise from power lines should be viewed in comparisoh. with other sourceg of
intgrference and the protected distance between the power lineé~and receiver should|be
incfeased and/or the acceptable SNR should be reduced.

5.3[4 Required signal-to-noise ratio
5.314.1 AM audio broadcasting in the range below'30 MHz

No|exact recommendations as to acceptable SNRfave yet been devised for noise from poyer
linds. For planning purposes, the ITU recommends ‘a wanted-to-interfering signal ratio of 30 dB.
NARBA levels are based on a ratio of 26 dB.

Forl similar ratios, power line noise may, represent somewhat less objectionable interferefce
thah does any co-channel interference:

Forl AC lines, the technical literature contains results of a number of investigations of fthe
required SNR for satisfactorylreception in the presence of power line noise. These pre
surhmarized in Annex E. Thé required ratios for various qualities of reception from "entifely
sat|sfactory" to "speech ‘uwnintelligible" are provided. National regulatory authorities may
spgcify the quality of reception they wish to protect. It should be borne in mind that the SNR
depends largely ongsthe receiver bandwidth. The ratios given in Annex E are based on fthe
sighal being measured on an average or RMS reading meter and the noise being measufed
on [a CISPR meéasuring receiver with a quasi-peak (QP) detector. For a.m. reception, fthe
CISPR measuring receiver has a 9 kHz bandwidth. When measured with the CISPR
mepsuring (receiver, the reading obtained from a.m. radio signals will be about 3 dB higher
thah the<reading obtained from the respective un-modulated constant wave (CW) carfier
sighal,,’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 AC 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 DC power-line
noise. However, the number of investigations is much less for DC lines than for AC lines, and
the DC SNR tests are not as consistent with each other as are the AC SNR tests. Some of the
investigations have shown that in the case of DC lines the measured SNRs could be as much
as 9 dB lower than for AC lines to give the same subjective impression, whereas other
investigations have seen little difference between AC and DC lines. Until these discrepancies
can be resolved by further research, it is recommended that AC SNR data be used by national
regulatory authorities in developing limits for DC lines.
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5.3.4.2 Television broadcasting in the range above 30 MHz

The required SNRs for television reception are less definite than those for audio radio
reception. For the European television standard, 40dB appears to be generally acceptable
(the radio frequency bandwidth of the CISPR measuring receiver being 120 kHz). However,
tests carried out in the United Kingdom with a positive modulated black and white picture
showed that this value could be reduced by up to about 5dB. For the North American
televisions standards, several limited tests have suggested 40dB for black and white
television [17]. Tests on colour television are currently being carried out. Further
consideration of all these issues may be necessary.

corlsiderably. This may have a large influence on the degree of interference produeed-op a

ThJa repetition rates of noise pulses due to corona and to gap-type discharges may:. diFer
en

telgvision picture. Although there is not much data available, this should be considered w
estpblishing acceptable SNRs for reception of television radio broadcast services!

5.3[5 Use of data on radio noise compiled during measurements in the field
5.3/5.1 Attenuation laws

The rate of lateral attenuation of radio noise, for direct distances.D between about 20 m and
100 m from the nearest conductor of a line, varies in differen{frequency ranges and dlso
depends on the configuration of the line. The following appfeximate values should provide
sat|sfactory results:

— 10,15 MHz to 0,4 MHz, noise level decreases as D—1:8
— 0,4 MHz to 1,7 MHz, noise level decreases as D<13%5;
— |30 MHz to 100 MHz, noise level decreases as.D~1:2;

— [100 MHz to 300 MHz, noise level decreasesas D~1.0,
Prgsumably, the factor 1,65 is somewhat valid between 1,7 MHz and 30 MHz. The informafion
for|the 30 MHz to 300 MHz band is based on only few measurements, but it should be noted

that the mechanism and also the attenuation characteristics are dependent on the typqg of
noige source, for example conductor corona or gap-type discharges at hardware defects.

The reference noise levels-Ep-measured 2 m above ground level and belonging either to [the
latgral reference distance y4 of 15 m or also to the direct reference distance Dy of 20 m may,
therefore, be correctedtto the protected distance, using the following correction equations:

D
0,15 MHz to 0,4 MHz E, = Eg — 36lg—~
P70 20
Dy
0,4 MHz to 1,7 MHz E, = Ey —331lg—
p =0 20
where
Ep is the radio noise level at protected distance, in dB(uV/m);

E, is the reference radio noise level measured at 2m height above ground, either
in the direct reference distance Dy of 20 m or in the lateral reference distance y, of 15m,
in dB(uV/m);

D, is the protected distance (m).

p

NOTE Numerous measurements in the medium frequency band have demonstrated that, on average, the noise
level decreases as D~'85 close to the line (see 4.3 of CISPR TR 18-1:__6). For greater distances, however, some

6  Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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measurements have shown that it decreases as D~'. For any distance greater than about 100 m, a more accurate
value for the noise level Ep can be given by:

D,
0,4 MHz to 1,7 MHz: E, =E,-23-201g—- D_>100m
P 100 P

There is a degree of uncertainty as to the lateral distance beyond which this equation applies. In most cases,

however, at distances beyond 100 m, the noise level will be so low that broadcast reception will not be affected.

5.3

5.2 Normalization of measurement data to the reference distance D, or y,

Whenever possible, measurements should be made 2 m above ground level at a distance of

20
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5.3
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I (direct distance) or 15 m (lateral distance) from the reference point. When this is
sible, the above equations may be used to convert measured values taken at of
ances to the reference distance of 20 m and 15 m, respectively. Measurements-shg
b be taken at distances other than 20 m and 15 m, respectively, for verificatioh\ purpos
bll cases, measured profiles of lateral attenuation are greatly preferable (to ‘the use
rection equations (see 5.3.5.1).

6 Use of data obtained by prediction of the radio noise from high-voltage
overhead power lines

6.1 General
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bsurement procedures by which this predicted levél’may be verified. The choice of met
depend on the length of time available for the’ measurements and on the degree
uracy required.

6.2 AC power lines

an AC power line, the approximatesradio noise level due to conductor corona may

vith the help of the catalogue (see Annex B of CISPR TR 18-1:__8). The equation is

EE'3,5 gpay + 12 r— 30 in dB(uV/m)

ere

is the radio noise field strength at the direct distance D, of 20 m from nearest condug
of the proposed line in dB(uV/m);

is the numerical value of the maximum voltage gradient at the conductor surface
kV/cms;

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

At

bls is important as no corrections of line design or construction can economically be mIde

dicted by use of an empirical equation, such as is presented in 5.3 of CISPR TR 18-3:]

ive
od
of

be

tor

given frequencies different from 0,5 MHz, especially if a signal at a specified broadg

ast

frequency is to be protected, the calculated radio noise Tevel should be corrected according to

the

following equation (see also 4.3.2 and Figure B.14 of CISPR TR 18-1:__ 9):

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 0,5 MHz and fis the numerical value of the given frequency, expressed
in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHz.

7 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
8 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
9 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.3.6.3 DC power lines

For a DC power line, the approximate radio noise field strength due to conductor corona may
be predicted by use of the following empirical equation (see 8.6 of CISPR TR 18-1:__10) in
fair-weather and at 0,5 MHz.

E=38+1,6 (gyay—24) +461gr+51gn+33Ig % in dB(uV/m)

where

E is the field strength of the radio noise in dB(puV/m);

9Imax IS the numerical value of the maximum surface gradient of the line, in kV/cm;
r is the numerical value of the radius of conductor or subconductor, in cm;

n is the number of subconductors;

is the numerical value of the direct distance between antenna and nearest conductor,
in m.

At given frequencies different from 0,5 MHz, especially if a signal{at a specified broadqast
frequency is to be protected, the calculated radio noise level should be corrected according to
the|following equation (see also 4.3.2 and Figure B.14 of CISPRUTR 18-1:__11):

AE (dB) = 5 [1 — 2 (log 10 )2}, “ih dB

where AE is the deviation (in dB) of the radio noise“level at the given frequency from fthe
reference frequency of 0,5 MHz and f is the <pumerical value of the given frequer]cy,
exgressed in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHz. This
corfection is basically derived from AC lines ‘and is also applicable to DC lines, until further
expgerience is gained.

It $hould be noted that the prediction equation for the radio noise level given abgve
repfesents the 50 % fair-weather value. In order to achieve the 80 % all-weather value,
angther 3 dB to 4 dB should be added to the equation.

5.4/ Methods of determining compliance of measured data with limits
5.4/1 Long-term recording

Thik 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 poywer
ling under inyestigation 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
alohg thé&tline. The results are plotted on a probability graph of the type shown in Figure 3 of
CISPRMER 18-1:__12. At the percentage of time that has been selected for specifying fthe
noige, the level is read from the graph.

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

10 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
11 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
12 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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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).

The sampling method is fully described in 4.3 for the case where the chosen criterion is the
80 % level.

5.4.3 Survey methods

If time or any other reason does not allow either of the above methods to be used, the
altgrmative of Tmaking measurements i fair weather or heavy Taim (imcase of ACTmes)ang in
fail weather (in case of DC lines) may be considered. This can be adequate when condugtor
corpna is the main noise source and when the radio noise distribution curves for the Qarticylar
type of line for the all-year-round weather conditions are available. These curves could,|for
instance, have been obtained from previous accurate measurements on the acgtual or on [the
same type of line under similar climatic conditions. Preferably three distribution curves shquld
be [available; (1) under fair weather conditions, (2) under heavy rain and (3)‘under all-ygar-
rouhd weather conditions. Statistical distributions are discussed in 4.3.4 | of
CISPR TR 18-1:__ 13,

It dhould be noted that the methods outlines in the following paragraphs may not apply to
lings below 72,5 kV in cases where conductor corona is not the‘major source of radio noise|.

Forl AC lines, the 80 % all-weather value is in general 5 dB to 15 dB higher than the 50 % fhir-
wegther value, depending on the climate.

Fornl DC lines, the 80 % all-weather value is in general about 3 dB higher than the 50 % fpir-
wegther value.

Fair-weather measurements have to be.made at various locations along the line and| at
different times. From the results, the .50 % fair-weather level is deduced and used a$ a
refegrence in the set of curves mentioned above. From the curves the all-weather 80 % vdlue
can then be assessed. The success of this method is dependent on the reliability of fthe
distribution curves.

Since the radio noise levél~due to conductor corona is relatively stable and reproducible
during heavy rain, these-‘measurements are not required to be taken at separate times. Foul-
wegther measurements,at AC lines should also be made at various locations along the line.
Fonl AC lines, the.50 % steady, heavy, rain level is deduced from the results of [the
mepsurements and/used as a reference in the set of distribution curves to assess the 80 %
all-weather leveli*Here also the success of the method is dependent on the reliability of fthe
distribution -cdrves, although it is considered that the assessment of the 80 % all-weather
vale from.the heavy-rain measurements is more reliable than the assessment from the fpir-
weather measurements. In general, the 80 % all-weather level is about 5 dB to 12 dB lower
thaP 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 along 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.

13 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.5 Examples for derivation of limits in the frequency range below 30 MHz
5.5.1 Radio reception

5.5.1.1 General

Examples of the calculation of limits are given below based on the assumptions discussed in

the preceding subclauses. Limits could also be calculated for different assumptions in resp

ect

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 could
calculated.

It should be borne in mind that the lateral attenuation laws quoted are average values., T
depend on factors relating to both line design and local conditions. They may chaqge V
distance and should not be used for distances materially beyond those assumed in
suljclause.

Funthermore, it should be remembered that radio-noise is generally measured so far 3
frequency of 0,5 MHz. If a signal at a specified broadcast frequency is™o be protected,

be

ey
ith
his

t a
the

mepsured values should be corrected for the given frequency,according to 4.3.2 and

Figure B.14 of CISPR TR 18-1:__14. For example, at 1 MHz, the-noise level would be ab
5 dB to 6 dB lower.

5.5[1.2 Principle

There are four parameters involved in the specificatioh of radio noise limits (see Figures
and 11b):

— |the minimum wanted radio signal level to be protected,;
— [the minimum acceptable signal-to-noise ratio (SNR);

out

— [the reference noise level, represented by E,;, at 2m height above ground, dufing

prescribed weather conditions;

— |the "protected distance"”, that is;\the minimum distance from the line at which the signal

can be satisfactorily receivedx

If gny three of these parameéters are specified, the fourth can be determined. Two examp
willl demonstrate this.

5.5/1.3 Example™
If the value of_the noise level at the direct or the lateral reference distance, the protec

for|satisfactory radio reception in the low and medium frequency bands may be calculq
frofn the-€quation given in Annex F:

sighal level and the required SNR are all known, the protected distance from the power ltine

les

ted

ed

b, :10LE°KEP+1,3J

where
E, s the reference radio noise level measured at 2 m 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);
Ep = Sp - Rp is the acceptable noise level at Dp, in dB(uV/m);
Rp is the required signal-to-noise ratio (SNR), in dB;

14 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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is the protected wanted radio signal level, in dB(uV/m).

Ep depends on Ej and Dp according to the attenuation equation given above:

E, = Eo - kg (D,/20) in dB(uV/m)

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

Int

he m.f. band, this equation 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(nV/m) at 1 MHz may be received with a SNR of 35 dB is required. Theyline ndise
mepsured by the standard CISPR method is found to be 50 dB(uV/m). The' following
calgulation is made:
Prgtected wanted radio signal level at 1 MHz Sp = 72,dB(pnV/m)
Required signal-to-noise ratio (SNR) Rp =35-dB
Acg¢eptable noise level at protected distance from line Np = Sp - R‘p

N, = 37 dB(pV/m)
Mepsured noise level at the lateral or direct reference 50 dB(uV/m)
distance, at 0,5 MHz
Noise level at 1 MHz Eq=50-6 =44 dB(uV/m
(The 6 dB correction comes from Figure B.14 of
CISPR TR 18-1:__15)
Prgtected distance (44+35_72 13j

7_’_ R

D, =10t %
Therefore, the protected distance is Dp = 32m from the nearest conductor of the line.
5.5|1.4 Example 2
In this second example a.broadcast signal at 1 MHz, 65 dB(nV/m), is to be protected with a
SNR of 30 dB at distances greater than 100 m from the power line. The acceptable referepce
noise level Ey is calculated as follows:
Prgtected wanted radio signal level at 1 MHz 65 dB(uV/m)
Acg¢eptable noise level at protected distance from line 65 — 30 = 35 dB(uV/m)
Attenuation from 20m to 100 m 100

33lg—— =23 dB

20

Acceptable reference noise level, at 1 MHz 35 + 23 = 58 dB(nV/m)
Therefore, acceptable reference noise level at CISPR
reference frequency (0,5 MHz) 58 + 6 = 64 dB(uV/m)
(The 6 dB correction comes from Figure B.14 of

CISPR TR 18-1;__16.)

15 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
16 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.5.2 Television reception, 47 MHz to 230 MHz

This is under consideration. Insufficient information is presently available to permit
presentation of meaningful examples.

5.5.3 Digital terrestrial television reception, 470 MHz to 950 MHz

This is also under consideration. Insufficient information is presently available to permit
presentation of meaningful examples.

5.6—Additionatremarks

Mokt field tests to date 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 aécordance with 4.5,
thely also represent statistical values not exceeded for 80 % of the time. For conductor corpna
noipe, it should be noted that these values are significantly higher than average fair-weather
levels. This factor should be taken into account when these valies are compared With
stapdards for typical fair-weather conditions laid down in various gountries.

As|in the case of other sources of possible interferencé. for which CISPR limits eXist,
exgdmples of limits presented here are based on the ¢requirements for the protection| of
bropdcast radio reception for the large majority of radioCusers under conditions prevailing at
the| majority of sites during most of the time. Such values cannot cater for the few exceptignal
cades where a number of unfavourable factors coineide. The examples of limits do of coufse
alsp provide sufficient protection to radio reception in general. It has however not b¢en
chgcked whether this information is valid for each'and any radio service or application.

Prdctice has shown that acceptable noise\levels as presented in this clause can be met With
well-maintained power lines of adequate*design and construction. Indeed, considerably loyer
noise levels are found on many operational lines where requirements other than radio ndise
leaf to designs with larger conduetor sizes (for example high current-carrying capacity). ll: is
corlsidered that the methods  of deriving limits indicated in this clause represent g¢od
engineering practice and couldsserve as the basis for establishing such limits.

5.7| Technical considerations for derivation of limits for line equipment and
HVAC substations

5.711 General

The¢ principle for establishing limits of radio noise voltage for line insulators and hardware and
sufjstationptant and hardware in the I.f. and m.f. bands shall be that their contribution to fthe
aggregate noise level of a transmission line is negligible. This is applicable to AC lines whese
corjductors are subjected to surface gradients of about 12 kV/cm to 24 kV/cm or higher. This
prirciptepressupposes coordinmatiom betweenm noise produced by imsutators—and—trardware on
the one hand and noise produced by line conductor corona on the other hand. For other AC
lines, with a lower surface gradient, the noise voltage for line equipment shall be at least as
low as the noise voltage for equipment used on lines with a surface gradient of about
12 kV/cm. This principle is applicable to DC lines but no figures of gradient are quoted as the
relationship between conductor corona noise and noise produced by insulators and hardware
is not well established (see Clause 8 (especially, 8.2, 8.4, 8.5, 8.6, 8.7) of
CISPR TR 18-1:__17) the corona noise being higher in dry weather and lower in wet weather.
Subclause 4.5 of this document describes the CISPR method of radio noise measurement in
the laboratory. Subclause 6.2 of CISPR TR 18-1:__ 18 gives the correlation between the radio

17 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
18 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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noise voltage measured in uV, in the CISPR test circuit, due to any 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:__ 19 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 currgnts
injgcted into an overhead line serving the substation. At present, insufficient data" gre
avdilable 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
corlductor corona applies also in this case.

5.712 Current injected by line components and hardware

To |evaluate the relative influence of insulators and conductors, it is sufficient to compare fthe
curfent generated by a complete insulator set with the aggregated current /| generated by a
spgdn of one phase conductor of a line. If the current generated/by the insulator set is Igss
thap /, its contribution to the aggregate noise field of the ling-will be small; if it is equal tq /,
the|increase in level due to the insulators will be approximately 3 dB; if it is greater than(/,
thelnoise field of the line will be determined mainly by theceffect of the insulators.

If the limit of the current of the insulator set is specified as /| /3, that is 10 dB below the Igvel
of ¢urrent /, the increase in the field strength level of the aggregate noise field will be about
0,5/dB. This increase is too small to be measured-in practice.

In pddition to insulator sets, other components and hardware such as spacers, vibrafion
dampers and aircraft warning devices have to be considered. If for any one of these typeg of
component or hardware there are N.items per span, the radio noise level per item should |nhot

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

The¢ aggregate radio noise-crrent per span from all these components and hardware shold,
acdording to experience, be’/determined by quadratic summation of the individually measufed
curfents.

5.7(3 Current injected by substation equipment

The equipment-is considered as a generator of radio noise current, as indicated in 6.1 of
CI§PR TR48-1:__20. The problem consists in studying the propagation of the injected current
alohg thelline, that is, the attenuation and distortion of the guided electromagnetic field
asqociated with this current. To do this, modal analysis is employed.

A substation normally has more than one associated line, each with one or more circuits. For
determination of the current injected into one of the circuits, it is necessary to know not only
the impedance of all circuits but also the impedance of the substation equipment, consisting
of busbars, measuring devices, transformers, capacitors, cables, etc., as seen from the
apparatus acting as a current source. The current in the circuit under consideration can then
be calculated.

19 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
20 under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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For the worst case, the impedance of the substation equipment could be assumed to be
infinite. Then, for N pieces of apparatus, each producing the same value of noise current /,
and for n outgoing circuits, the current injected into a circuit is

N

(RS
n

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

terminal tower will be approximately 3 dB but after 1 km or 2 km the additional noisg)curr

and

5.7

a)

consequently the increase in the field strength, will be insignificant.

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

Line components and hardware

The rigorous procedure is as follows: starting from the graph of the*excitation function

per unit length of a phase conductor is calculated. To pass frof this elemental current

and
the matrix of the line capacitances (see 5.2 of CISPR TR 18-1._21), the current / injedted

to

the aggregate current, generated by a span of length L, the-law of quadratic summation is

applied:

IL= 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 orde

insulator noise current level used in the, comparison should be the maximum obtai
under the normal range of weather conditions for the area over which the proposed
will run.

ensure a negligible increase in the aggregatelevel of the noise field strength. The vaIU} of
i

For practical purposes, a simple_retationship can be derived from the Equation (6) give
6.2.2.2 of CISPR TR 18-1:__.22, The current level / from a single insulator set should
exceed the value given by:

I=E—27-K, indB(uA)

where
/ is in dB(yA);

to

ed
ne

min
not

E is the permissible radio noise field strength level during reference weather conditigns,

in dB(1V/m), at a direct distance of 20 m from the nearest conductor or the line;

K, _is~the difference in dB between the conductor corona noise levels in the referepce

weather conditions versus the corona noise level in weather conditions in which
maximum insulator noise is generated.

the

b)

The equation includes the above-mentioned margin of 10 dB.
Substation plant and hardware

The total current level | injected into a line by a substation should not exceed the value

given by:

I=E-12-K, indB(uA)

21 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
22 yUnder preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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where
I is in dB(pA);

E is the permissible radio noise field strength level during reference weather conditions,
in dB(uV/m), at a direct distance of 20m from the nearest conductor of the line,
derived from the relevant example in 5.5;

K, is the difference in dB between the conductor corona noise level in the reference
weather conditions and that in weather conditions in which the maximum substation
noise level is generated.

d a depth of penetration inio-th-e

ground Pg of 7 m. N.o_provi i

This—eguation—is—deri
corlductor height h of 15 m an
hag been made for a margin.

At the junction between a line and substation busbars there will usually be @n“impedance
migmatch. This may create standing waves of radio noise on the first few kilometres of [the
ling resulting in a variation of up to + 6 dB close to the substation. This, is" not taken into
acdount 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:__24, there is at present no agreed procedure
for fsimulating in the laboratory the more common service condition§ but the matter is under considerafion.
Megnwhile, it is proposed that measurements are made on equipmeéent™in a situation closely related to serpice
conflitions.

carlnot be specified in this publication as these.items are the responsibility of other bodies.
Hoywever, the effect of these individual items,when in their service environment, should b
acqordance with the limits discussed above.

Linmits for individual items of plant, for example switch disconnectors, circuit breakers, T:.,

6 | Methods for derivation of limifs for the radio noise produced
by insulator sets

6.1 General considerations

This document gives general procedures for setting up limits of the radio noise produced| by
ovdrhead lines and substations. In 5.7, technical considerations are given, with referencq to
low and medium frequency broadcast bands, for the coordination of the radio noise produg¢ed
by the insulator sets with that produced by the conductors.

The generakprinciple for this coordination is to design the insulator sets in such a way that

surface condition of the insulators. In this respect, a difference of 10 dB between the rgdio
noipe\current produced by one span of one phase conductor and that of one insulgtor
as i i f - itiorm, f i eipte; ise
current injected into the outgoing lines by the insulator assemblies of a substation should not
increase the intrinsic noise of these lines. To limit any increase to a maximum value of 3 dB,
the radio noise current produced by each insulator assembly within the substation should not

exceed the value Iy = | n/\/ﬁ where [ is the line conductor noise current at the substation
side, n the number of outgoing lines and N the number of insulator sets in the substation.

The above principle is economically justified when the noise level produced by the conductors
is close to the maximum admissible level (e.g. for gradients of the effective voltage greater

23 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
24 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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than 12kV/cm to 14 kV/cm). For lower conductor noise, this principle could be uneconomic
and it could be acceptable that the radio noise produced by the insulator sets prevails in
respect to the noise produced by the conductors. In this case, the limit for the radio noise
current of each insulator assembly is directly obtained from the maximum admissible overall
level of the line.

At present, according to this document and IEC 60437, verification of the radio noise level of
the insulator is only carried out in the standard and reproducible condition of the insulators
being clean and dry.

Since The nfluence of ambient weather conditions IS nol the same for conductors, and
insyilators, radio noise limits for insulators established considering only the clean and: {dry
corldition may not guarantee acceptable values for other conditions.

This clause intends to give, on the basis of the results of systematic radio.(noise testq in
different countries on various types of insulators, guidance to take into account the effecy of
the| insulator surface conditions in the selection of the radio noise limits of insulator sets. The
lim|ts and test procedures suggested are applicable to the cases of insulators to be installed
in greas where they will remain clean or slightly polluted. For insulatofs.in polluted conditigns,
with high humidity and formation of sparks across dry bands, only, some indications abjout
pogsible remedies are indicated.

6.2 Insulator types

The criteria given in this document are mainly applicable to cap-and-pin type insulators,|for
which more complete information on the influence,of\surface conditions on the radio ndise
performance of insulators is available. Only limited data can be found for long-rod insulafors
in fhe literature. However, it can be assumed that for this type of insulator, the radio ndise
problem is generally of little concern in clean” and slightly polluted conditions; for hegavy
poljution, the conclusions that will be drawn for cap-and-pin insulators can be generglly
applied to long rod insulators.

In [addition, regarding cap-and-pin\insulators: for practical reasons, the majority of [the
avdilable data refers to single (insulator units. However, regarding dry conditions, [the
difference between the radio naisé voltage levels of polluted and clean insulators obtained|on
single units is also directly applicable to insulator sets, since the voltage distribution along fthe
string is determined by the_string capacitances and is therefore not affected by dry pollution.
In Wwet conditions, both«or-clean and polluted insulators, the differences of radio noise voltage
levels in comparisop-with the dry conditions are generally lower for the strings than for fthe
insyilator units considering the better voltage distribution in wet conditions: conclusions on fthe
abgve differences.for insulator units are therefore on the safe side when applied to fhe
inspilator sets~

6.3 Influence of insulator surface conditions

6.3|1 General

The dependence of the radio noise behaviour of insulators on their surface conditions is made
with reference to the following classification:

— clean insulators: it is an ideal condition in which the insulators remain completely clean,
close to the situation of the present laboratory test according to this document and
IEC 60437;

— slightly polluted insulators: no important dry-bands are present in wet conditions; it is the
most common situation in relatively clean areas after a certain period of service;

— polluted insulators: dry bands are present in wet conditions; it is the situation in service in
polluted areas of various pollution severities.

The analysis of the data confirms that it is very difficult to give general conclusions on the
effects of surface conditions, due to the great dispersion of the results, especially when the
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insulators are slightly polluted, and due to the different behaviour of the different types of
insulators.

Even with these limitations, it is possible to propose some qualitative trends and average
quantitative estimations.

The following general considerations apply both to glass and to porcelain cap and pin
insulators.

6.3.2 Clean insulators

Thl radio noise level of insulators decreases with the increase of the relative air humidity|for
all fypes of insulators. Figure 13 gives an example of typical trends for individual cap<and{pin
inspilator units; for insulator strings, the influence is more pronounced, considering [the
favpurable effect of the humidity, which linearizes the voltage distribution along“the string| In
any case, the reduction of the radio noise level with an increase of the humidity is mych
higher for the insulators than for the conductors, for which this reduction is_negligible.

In fhe presence of condensation without water drops, due to light fog.er dew, the radio ndise
beljaviour of a clean insulator is similar to that of the same insulator at very high humidity (ji.e.
90 [ to 95 %).

surface (due to rain, thick fog or dew, snow, ice). HoweVer, this increase is generally loywer

TheL radio noise level of insulators increases in the presernice*of water drops on the insulgtor
tha

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

Ungler slightly polluted conditions, the majority of insulator types show radio noise behavipur
as p function of the relative humidity;.Similar to that of the same insulators in clean conditigns.
However, some types of insulators. with particular characteristics, such as for high mechanijcal
strength or specially designed for-very low radio noise emission in clean and dry conditigns,
maly present a different behavjour. In particular, in the case of insulators designed for With
verly low radio noise levelsemissions in clean conditions, a large increase of the radio nqise
level at relative humidity over 50 % to 60 % was found for some of them, as shown in
Figure 13.

In the presence of‘eondensation without water drops on the insulators, due to light fog or dew,
the|radio noisebehaviour of a slightly polluted insulator is similar to that of the same insulgtor
at yery high-humidity (i.e. 90 % to 95 %).

In the presence of water drops (due to rain, thick fog or dew, snow, ice) the radio ndise
behaviour of a slightly polluted insulator does not appreciably differ from that of a cl¢an
insulator.

As in the case of clean insulators, the radio noise frequency spectrum of slightly polluted
insulators is similar to that of the conductor.

6.3.4 Polluted insulators

For relative air humidity lower than 60 % to 75 %, the radio noise behaviour of polluted
insulators is similar to that of clean and slightly polluted insulators.

For higher humidity or in case of condensation (light fog or dew), the pre-discharge
phenomenon across dry bands produces very high noise levels; these levels are not related to
those found in clean or slightly polluted conditions. They can only be controlled by drastically
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reducing the voltage stress (i.e. by unrealistically increasing the insulator string length or of
the leakage path with respect of that imposed by insulation requirements). Other special
remedies for limiting the leakage current pulses are the use of special insulators (composite
insulators, semiconducting-glazed insulators) or greasing or washing of the insulator surfaces.

In the presence of water drops on the insulators (rain, thick fog and dew), the critical situation
is at the beginning, when the insulator is still heavily polluted: here the predominant
phenomenon is pre-discharge across the dry bands. After a certain time, depending on the
intensity of the rain, fog, or dew and on the shape of the insulator, the radio noise behaviour
tends to that of slightly polluted and clean insulators in presence of water drops.

Thelz frequency spectrum of wet polluted insulators with pre-discharges across the dry bands
extends to higher frequencies (up to few tens of megahertz) than in the other cases® thus
mefdium frequency and television reception can be disturbed.

6.4 Criteria for setting up radio noise limits for insulators
6.4/1 General

On|the basis of the considerations of the previous clauses, the criteria*for setting up limits @and
testing the insulators shall be established with reference to thecdifferent areas in which [the
inspilators are to be installed. These areas are:

Type A areas: areas where the insulators remain clean: they are generally characterized| by
the absence of contaminating phenomena and frequent natural insulator
washing due to rain or high and frequént dew condensation;

Type B areas: areas where the insulators become slightly polluted: they are genergally
characterized by low-intensity <eontaminating phenomena and by cIeaang
agents such as rain or heavyrdew condensation that limit the contaminjant
accumulation on the insulator surface so that the formation of paitial
discharges across dry bands appears very seldom;

Type C areas: areas in which the insufators become polluted so that the formation of patrtial
discharges across diy-bands is frequent.

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
codrdination criteria and the margin M of 10 dB indicated in 5.7 guarantees an acceptgble
radjio noise performange' of the insulator sets in any atmospheric conditions. Considering fthe
grejat influence of the relative humidity, the test should be performed in a limited rangq of
hurpidity (e.g. 50 %-to 70 %).

6.4/3 Criterion for insulators to be installed in type B areas

For these areas, the present test on clean and dry insulators, associated with the coordinafion
criteriasand margins indicated in 5.7, is not in all cases sufficient to guarantee an accept4ble
radio noise performance oOf the Insulator sets in _any atmospheric conditions: In fact, as
reported in 6.3.4, in the case of very high humidity or condensation, a large increase of the
radio noise level may be found for a few particular types of indicators.

To take account of this fact, it is recommended to maintain the test on clean and dry
insulators which has been defined (see this document and IEC 60437), easy to perform and
well reproducible, but to adopt a wider safety margin that in the case of insulators to be
installed in type A areas.

This procedure could be too conservative for many insulators. For this reason, the choice of
the most appropriate additional safety margin should be made on a statistical basis taking into
account the reciprocal radio noise behaviour of conductor and insulator in the various surface
and ambient conditions along with the frequency of occurrence of each condition for the line
under consideration. As guidance, considering the most common types of insulators and with
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reference to an average moderate climate, an additional safety margin M of 8 dB (18 dB in
total) should be adequate for high-voltage lines and substations.

The possibility of introducing an alternative procedure, consisting of a test on slightly polluted
insulators at high humidity (75 % to 90 %) was also considered. It is not recommended
because it requires a new test procedure to be set up, which is difficult and expensive. It is, in
fact, difficult to obtain in the laboratory a reproducible pollution layer duplicating the natural
light pollution taking into account the fact that the radio noise level depends on the
distribution of the pollution deposit; in addition, it would be necessary to perform the test in a
climatic room, in order to maintain the relative humidity in the required range. Some attempts
haye—beenr—made—to—perform—the—test—en—insulaters—artfieiaty—petuted—with—sturry—which
majntains its humidification during the test: for light pollutant layers, this procedure| s,
however, quite complex and requires very sophisticated methods of pollution application. For
thege reasons, tests on slightly polluted insulators can only be considered for reseach
purfposes.

6.4/4 Criterion for insulators to be installed in type C areas

For these areas, the present radio noise test on clean and dry insulators does not give any
ind|cations of the radio noise behaviour of the insulators in wet and ‘polluted conditions. For
thege conditions, a specific test on artificial heavily polluted insulators should be considered.
It is, however, difficult to control the radio noise level of wet polluted insulators, wHich
depends on the design of the insulators, the type of deposit'ahd the non-uniform distribufion
of the pollution deposit on the insulator surface and along, the)string.

In 6.3.4, possible remedies have been indicated, which may involve drastic reduction of fthe
voltiage stress, use of special insulators, greasing er\washing.

6.5 Recommendations

In the light of present experience, it is_possible to give the following recommendatipns
(Table 3) for test methods and radio naise limits to be applied to insulator sets to be installed
in the different areas defined in 6.4.

It i$ worth remembering that the recommended procedure consists in tests on clean and |dry
insuilator sets, both for insulators to be used in areas where they will remain clean (typp A
areEs and for those to bejused in areas where they will become slightly polluted (typg B
are The only difference is that lower limits of the radio noise voltage are required |for
ins Jlators to be installed’in type B areas.

For the evaluatign-of these limits, the margin M indicated in 6.4 between the total electric fleld
strength level)E; produced by the conductors and the total field strength level E; produced by
the| insulatérisets 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 Idvel
E; produced by all the insulator sets and the radio noise current level /i produced by a single
insplator set is given by the following simplified equation (Equatlon (6)) of 6.2.2.2] of
CISPR TR 18-1:__ 25):

E =1l +A+(D-101g (s/500)) + C in dB(uV/m)

where

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);

25 uUnder preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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(D -101g (s/500)) takes into account the aggregation of the noise source along the line

E.

span lengths s in metres, at a length of 500 m (average values of D
between 10 dB and 12 dB);

for
lie

is the field factor that gives the correlation between the levels of the
noise field strength and the noise current (at a direct distance of 20m

from the line and for an average line configuration, C lies between 7
and 12 dB);

is given in dB(pV/m), and /g in dB(pA).

dB

As an example, considering the average values given above for the parameters of the

equ

Sin

ation, and a span length of 500 m,

Ig=E =17 in dB(uA).

ce it is used to express the radio noise current level /g, produced by a singledinsulator

in terms of the radio noise voltage level V in dB(uV) produced across a resistance of 300

the

ang

resulting voltage level Vis
V=1I,+201g(300)=E +33=E,-M+33 indB{nV)

this relationship originates from the radio noise voltage limits indicated in the follow

Table 3.

Tgble 3 — Recommendations for the radio noise voltage limits and for the test metho

for insulator sets installed. in‘different areas

set

ing

s

Ty

be of area where the insulator Radio noise voltage limits Test methods

will be installed (Clause 4) QP detectoraccording to

CISPR 16-1-1
(in dB(nV) across 300 Q)

A E.+23 According to this document an

IEC 60437
E ,+15 (on clean and dry insulators)

Indications for limits and test procedures applicable to insulators tg
installed in type C areas cannot be given at present. Possible remedie
the case of non-acceptable radio noise levels, are: the reduction of
voltage stress by means of longer insulator strings, or leakage paths;
use of composite insulators; the greasing or periodic washing of
insulator sets.

be

the
the
the

E 3

(9
outq

50 % fair-weather radio noise voltage level produced by the conductor at the direct distance of 20 m from
r phase of theline in dB(pV/m)

the

NOT
adm

For

[E 1 TheMimits reported are applicable to lines characterized by conductor noise level close to the maxin
issible level (voltage gradients higher than 12 kV/cm to 14 kV/cm).

num

lines” of special design (having particularly low conductor noise), the direct application of the limits indic

hted

cou

d lead to uneconomical requirements for the insulators; to avoid this, the equation could be utilized also

per

these lines provided that if E_ is intended not as the conductor noise of the line under consideration, but the one
produced by the conductors of a line of the same category (voltage level, tower geometry, region, etc.) with normal
conductor design.

NOTE 2 The values apply to line insulators; similar approaches can be applied to substation insulators in respect
to the noise in the substation itself and the noise conducted into the outgoing lines.
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7 Methods for derivation of limits for the radio noise due to HVDC converter
stations and similar installations

71 General considerations

There are principally two different sources of radio noise generation in HVDC converter
stations and similar high-voltage installations, such as static var compensators (SVCs),
incorporating thyristors, IGBTs or other switched valve devices in their operation. The
converter type utilizing thyristors is termed ‘line commutated converter (LCC), the type
utilizing IGBTs is termed ‘voltage sourced converter’ (VSC). IGBTs (insulated-gate bipolar
tramst i ; ; i ; ; -

conjvenience, the term IGBT is used throughout this document to refer to the
serniconductor switching device. First, corona discharges on conductors, insulators;
handware cause noise, similar to that in AC systems. This corona noise can be easily hel

is independent of weather but is influenced by the characteristics of the Gehverter equipm
and by the valve operating conditions.

Without any suppression measures, the radio noise level from{he converter or the confrol
valyes could be intolerable and it is, therefore, necessary to reduce this level to an acceptable
valtie with appropriate methods like those indicated in 7.3.3 and’'7.4.2.

An |evaluation of the radio noise radiated directly by a converter valve can be performed| by
mepns of the analytical calculation methods proposed in the literature [34], [35], [36], [$7].
Reference [34] also gives methods of calculating thevhigh-frequency oscillations in the stafion
usiphg simplified equivalent circuits.

ThI disturbance levels shown in Figures 45 to 22 are not to be considered as typ|cal
refgrence values. They are simply given as examples of the influence of the differfent
parameters considered (distance from/the station, technology of the valves, etc.) on the leyels
of disturbance.

7.2 Sources of interference

7.2|1 Mechanism of radio noise generation

An|HVDC converter station with LCC is generally made up of several converter groups. Efch
ong of these groups“normally comprises six valves (thyristor valves and also mercury farc
val
se\
cor
am

An
may have different technological approaches. There may appear new circuit topologies which
are not described here. There are two types of VSC valve at this time when this document is
written:

— VSC valves of the “switch” type: These valves consist of many series-connected IGBTs all
of which act simultaneously and function as a switch which has only two states, ON and
OFF.

— VSC valves of the “controllable voltage source” type: In valves of this type, the DC
capacitors form integral part of the valves. The valve consists of many series-connected
cells which act individually, which results in a “controllable voltage source”.

The HVDC converter station with VSC valves of the “switch” type typically consists of an
interface transformer on the AC side along with six valves, smoothing reactors and DC
capacitors on the DC side.
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The HVDC converter station with VSC valves of the “controllable voltage source” type
typically consists of an interface transformer on the AC side, six valves and phase reactors,
DC reactors on the DC side.

An SVC installation usually consists of a set of thyristor controlled reactors (TCRs) and
thyristor switched capacitors (TSCs). The physical arrangement of the thyristor valves 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 those for the TSCs are
switched at a fixed point-on-wave (zero crossing).

Dufing the normal operaiion of LCC schemes, each valve Is turned on and oOif once per
altgrnating voltage cycle. The valve firing thus occurs 6 times per cycle of the "power
frequency for a 6-pulse converter or SVC installation, and 12 times for a 12-pulse converter.
The attenuation of the high-frequency currents generated by valve firing is so rapid that each
pulse can, from a radio noise standpoint, be considered fully damped before additional pulfes
frofn other valves are injected in the system. For this reason and due to the spread in fthe
firing angles (even that valves in different groups have the same transformer connections),
the|total radio interference level generated is not significantly different from that generated| by
a s|ngle valve.

The switching times during both turn-on and turn-off are very smalk-typically on the order ¢f a
few microseconds. Thyristor valves, when fired, may have a-vOltage collapse time of ug to
25 us, compared with 1 us for mercury arc valves. The reason for this is the use of vglve
reactors within the thyristor valve and the fact that the ‘thyristor valve is composed of a
number of thyristors connected in series. As a copsequence, the generated noise ig in
principle lower for thyristor than for mercury arc-valves. Figure 14 shows the frequepcy
spdctra, recorded in the laboratory, of two transientvyphenomena of the same amplitude with
risg times of 1 us and 25 us (average valudes for mercury arc and thyristor valves,
respectively).

Dufing the normal operation of VSC schemes, each valve is turned on and off under the
frequency of several kHz for valves, of the “switch” type and some hundred Hz for valveq of
the|“controllable voltage source” type.

The typical switching times of\ \GBT are around 0,1 ps at turn-on and 0,5 us at turn-off and
thely are faster than that of-thyristors. This fast switching time and higher switching frequency
mal increase the noise level of the VSC HVDC converter station compared to the LCC HV[DC
corjverter station. Whenncomparing the VSC valves of the “switch” type and VSC valves of the
“controllable voltage source” type, the latter emits less noise because the switching frequepcy
is much lower and the number of IGBTs which act simultaneously is smaller [44].

turn-on, however, the energy to be redistributed is stored essentially in the various stray and
lumped capacitances. This produces a rather complex system of oscillations whose spectrum
depends not only on the amplitude and shape of the voltage collapse across the valve, but
also on the layout of the connections and equipment connected. The noise spectrum extends
in frequency 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 thus able to act as efficient radiators.
The converter station will be, of course, connected to incoming and outgoing AC and DC
circuits and these may consist of overhead lines. The radio noise will be guided and emitted
from such overhead lines.


https://iecnorm.com/api/?name=fa0c8abd75e6af7b24feceab570bb409

— 46 - CISPR TR 18-2:2017 © IEC 2017

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.

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

othpr-hand he Nno e—in enced-b he-number of ope a¥a his

hag also been confirmed by measurements in operating converter stations.

¢ switchyard layout and the height and length of the busbars also have also‘a great
influence on the generated disturbance. A compact design of the switchyard-will therefpre
haye favourable effects on the radio noise generation. A practical solution consists of moying
the|converter transformers into the valve hall and using the transformer bushings as valve hall
bughings. This solution lowers the radio interference significantly becausg) the radiating Ipop
between valves and transformers is small as it is entirely located inside }he
elegtromagnetically screened valve hall. Additional reduction of thé“radio interference frjom
corjnecting lines could be achieved if for example the converter transformers would|be
equipped with grounded electrostatic screens between the two windings.

Oil{cooled thyristor valves will require a metallic tank. In this case, the valve circuits will|be
effectively screened electromagnetically, and the, radio interference problem will [be
sighificantly reduced.

7.3 Radiated fields from valve halls

7.3|1 Frequency spectra

Examples of frequency spectra due todirect radiation from a converter station are given in
Figures 15 and 16 for converter stations equipped with mercury arc and thyristor valVes,
respectively. No qualitative differences can be discerned between the radio noise spegtra
generated by mercury arc and thyristor valves converters.

7.312 Lateral attenuation

The interference from«the valve hall is dominated by direct radiation from the converter valyes
and their connections to other equipment. The physical size of the radiating loops is small
compared to the wavelength of the noise in the range of frequencies of interest (0,15 MHz to
30 MHz). Therefore, the converters can, from a radiation standpoint, be treated as vertjcal
elegtrical djpales (with a pure capacitive radiation impedance). As a first approximation, fthe
anglytical \equations derived from antenna theory can be used to predict the latgral
attgenuation from the valve hall.

The attenuation of the noise level Is approximately proporiional to the inverse of the square of
the distance for frequencies up to 1 MHz and becomes proportional to the inverse of the
distance for higher frequencies (>10 MHz).

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

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.
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Metallic screens in the form of either solid plates or wire mesh, having a high conductivity and
preferably also high permeability, are typically 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
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 AC and DC sections of the outdoor switchyard
provide a conductive coupling resulting in a radiation from the busbars and the various
elementsis . S . TR - cLo T T

acllieve the requirements on the radiated field strength from the converter station. In‘such a
cade also the radiated field strength from the switchyard shall be reduced. To do this at Igast
twd ways are possible. The first is to reduce the noise level coming through the ‘valve hall
bughings by installing filters. Another is to screen the entire switchyard electromagnetically. If
noise reduction within a narrow bandwidth is required, the first method is fiormally adopted.
To|make the filters more effective, they may be enclosed with the valveDhall bushings in|an
eleptromagnetically screened building adjacent to the valve hall.

7.4] Conducted interference along the transmission lines
7.4{1 Description of the mechanism and typical longitudinal profiles

Radlio interference currents are transmitted from the converter valves both to the DC and to
thel AC lines connected to the converter station. In, the case of the AC lines, the high-
frequency currents are conducted through the<{capacitive couplings of the convefter
traisformer windings. A grounded shield betweén windings could be used to reduce this
tramsfer.

The radio interference spectra due to cufrents injected by converter valves have a shape
sinfilar to those generated by corona. . An example of a noise spectrum measured near|an
HVPC line at a short distance from a _Genverter station is shown in Figure 18 and in Figurg 19
for[an AC line. Figure 20 gives the~noise spectrum measured in the vicinity of the electrode
lind, at a distance of 1,5 km from-the same converter station operated with thyristor valyes
and mercury valves.

The radio interference caused by the valve noise currents on the outgoing lines has bg¢en
fouhd to be dominated\by the zero sequence component of the currents. The attenuation of
thig component is_vepy high compared to that of line-to-line modes and therefore the rgdio
noise level at a'given distance from the line decreases rapidly with distance from [the
converter station,* At greater distances, the line-to-line mode components will dominate. a
corlsequencey the radio interference due to the valves is overridden by corona noisg| at
disfances\'exceeding 5km to 10 km from the converter station. For AC lines, [the
corfesponding distance is somewhat longer. As a guide, an attenuation rate for fthe
lonpitudinal profile of the radio noise equal to about 4 dB/km can be assumed [13], [14], [49].

Frequency spectra measured along a DC transmission line at different distances from the
converter station are given in Figures 21 and 22. It has to be remembered that in the
measurements performed in the vicinity of the first spans, the contribution of the direct
radiation from the converter station cannot be disregarded.

For the evaluation of the lateral attenuation of the radio noise from the line, see 8.6 of
CISPR TR 18-1:__ 26,

26 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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7.4.2 Reduction of the interference conducted along the transmission lines

The electromagnetic disturbances due to valve firing, conducted and radiated from the DC
and AC 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 capaC|tances and inductances of the bus connectlons and

corfesponds to a quarter of the wavelength of the frequency to be protected. Itysho Id,
however, be noted that such filters allow for the protection of only a limited “band| of
frequencies.

7.5 General criteria for stating limits
7.5|1 Overview

In the case of HVDC converting stations, as for the radio interference from transformer
stations, the assessment of general criteria for determining limits. shall take into account fthe
twd propagation ways of the noise:

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

— |propagation of the noise along the DC and AC line§ starting from the converting station

NOTE In limited areas close both to the converter station and to outgoing lines (these areas are within 1 krp or
2 km at the most from the border of the converting station)ythere is a superposition of these two noise propagdtion
medhanisms. The net effect of this superposition is difficult to predict. If it is deemed necessary to cover [this
aspect, an additional margin could be added to the limjt for the radiated field.

7.512 Direct radiation

The radiated field strength at a reference distance from the border of the converting stafion
shquld be limited according to_the-criteria indicated in Clause 5 of this document, which takes
intg account an acceptable .signal to noise ratio (SNR) and the statistical distribution of the
noige level. To this purpose, it should be reminded that the radio noise produced by convefter
stations is not correlated, as corona noise, to the weather conditions. The reference 80 %
vallie can be derived«from a statistical distribution where the variability is determined by fthe
different possible conditions of operation of the converter station (functioning as inverteq or
rectifier, firing and.extinction angles, level of the direct voltage, etc.).

In practiceinvthe very frequent case of an HVDC converting station operating for more than
80 [b of thetime at conditions close to the nominal conditions, the 80 % radio noise level will
coipcide with that of nominal operating conditions.

7.5.3 Propagation along the lines

The basic criterion is that the contribution of the radio noise current due to the operation of
the converting station in each line, DC and AC, connected to the station, shall not
substantially increase the intrinsic noise level of the line beyond a given distance from the
station. This distance should be determined considering the type of area crossed by the line
(rural areas, residential area, etc.). To keep this increase within 3 dB at the above-mentioned
distance, the noise current level arriving in that point from the converting station should be
around 10 dB lower than the noise current level of the line.

The noise current value from the converter station at the distance of interest along the line
corresponds to the total noise current value produced either on the AC side or on the DC side
of the station divided by the number of AC and DC lines, respectively, diminished according to
the expected longitudinal attenuation from its injection point to the point of observation at the
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