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Part 2: Methods of measurement
and procedure for determining limits

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for,§tandardization con
hational electrotechnical committees (IEC National Committees). The object* of IEC is to j
national co-operation on all questions concerning standardization in the elgCtrical and electronic fig
end and in addition to other activities, IEC publishes International Stafidards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides~(hereafter referred to 3
ication(s)”). Their preparation is entrusted to technical committees; anyTEC National Committee inf
he subject dealt with may participate in this preparatory work. ‘tnternational, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in”,accordance with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter
sensus of opinion on the relevant subjects since each\technical committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made to ensure that the technical content
ications is accurate, IEC cannot be held_trésponsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent ‘possible in their national and regional publications. Any div
een any IEC Publication and the‘carresponding national or regional publication shall be clearly indi
atter.

itself does not provide any\attestation of conformity. Independent certification bodies provide co
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

iability shall attach to IEC or its directors, employees, servants or agents including individual expe
hbers of its technical committees and IEC National Committees for any personal injury, property dar
r damage—ef. any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot}
ications.

ntien,is drawn to the Normative references cited in this publication. Use of the referenced publicd

indi

hprising
romote
Ids. To
Cations,
s “IEC
erested
d non-
closely
ned by

ational
rom all

Publications have the form of recommendations 4ér international use and are accepted by IEC National

of IEC
for any

cations
brgence
ated in

formity
for any

rts and
hage or
ps) and
er IEC

tions is

ipensable for the correct application of this publication

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

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

Full in
report

This p|

A list
interfg
websit

The ¢

formation on the voting for the approval of this technical report can be feund
on voting indicated in the above table.

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

of all parts of the CISPR 18 series can be found, under.the general title
rence characteristics of overhead power lines and high-voltage equipment, on th
e.

bmmittee has decided that the contents of this publication will remain unchange

in the

Radio
e IEC

H until

the stpbility date indicated on the IEC web site under "http://webstore.iec.ch" in th¢ data
relatedl to the specific publication. At this date, the publication will be

* re¢onfirmed,

. wilhdrawn,

* replaced by a revised edition, or

* anjended.

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

IMPO
that

RTANT — The 'colour inside' logo on the cover page of this publication indi
t contains colours which are considered to be useful for the ca

cates
rrect

undenstanding of its;contents. Users should therefore print this document using a

colou

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

gener

This third edition of CISPR TR 18-2 is adapted to the modern structure and cont

techni
edition
metho
substg
noise

1) the
fun
raq

2) ga
en

there
in the

The @

related to exposure to electromagnetic fields.

The main content of thisttechnical report is based on historical CISPR Rec. No. 56

below

RECOMMENDATION No. 56

ption. Information on the physical phenomena Involve

tion of electromagnetic noise fields is found in CISPR TR 18-1. It also includ
roperties of such fields and their numerical values. CISPR TR 18-3 eventually cg
e of Practice for minimizing the generation of radio noise.

cal reports issued by IEC. The second edition of CISPR TR 18<2<{tnderwent thg
and adaptation to modern terminology. This third edition now-also covers an adq
d of measurement for radiated disturbances from HV gvérhead power line
tions in the range 300 MHz to 3 GHz, since gap-type discharges can be a po
source disturbing modern digital radio communication. However, because

re is not sufficient experience and information _regarding gap-type noise ang
ther investigations regarding noise characteristics and how gap noise disturbs
io communication are necessary,

b noise is not persistent in normal operationyof the electric power facility and te
erge from defective components,

s no discussion in this edition regarding technical considerations for derivation of
frequency range 300 MHz to 3 GHz:

ISPR 18 series does not deal” with biological effects on living matter or any

METHODS OF MEASUREMENT OF RADIO INTERFERENCE CAUSED BY
OVERHEAD POWER LINES AND HIGH-VOLTAGE EQUIPMENT AND

n the
ps the
ntains

ent of
rough
quate
5 and
tential

thus
digital

hds to

limits

ssues

given

THE PROCEDURE FOR DETERMINING LIMITS

The CISPR

CONS

IDERING

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

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

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


https://iecnorm.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 -9-

RECO

MMENDS

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

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

In CISPR TR 18-2, methods of measurement and procedures for determining limits of such

radio i

The mlethods of measurement in CISPR TR 18-2 detail the techniques and procedures f

when
overh
of int

The p
width

This ¢
noise

The p
VHF 3

yet befen decided, due to insufficient knowledge.

Itis e
intern
where

nterference are recommended.

measuring electromagnetic fields arising from radio interference at(sjtes clg
ad lines and also the techniques and procedures for making laboratoryy measure
rference voltages and currents generated by line equipment and accessories.

ocedures for determining limits define the expected values of radio noise field a
bf the "disturbed" corridor following the route of the line.

prridor takes into account the effective field strength of the wanted signal, the sig
ratio selected and the expected strength of the noise field for a given line.

rocedures are only valid for long and medium waves because procedures applica
nalogue television broadcasting and digital terrestrial television broadcasting ha

tionally. Rather it details the procedures to enable national authorities to specify
it is decided that there is a need-for regulations.

Dr use
se to
ments

hd the

nal-to-

ble to
ve not

phasized that this part of CISPR 18.does not specify a single set of limits to be applied

limits
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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

1 S

This ¢
power|

The fr

A gen
and e
measy

The cl
only i
examy
been

have mot yet been fully resolved. Site measureménts and service experience have show

levels
so low

The v
proteg
the ap
the le
to prdg
specif

and ddiring its useful life:

COpE

art of CISPR 18, which is a Technical Report, applies to radio noise from-ove

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

eral procedure for establishing the limits of the radio noise_field from the powe
uipment is recommended, together with typical values as ‘€xamples, and meth
rement.

these bands where ample evidence, based on~established practice, is availab
les of limits to protect radio reception in the<{frequency band 30 MHz to 3 GHz
jiven, as measuring methods and certain other aspects of the problems in this

of noise from power lines at frequenciesc¢higher than 300 MHz in normal operati
that interference is unlikely to be caused to television reception.

plues of limits given as examples are calculated to provide a reasonable deg
tion to the reception of broadcasting at the boundary of the recognized service ar|
propriate transmitters in thelradio frequency bands used for a.m. radio broadcast
hst favourable conditions.likely to be generally encountered. These limits are inf
vide guidance at the\planning stage of the line and national standards or
cations against which-the performance of the line may be checked after constn

The

easuring appdratus and methods used for checking compliance with limits
with the‘respective CISPR specifications, as e.g. the basic standards series CIS

lines and high-voltage equipment which may cause interference to radioeception.

rhead

[ lines
pds of

use on limits concentrates on the low frequency and-medium frequency bands and it is

e. No
have
band
n that
bn are

ree of
eas of
ng, in
ended
other
uction

thould
PR 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
Electromagnetic compatibility

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

1 The

figures in square brackets refer to the Bibliography.

161:
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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 60050-1611ahd the
ISO IBC Guide 99 apply.

ISO and IEC maintain terminological databases for use in standardization at/the following
addresgses:

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

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

4 Measurements

4.1 Measuring instruments

4.1.1 Response of a standard quasi-peak CISPRimeasuring receiver to AC generated
corona noise

CISPR 16-1-1 specifies the response charagteristic of a measuring receiver to perioflically
repeafled pulses, according to their repetition” frequency, for a number of different frequency
range$ and bandwidths including the range 0,15 MHz to 30 MHz and a resolution bangwidth
of 9 kidz.

Figurg 1 indicates the form these'pulses take as they progress through the various stapges of
the mpasuring receiver. However, in the special case of corona pulses generated by high-
voltage AC power systems, the individual pulses are not equally spaced throughout gl cycle
but oclcur in closely packed.groups or bursts around the peak of the voltage waveform. A burst
has a|duration not exteeding 2 ms to 3 ms and this is followed by a quiescent no-¢orona
period.

Owing to its inherent time constants, a standard quasi-peak CISPR measuring recefver is
unabl¢ 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.

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
quadratic 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-peak

detecf'nn, of the qnndrnfir\ summation law which would moreover bhe rignrnne if the noise

levels|were expressed in RMS values.

4.1.2 Other measuring instruments

Measuyring instruments differing from standard CISPR instruments are referred to in Arjnex A
although measuring instruments having detectors other than quasi-peak are also referrefd to in
CISPR 16-1-1.

4.2 |On-site measurements on HV overhead power lines
4.21 General

On-site measurements in the vicinity of HV overhead-power lines should be carried [out in
accordance with the instructions given in this subclause/ Further information about a pgssible
assessment 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
4.2.2. Reference frequency

The r¢ference measurement frequencyis 0,5 MHz. It is recommended that measuremerts are
made |at a frequency of 0,5 MHz + 10" % but other frequencies, for example 1 MHz, maly also
be used. The frequency of 0,5 MHz (or 1 MHz) is preferred because, usually, the level of radio
noise |at this part of the spectrum is representative of the higher levels and also because
0,5 MIHz lies between the low and medium frequency broadcast bands.

Because of the possjbility of error due to the presence of standing waves, it is inadvisgble to
rely on the measured-value of the radio noise field strength at a single frequency but t¢ draw
a medn curve thraugh the results of a number of readings throughout the noise speftrum.
Measyrements~should be made at, or near, the following frequencies: 0,15 MHz, 0,24 MHz,
0,5 MiHz, 1,08MHz, 1,5 MHz, 3,0 MHz, 6,0 MHz, 10,15 MHz and 30 MHz although, clearly,
frequgncies at which interference to the wanted noise is received, should be avoided.

4.2.2.2 Measurement antenna

The antenna used for the measurements shall be an electrically-screened vertical loop, whose
dimensions are such that the antenna will be completely enclosed by a square having a side
of 600 mm in length. The balance shall be such that in a uniform field the ratio between the
maximum and minimum indications on the measuring receiver when the antenna is rotated
shall not be less than 20 dB. The base of the loop should be about 2 m above ground. The
antenna shall be rotated around a vertical axis and the maximum indication noted. If the plane
of the loop is not effectively parallel to the direction of the power line, the orientation should
be stated.

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
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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 check shall be made to ensure that the supply mains, if used, or other conductors

4 () : n ! a4 e %
connegteatotne mredsuring dppyalrdius UU TIUL dliTcLU UIT TTITTCasUTTITITTIlS.

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

To defermine the radio noise performance of a line, certain positions of méasurement $hould
be avpided; but these restrictions would not apply when an investigation into a case of
interfgrence is being carried out.

MeasuUrements should be made at mid-span between the towers and preferably at several
such positions. Measurements should not be made near points,where lines change dirfection
or intdrsect.

Sites pt an abnormal height of span should be avoided. The measuring site should be flat,
free frpom trees and bushes and remote from large metal structures and other overhead jpower
and telephone lines.

Ideally the measuring site should be at a distance greater than 10 km from a line termination,
in order to avoid reflection effects and consequently inaccurate results, but lower vpltage
distribution lines are sometimes too shoft to enable this condition to be met. HowevE, the

resulty of measurement (see reference [6]) indicate that the level of the radio nois¢ field
strength in the absence of reflections-corresponds to the geometric mean of the maximum and
minimpm values, in microvolt. per metre (uV/m), of the frequency spectrum from ja line
subjegted to reflections.

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

The afmospheri¢.conditions should be approximately uniform along the line. Measurgments
under|rain cofdjtions will be valid only if the rain extends over at least 10 km of the I[ne on
either|side-of the measuring site.

AnnexB gi\/ﬂe alist 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
distance y, for comparison of different lateral profiles.

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

NOTE |[In the case of most conventional overhead HV power transmission lines “already in operatipn, the
normalised versions of lateral profiles of the radio noise fields obtained in a difeet distance of 20 m ffom the
nearest] conductor converge through the same indication level as those obtained"in the new lateral reference
distancg¢ of 15 m, due to the usual height of the conductors above ground. However, the direct distance pf 20 m
used sq far can prove impractical for prediction of the radio noise for transmission lines utilising higher Joltages
and for| which high towers can be used. In order to also allow for measurements at ground level also ip these
conditigns, the CISPR reference distance of 20 m taken directly from the'nearest sub-conductor of the Ijne was
changefl to a lateral distance of 15 m, see explanation above.

When|the profile of the radio noise field is plotted<as a function of the distance uging a
logarithmic scale, a substantially straight line is obtained. Under these conditions, the fljeld at
20 m |(direct distance) or simultaneously 15 m~Tlateral distance) is readily obtainpd by
interpglation or extrapolation (see Figure 3).

The height of the axis of the lowest phasé bundle of sub-conductors above ground sholld be
measyred at mid-span and recorded in“the test report.

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
4.2.3. Reference-frequency

Because the frequency bands dedicated to television broadcasting vary in the coyntries
around the word, a single reference measurement frequency for interference in telgvision
broadg¢ast(frequency bands cannot be fixed in the same way as done in the a.m. [sound
broad¢asting frequency ranges. However, it is recommended that measurements are mpde at
a freq Gefcy of FoMHzbutothet f|c\4uc||u;co, for UI\GIIIlJ:U 150-MHZ may atsobeused—These
frequencies should be selected since the noise strongly 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 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=4d5340f01dcec5ef25dd09bdc0812072

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 other overhead power and telephone lines.

Measyrement results should be expressed in units of microvolts per metre (uV/m) pr the
logarithmic equivalent (dBuV/m).

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

The afmospheric conditions should be approximately uniform alongythe line. Measurgments
under|rain conditions will be valid only if the rain extends over at)least 10 km of the I[ne 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. General

In the[frequency range from 300 MHz to 3 GHz, a potential noise source disturbing modern
digital|radio communication might be the gap-type discharges that are described in Clause 7
of CI$PR TR 18-1:__3; however, in ofder to facilitate the measurement method in this
frequgncy range, further investigations* regarding noise characteristics and how gap|noise
disturlds 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 g log-
periodic antenna. Under the transmission line, strong electric induction effects from the
powertfrequency «oltage can provoke a malfunction of an active antenna. The log-périodic
antenna shouldbe positioned about 3 m above ground. The antenna is to be rotated arqund a
horizontal axis.and the maximum indication noted.

It is fecommended that measurements are made at a frequency of 440 MHz but| other
frequ [EH ; X i 1ld be
selected to protect service quality of digital terrestrial broadcast and other (mobile) radio
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 %

confid

ence.

Definitions of readings and sets of measurements are given below:

1) A

eading is the result of a single measurement of the field strength level in dB(uV/

), at a

given location, under given meteorological conditions. If the meter readings fluctuatg

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
mgteorological condition, at three different locations approximately evemly distn
algng the line. Not more than one set of measurements should be taken _oenh any pan

da
eli

y for the given meteorological conditions. The three different locations will h
minate the effects of local irregularities (for example standing“waves), althoug

stgted in 4.2.2.3 and 4.2.2.4, measurement positions where unrepresentative readin

lik

Numb

bly to be obtained should be avoided.

br of measurements:

1) Usling the measurement techniques described in 4.2,<at least 15 but preferably 20 o

Se

s of measurements should be taken.

2) The number of measurement sets for each weather condition (dry, rain, snow, etc.

be

proportional to the frequency of occurrence’of each weather condition for the areg.

, then

given
buted
ticular
Ip to
h, as
js are

more

shall

e line,

Compliance with a specified noise limit is judged from the following relationship takef from
CISPR TR 16-4-3:
X+kS, <L
where
L is|the permissible upper limit of radio noise;
X is|the mean value of fhe (n) number of sets of radio noise level measurements of th
namely:
X - X1+ Xouo + Xj +..+ Xy,
n
S,, is|[the standard deviation of the (n) sets of measurements, namely:

o |2t -X

On—
n-1

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

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
method does not introduce a significant error provided that at least 15 but preferably 20 or

N £ b . y) L -
more getsormeasurements are useo e evaraatron:

4.4 |Additional information to be given in the report

To engure that extraneous interference is not influencing the radio interferepce'measurgment
level, jt may be necessary to measure the background noise level (spectrum)-with the lipe de-
energized.

When|the results of the measurements are reported, as much releyaht information as pdgssible
should be given on the line and on the conditions under which thé-measurements were garried
out.

4.5 |Measurements on HV equipment in the laborataory
4.51 Overview

This subclause gives the method to be used for the’'measurement, in a laboratory or test area,
of rad|o noise generated by items of plant and.€omponents used on high-voltage lines pnd in
substations, such as circuit-breakers, bushings, insulators, and associated hardware. This
method is valid for type tests and for routiffe or sample tests and also for investigational Jtests.

It is upual practice to carry out labgratory measurements of radio noise in a prescribgd test
circuit| by measuring conducted-guantities (current or voltage) and not the emitteq field
strength.

Furthgrmore, 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
possiljle, actual service conditions and, if necessary, the most severe conditions liKely to
occur [for the typewoftapparatus being tested. Before the establishment of a reliable method of
radio hoise tesfing in a laboratory, reliance was placed on the voltage at which incepfion or
extincfion of visual corona occurred on the test object. The voltages so determined werg very
dependent” on the observer and this method is now being replaced by the labgratory
measyrement 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 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.

Unles$ otherwise stated, test conditions described in this clause are valid for used, wet find/or
polluted objects as well as for new, clean and dry objects.

4.5.3 Test area

The tgsts should preferably be performed inside a screened room which is large enofigh to
prevemt the walls and the floor from having any significant effect onc¢the distribution |of the
electric field at the surface of the test objects. Circuits entering the, screened test arga, for
example supply cabling for power and lighting, should ideally bg filtered so as to|avoid
introdyiction of external interference (see 4.5.11).

If a qcreened room is available, the tests may be carried out at any place whefe the
backgfound noise level is sufficiently low compared with the levels to be measured (see
4.5.11)).

4.5.4 Atmospheric conditions
The nprmal reference atmosphere for tests described herein is:

— temperature: 20 °C;
— prgssure: 1,013 x 105 N/m?2 (1 013-mbar);
— relptive humidity: 65 %.

Howeyer these tests may alsa_be performed under the following atmospheric conditions:

— temperature: betweefi15 °C and 35 °C;
— prégssure: betweeh 0,870 x 10° N/m2 and 1,070 x 10% N/m2 (870 mbar and 1070 mb3
— relptive 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 test
objectjve.

When Tests are made on a dry object, It shall be in thermal equilibrium with the iest 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 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
input resistance of the measuring receiver, R,,.

The tjest consists of taking measurements of the pulse-type voltages appearing,acioss a
fraction of R when a given power-frequency voltage is applied to the object under(tgst. [These
measyrements are/shall be expressed in uV (or in dB(unV)).

4.5.6 Practical arrangement of the test circuit

Figurg 5 shows the standard test circuit which should be used for the laboratory measurgment
of thg radio noise voltages generated by medium and/or highywoltage equipmeni. The
conneftions to the measuring receiver are shown in a simplified form in Figure § and,
depending on the distance between the measuring receiver  and the test circuit, the
arrandement shown in either Figure 6 or Figure 7 is incorporated into the circuit of Figurg 5.

NOTE |[In the special limited case of the need for rapid comparative*measurements to be made on a number of
identicgdl small objects, such as cap and pin insulator units for ¢verhead lines, the special test circuit of Figure 8
can be psed. The decoupling capacitor C_ can be omitted wheithe 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} or ii)
simply a capacitor C3, as shown in Figure 5.

i) Lo, is tuned to the measurement frequency along with L in parallel with C4, forming the
rejection filter F. The advantage of this arrangement is that C, may have a relativgly 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 involye the
refuning of L,C, and L4Cy:

i) As| stated in item d) of'4.5.7, a value of 1 000 pF for C; should be satisfactory, |which
m4gkes an inductor injseries with C3 unnecessary and this part of the test circuit aperiodic.
Byl making the rejection filter F also aperiodic by using, for example, an inductor damped
by|parallel resistors, measurements at frequencies other than the reference frequeng¢y can
be|carried out relatively simply. If, however, the laboratory or test area is near to industrial
prémises where high levels of radio noise can be produced, a very high filter impeddnce is
uspally 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 following requirements.

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

Tl«. moaedanecaebatwaoaon tha liva condiiato,e o r\” be
1 TP CtOrTcC—oCTyw CCTT—trC— vy C— CoOTmTaoCtoT—art T

AY
U
(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 C3 is at least five times greater than the capacitance to earth’ of tHe test
object and its high voltage connection. In practice, a value of 1 00Q0'pF shoyld be
satisfactory for Cj.

Cqpacitor C5 shall be capable of withstanding the maximum test violtage and have|a low
paftial discharge level at that voltage.

The more usual method of connecting the measuring receiver. to the test circuit, i.e. whegre the
length| of cable is less than about 20 m and coaxial cable’js used, is shown in Figure 6. YWhere
the lgngth of cable is greater than 20 m, balanced)screened cable is used, anf this

arrandement is shown in Figure 7.

a)

b)

d)

M4tching resistor R4

To|l reduce the possibility of errors dug& to reflections within the connections fo the
measuring receiver, the co-axial cable;lin the case of Figure 6, shall be terminated in its
characteristic impedance at each’”, end. Also, in the circuit of Figure 7, the
caple/transformer assembly shall bessimilarly terminated.

Thie effective input resistance R ;-of the measuring receiver usually provides one mdtching
teymination and the other termination is provided by R, which shall be of the high stability,
nop-inductive type.

Series resistor R,

Tol meet the requirement of 300 Q resistance across the test object, the input resigtance
R, of the measuring receiver in parallel with R, has to be increased using a [series
registor R, which shall be of the high stability, non-inductive type. In the casg¢ of a
measuringfecéiver where R, is 50 Q, the value of R, should be 275 Q.

NO[TE 1/7Ih. some countries other resistance values are assigned to R : for example the National Electrical
Mahufacturers' Association (NEMA), of the USA, in its Publication 107 (1964) [7], specifies the value of 150 Q
for|RpMJsually a simple conversion can be applied to the results obtained from tests to other specififations.
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.

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)

f)

4.5.9 Mounting and arrangement of test object

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.

The_balun or coupling transfarmers T, and T4 should be located close to R1/R2 and to the
measuring receiver, respectively, and the connection between the transformers shopld be
m4gde by means of a balanced screened cable. Short lengths of co-axial cable-shopld be
usgd to connect T, to R4/R, and T4 to the measuring receiver, and all these ¢abtes $hould
haye suitable characteristic impedances to ensure correct matching.

Mgasuring instrumentation

Tol comply with CISPR recommendations, the measuring instrumentation shall be
copsistent with the specifications of CISPR 16-1-1. If a measuring receiver with different
characteristics is used, a conversion of the results into valugs“which would have been
obfained with a CISPR instrument is usually possible, . bat this can lead to|some
ingccuracy. This conversion should be carried out as detailed'in 4.1.

The opject under test shall be mounted and arranged’in”accordance with the requiremgnts of
the standard applicable to the particular apparatusseoncerned (for example, IEC 60437}1997,
see [3]). When no such standard is available, the test object shall be arranged, as [far as
possifjle, in the same manner and with the safae circuit configuration as is typical of gervice

conditjons.

The opject under test shall be provided with all its normal hardware which may affect the
distribution of the electric field at thé)surface of the test object, for example as arcing|horns
and sjress-control hardware. Where the test object can be in more than one conditign, for
example a circuit-breaker which-¢an be open or closed, it shall be tested in each of|these

conditjons.

The high-voltage connections to the object under test shall be short and shall not contriute to
the measured values_of radio noise from the test object nor influence the distribution |of the

electric field at itscstrface.

The goupling.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
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.
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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.

Interfgrence nray atsoresutt-frombroadeast—stations—this nray be—overcome by ac:cl.ting a
measyrement frequency from within the specific range but which is clear of interfefence.
Additipnally, the use of a resonant circuit L,C4, correctly tuned as the rejection_filter F, can
often be most effective in reducing such background interference.

4.5.120 Calibration of the test circuit

The tgst circuit shown in Figure 5 together with the circuit shown in either Figure 6 or Figure 7
shall be calibrated to obtain the value of the correction factor that~shall be applied fo the
measyring receiver readings. This factor is the sum of the,circuit attenuation arld the
resistance network factor, both expressed in dB. Such calibratien is required where tHe test
assen|bly is being used for the first time, or has been re-arranged, or where the test jobject
have been changed to one of a significantly different capacitance. The power supply [to the
high-vpltage transformer should be disconnected during-Calibration.

a) Cifcuit attenuation A

Beffore starting the calibration, the rejection™ilter F, if applicable, shall be tuned [to the
particular measurement frequency as described in item c) of 4.5.7. A signal generat¢r 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
shpwn in either Figure 6 or Figure 73 (Such a generator is easily arranged by connegting 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 rgsult in
a ¢urrent of about 50 pA beihg 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 typical backgroundinoise level. The level of this reading shall be noted.

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 Igvel of
this new reading 'shall be noted. The difference between the two readings is the [circuit

NQITE 1,~To "avoid removing R, and R, from the test circuit during the calibration procedure, othgr high-
stapility,\non-inductive resistors of the same value can be used.

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
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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
r

Un{fer these circumstances, the radio noise level of the apparatus being tested Is directly given bDy:
i

V=V, =20lg 300\/—1 in dB(pV) across 300 Q
1

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

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

4.5.13 Test procedure

Radio|noise generated by high-voltage equipment depends mainly on the distribution [of the
electric fields at the surface of the equipment. Ideally, the goal is to reproduce thesg field
distributions during tests in the laboratory.

The radio noise level generated by a test 6bject 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 npt be present at a given test voltage; as it depends on whether this voltage was refached
by deg¢reasing or increasing values.Rre-conditioning of the test object, by subjecting jjt to a
voltage which is equal to or greater than the specified test voltage for a specific period gf time,
can also have an effect on the meéasured level of radio noise.

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

The tg¢st voltage shallybe a sine wave at power-supply frequency and be consister|t with
IEC 60060-2. It shall.be applied either:

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

b) befween phase and earth (for example a complete insulator string), in which case the test

VO toma 1o ralatad o tha ovctam'c nhaoon unaltana
Oyt 1o T CTatCU U OTC— oy SteTiT o pPTriastvoTtaygt T

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.

It may be advantageous to carry out additional observations and measurements _at\the|same
time als 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, ifinecesspry by
meang of binoculars in a darkened laboratory, will enable even extremelyosmall points of
corona discharge to be located. Such observations may be confirmed by megns of
photographs with long exposure times, or by means of an image intensifier. If it is impdssible
to darken the laboratory sufficiently, the points of discharge may bedocated to some extent by
an ultfaviolet detector, by ear or, preferably, by an ultrasonic detector which is muchl more
directipnal.

4.5.19 Data to be given in test report

In addition to the specification of the apparatus undertest, the test report should also give the
following data:
a) stgte 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 pressure,
3) | relative humidity,
4) | presence oryabsence of rail (standardized artificial rain);
c) tegt circuit, ineluding any difference from the standard CISPR circuit;
d) bagkgrouhd-noise level;
e) test voltage with detailed procedure of its application;
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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
given by it on a simple and effective method for deriving limits on a national basis, taking into
account particular conditions the regulatory authority may wish to adopt. Furthermore, it is
agree ivi imj i ed on
reasofable minimum radio signal levels, adequate receiver installations and on practicpl and
economical power line designs. The method should enable assessment of the effects of jpower
lines qn 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 considereq, any
recommended limits cannot assure 100 % protection to 100 % of the fadio 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 16-443 [48]
specify a statistical basis for analysing test data to determine compliance with a CISPR limit
for mgss-produced appliances.

In the|case of noise from power lines and high-voltage equipment, this criterion is not directly
applicgble. It is however possible to relate it to“the statistical distribution of noise due |to the
variatipn of atmospheric conditions. For power lines, high-voltage substations as well jJas for
high-vpltage equipment, the CISPR limit~recommended in the present document mfay be
interpreted as the noise level not exceeded for 80 % of the time. However, as is disdussed
in 4.3 this application of the CISPR 80 %/80 % rule would involve a larger number of
measyrements than is specified infCISPR 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 moflerate
climates will usually be~na foul-weather level, and for dry climates, it will usually be p fair-
weather level.

Figurd 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, illugtrates
this difference between corona noise from AC and DC lines.

Other Triterta, suciht as_average fair-weather Noise 1evels or possibty 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.

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
reference distance D, or y,, respectively, of the power line to develop a "protected distance".
This protecteddistance D represcriits e mintmurmm distance 1roim the lne requirea tQ rotect
the 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 pe the
minimpm distance from the line at which the minimum protected signal can be-recéived 80 %
of the|time with an acceptable SNR. If the average fair weather noise level is“the bagis for
establjshing limits, then this protected distance will be the minimum distanee“from the |ine at
which|the minimum protected signal level can be received for 50 % of/’the time duripg fair
weathpr with an acceptable SNR.

It shotld be appreciated that at most locations, the radio signalClevel will be higher than the
minimpm one and that advantage can sometimes be taken (of*‘the directional properfies of
certain types of receiving antenna to improve the SNR. On the other hand, there will be|cases
where| the distance between the power line, or the high-yoltage equipment, and the reqgeiving
locatign will be less than the protected distance. On a<tatistical basis these factors wil| often
tend tp balance each other in such a way as to provide adequate reception even in|cases
falling| within the protected distance. For those so’placed who suffer interference, mitigation
technigues may be employed such as use of remate antennas or connection to cable systems.

5.3.2 General
5.3.2. Power systems

The rpdio noise limit discussed.(in”this clause to protect audio and analogue-modulated
televigion broadcasting applies\to the power system as a whole and not to its indjvidual
compg@nents such as transfofmers, 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 prioduce
in a d|rect distance of 20:m from the nearest phase conductor (in case of HVAC systems) or
positiye conductor (in-¢ase of HVDC systems) of the overhead power line is discussed|in 6.2
of CISPR TR 18-1:¢ %

The nopise limits)are based on lateral attenuation laws applicable to typical power lines gnd on
the apgpropriate CISPR measuring methods and instruments referred to in Clause 4. N* well-

establjshed-“data are presently available for HVAC substations or HVDC converter stations.
For simplicCity, 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 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
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For the v.h.f. bands, the International Radio Consultative Committee (CCIR) recommended

minim

um 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 shO‘TH—be—bm—m—mw—cﬁﬂm—mﬁmmw—mm—rﬂmHo—mlection
againgt interference from other radio signals or from natural radio noise. Interferenc¢ from

power|line noise has not been considered so far.

With the widely differing values adopted for usable signal levels for different”zones lof the
world,| daytime and night time, the term "reasonable radio signal level" has\{o be established
with regard to the factors relevant to the different levels. It is inevitable\that if low levgls are
adopteéd, radio noise from power lines should be viewed in comparison‘with other sourges of
interfgrence and the protected distance between the power lineand receiver shoyld be
increased and/or the acceptable SNR should be reduced.

5.3.4 Required signal-to-noise ratio
5.3.4. AM audio broadcasting in the range below"30 MHz

No exact recommendations as to acceptable SNR have yet been devised for noise from [power
lines. For planning purposes, the ITU recommends-a wanted-to-interfering signal ratio of 30 dB.
NARBHA levels are based on a ratio of 26 dB.

For similar ratios, power line noise maycrepresent somewhat less objectionable interfgrence
than does any co-channel interference:

For AL lines, the technical literature contains results of a number of investigations [of the
required SNR for satisfactopyreception in the presence of power line noise. Thede are
summaprized in Annex E. The“required ratios for various qualities of reception from "eptirely
satisfgctory" to "speech_‘unintelligible" are provided. National regulatory authoritie§ may
specify the quality of réception they wish to protect. It should be borne in mind that th¢ SNR
depends largely on the receiver bandwidth. The ratios given in Annex E are based ¢n the
signal|being measured on an average or RMS reading meter and the noise being medsured
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
measuyring-receiver, the reading obtained from a.m. radio signals will be about 3 dB higher
than the readmg obtained from the respectlve un-modulated constant wave (CW) arrier
signal
approaches the peak of the modulatlon 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.


https://iecnorm.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 - 29 -

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.

The repetition rates of noise pulses due to corona and to gap-type discharges may differ
considerably. This may have a large influence on the degree of interference produced on a
televigion picture. Although there is not much data available, this should be considered when
establjshing acceptable SNRs for reception of television radio broadcast services(

5.3.5 Use of data on radio noise compiled during measurements in thefield
5.3.5. Attenuation laws

The rdte of lateral attenuation of radio noise, for direct distances® between about 20 m and
100 m| from the nearest conductor of a line, varies in different-frequency ranges angd also
depends on the configuration of the line. The following apptoximate values should pfovide
satisfgctory results:

— 0,15 MHz to 0,4 MHz, noise level decreases as D~ 1s8;
— 0,4 MHz to 1,7 MHz, noise level decreases as D7 %65;
— 30[MHz to 100 MHz, noise level decreases as\b~'1:2;

— 10Pp MHz to 300 MHz, noise level decreasesas D~1.0,
Presumably, the factor 1,65 is somewhatovalid between 1,7 MHz and 30 MHz. The information
for thg 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 type of
noise pource, for example conductor corona or gap-type discharges at hardware defects

The regference noise levels Eg“measured 2 m above ground level and belonging either [to the
laterall reference distance 'y, of 15 m or also to the direct reference distance Dy of 20 m may,

therefpre, be correctedto'the protected distance, using the following correction equations:
D,
0,15 MHz to 0,4 MHz E :E0—36Ig—
P 20
Dy
0.4 MHz to 1 7 MHz E, =Fg-33Ig-—
F 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 m (direct distance) or 15 m (lateral distance) from the reference point. When this is not

possil
distan

also be taken at distances other than 20 m and 15 m, respectively, for verificatiof ‘pur

In all

5.3.6

5.3.6.
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levels
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Use of data obtained by prediction of the radio noise from high-voltage
overhead power lines

General

sment of measurement data obtained at operational dines, reliable prediction of
is important as no corrections of line design or construction can economically be
he line has been built. Once the line is in sefvice, there are several alter
rement procedures by which this predicted leve) may be verified. The choice of n
pend on the length of time available for the' measurements and on the deg
cy required.

p AC power lines

the help of the catalogue (see Annex B of CISPR TR 18-1:__8). The equation is

E=3,59max + 12 r—30 in dB(uV/m)

s the radio noise field strength at the direct distance D, of 20 m from nearest con
bf the proposed line in dB(uV/m);

s the numerical value of the maximum voltage gradient at the conductor surfg
V/iems

s he-numerical value of the radius of conductor or subconductor, in cm.

ted by use of an empirical equation, such as is presented in 5.3 of CISPR TR 18}

other
thould
DOSES.

cases, measured profiles of lateral attenuation are greatly preferable~tolithe Wise of
corregtion equations (see 5.3.5.1).

noise
made
native
ethod
ree of

ay be
3. 7
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ce, in

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 fol

lowing 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 Und
8 Und
9 Und

er preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
er preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
er 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);

Imax |8 the numerical value of the maximum surface gradient of the line, in kV/cm;

r s the numerical value of the radius of conductor or subconductor, in cm;

n s the number of subconductors;

D s the numerical value of the direct distance between antenna and nearest conductor,
nm.

At given frequencies different from 0,5 MHz, especially if a signallat a specified broadcast
frequgncy 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 CISPRIR 18-1:__11):

AE (dB) = 5[1 -2 (log 10 H2] Cin dB

where| AE is the deviation (in dB) of the radio noisel level at the given frequency frgm the
reference frequency of 0,5 MHz and f is the numerical value of the given freqliency,
expressed in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHZ. This
corregtion is basically derived from AC linescand is also applicable to DC lines, until further
experience is gained.

It shquld be noted that the prediction equation for the radio noise level given jabove
repredents 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.

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

This ig the most preecise method for evaluating the noise level produced by a power ling but it
takes ja 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
suitabjlity of the recording site shall be checked by means of measurements at various |points
along [thé-line. The results are plotted on a probability graph of the type shown in Figute 3 of
CISPR_ER 18-1: 12__At the pprrpntagp of time that has been selected for cppr‘ifyimg 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
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
alternat|ve of makmg measurements in fair weather or heavy rain (in case of AC lines) and in

corona is the main noise source and when the radio noise dlstrlbutlon curves for the particular
type df 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 pn the
same ftype of line under similar climatic conditions. Preferably three distribution lcurves $hould
be available; (1) under fair weather conditions, (2) under heavy rain and }3) under all-year-
round| weather conditions. Statistical distributions are discussed in 4.344 of
CISPR TR 18-1:__ 13,

It sholld be noted that the methods outlines in the following paragraphs may not agply to
lines Qelow 72,5 kV in cases where conductor corona is not the-mdjor source of radio ndise.

For AC lines, the 80 % all-weather value is in general 5 dB to 15 dB higher than the 50 Yo fair-
weathpr value, depending on the climate.

For DC lines, the 80 % all-weather value is in general about 3 dB higher than the 50 %, fair-
weathpr value.

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

Since|the radio noise leyel.due to conductor corona is relatively stable and reproducible
during heavy rain, thesetmeasurements are not required to be taken at separate times| Foul-
weathpr measuremepts.at AC lines should also be made at various locations along thg line.
For AC lines, the«50’% steady, heavy, rain level is deduced from the results o¢f the
measyrements andrused as a reference in the set of distribution curves to assess thg 80 %
all-wepther leyel: 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-wgather
value [from_the heavy-rain measurements is more reliable than the assessment from thie fair-
weather measurements. In general, the 80 % all-weather level is about 5 dB to 12 dBj|lower
than the 50 % steady, heavy, rain tever.

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 respect
of signal level, SNR and distance from a power line. Conversely, for a given level of noise, the
minimum acceptable distance for satisfactory reception of a given signal strength could be
calculated.

It sholld be borne in mind that the lateral attenuation laws quoted are average valugs| 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 assumeéd in this
subclguse.

Furthgrmore, it should be remembered that radio-noise is generally measured so far at a
frequgncy of 0,5 MHz. If a signal at a specified broadcast frequency,is<io be protected, the
measyred values should be corrected for the given frequencyaccording to 4.3.2 and
Figurgd B.14 of CISPR TR 18-1:__14. For example, at 1 MHz, the <ioise level would be|about
5 dB tp 6 dB lower.

5.5.1.2 Principle

There|are four parameters involved in the specificatioh, of radio noise limits (see Figurgs 11a
and 11b):

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

— the reference noise level, represepted by E, at 2m height above ground, Huring
prgscribed weather conditions;

— thg "protected distance"”, that isicthe minimum distance from the line at which the |signal
cah be satisfactorily received:

If any|three of these parameters are specified, the fourth can be determined. Two exgmples
will dgmonstrate this.

5.5.1.3 Example 1

If the [value of the noise level at the direct or the lateral reference distance, the profected
signalllevel and the required SNR are all known, the protected distance from the power line
for salisfactory radio reception in the low and medium frequency bands may be calculated
from thelequation given in Annex F:

[EO‘EPHQ,]
D, =10" X

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);

= Sp - Rp is the acceptable noise level at Dp, in dB(uV/m);
R 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.)

In the

As an

72 dB

bands, respectively.

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

uV/m) at 1 MHz may be received with a SNR of 35 dB is required. The-line

measyred by the standard CISPR method is found to be 50 dB(uV/m). The” fol

calculfition is made:

Protegted wanted radio signal level at 1 MHz Sp = 724B(pnV/m)
Required signal-to-noise ratio (SNR) Rp =-35dB
Accepftable noise level at protected distance from line Np = Sp - R‘p

N, = 37 dB(nV/m)

Measyred noise level at the lateral or direct reference 50 dB(pV/m)
distange, at 0,5 MHz
Noise|level at 1 MHz Eq=50-6 =44 dB(uvV

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

Protegted distance (44+35_72
+
10

There

23 13
D, =

ore, the protected distance_is Dp = 32m from the nearest conductor of the line.

5.5.1.4 Example 2

In thi§ second example~arbroadcast signal at 1 MHz, 65 dB(uV/m), is to be protected
SNR qf 30 dB at distanees greater than 100 m from the power line. The acceptable refg

example, the distance from a given power line at which a wanted radio sighal of

noise
owing

with a
rence

noise |evel Eg is calculated as follows:
Proteqted wanted radio signal level at 1 MHz 65 dB(uV/m)
Accepltablé noise level at protected distance from line 65 — 30 = 35 dB(pV/m)
Attendation 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 Additional remarks

Most field tests to date have been carried out in the low and medium frequency thands.
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 considerat{on.

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

As in|the case of other sources of possible interference for which CISPR limits| exist,
examples of limits presented here are based on the,réquirements for the protectjon of
broadg¢ast radio reception for the large majority of radiousers under conditions prevailing at
the majority of sites during most of the time. Such values cannot cater for the few exceptional
cases|where a number of unfavourable factors coificide. The examples of limits do of ¢ourse
also grovide sufficient protection to radio reception in general. It has however not| been
checked whether this information is valid for eagh and any radio service or application.

Practice has shown that acceptable nojselevels as presented in this clause can be m¢t with
well-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 tp designs with larger condugctor sizes (for example high current-carrying capacity]). It is
considered that the methods.«0f deriving limits indicated in this clause represent| good
engingering practice and couldserve as the basis for establishing such limits.

5.7 [echnical considerations for derivation of limits for line equipment and
HVAC substations

5.7.1 General

The principle-for establishing limits of radio noise voltage for line insulators and hardwafe and
substation\plant and hardware in the I.f. and m.f. bands shall be that their contribution [to the
aggregate’noise level of a transmission line is negligible. This is applicable to AC lines whose
conductors are subjected to surface gradients of about 12 kV/cm to 24 kV/cm or higher. This
principle pre-supposes coordination between noise produced by insulators and hardware 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 currents

injectrmmmwmﬂ—m ; a are
availaple on the radiated component and therefore only the injected currents will be disqussed.
Coordjnation between the injected HF noise currents and the currents produced by line

conduftor corona applies also 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 compgare the
current generated by a complete insulator set with the aggregatedycurrent /| generatedl by a
span of one phase conductor of a line. If the current generated-by the insulator set is less
than /|, its contribution to the aggregate noise field of the ling/will'be small; if it is equal to /,
the ingrease in level due to the insulators will be approximately 3 dB; if it is greater than /,
the ndise field of the line will be determined mainly by the effect of the insulators.

If the |imit of the current of the insulator set is specified as /| /3, that is 10 dB below th¢ level
of curfent /, the increase in the field strength levelof the aggregate noise field will be[about
0,5 dB. This increase is too small to be measured:in practice.

In adIition to insulator sets, other components and hardware such as spacers, viljration
dampeérs and aircraft warning devices haye to be considered. If for any one of these types of
compgnent or hardware there are N itéms per span, the radio noise level per item shoyld not

be grgater than 1/\/N times the leyelfor the insulator set.

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 megsured
currents.

5.7.3 Current.injected by substation equipment

The eguipment/is considered as a generator of radio noise current, as indicated in [6.1 of
CISPR TR™8-1:__20. The problem consists in studying the propagation of the injected durrent

along |the line, that is, the attenuation a distortion of the guided electromagneti¢ field

n
assoclated-with-this—eurrent—Fo-do-this—meod rabysis—ts—empl

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.

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

o a—the-irerease—intheradi ' i eng o 3 e station
al tower will be approximately 3 dB but after 1 km or 2 km the additional nois€ 'clirrent,
and cgnsequently the increase in the field strength, will be insignificant.

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

a) Line components and hardware

Thie rigorous procedure is as follows: starting from the graph of the excitation functign and
thg matrix of the line capacitances (see 5.2 of CISPR TR 18-1)%21), the current / injected
pel unit length of a phase conductor is calculated. To pass from' this elemental currgnt / to
the aggregate current, generated by a span of length L, the Jaw of quadratic summajtion is

applied:
IL= L

When eventually comparing the current level generated by a complete insulator sg¢t with
the aggregate current level /|, it is advisableoto include a margin of 10 dB in order to
enpure a negligible increase in the aggregatg level of the noise field strength. The v3lue of
inqulator noise current level used in the:comparison should be the maximum obfained
under the normal range of weather cenditions for the area over which the proposegd line
will run.

For practical purposes, a simple.felationship 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 shoyld not
exteed the value given by;

I=E—27-K, indB(uA)

where
/ is in dB(uA)

E | is thepéermissible radio noise field strength level during reference weather conditions,
in dB(fV/m), at a direct distance of 20 m from the nearest conductor or the line;

K,| ds-the difference in dB between the conductor corona noise levels in the refgrence
weather conditions versus the corona noise level in weather conditions in whifh the
maximum insulator noise is generated.

The equation includes the above-mentioned margin of 10 dB.

b) 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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ere
is in dB(unA);
is the permissible radio noise field strength level during reference weather cond

itions,

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;

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.

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

conduﬁﬁﬂgh&oﬂim.mia.d&plh.&panﬂaﬂm@nﬁagmumﬂg_ﬂm_m_m
has bgen made for a margin.

At the
misma
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junction between a line and substation busbars there will usually be_anlimpe
tch. This may create standing waves of radio noise on the first few kilometres
sulting in a variation of up to = 6 dB close to the substation. This\is not take
nt in the formulae given above.

These limits are derived from the permissible radio noise field strength feratine.

The main difficulty in the practical application of this principle is to_simulate the service conditiong

bects in the laboratory. As mentioned in 6.3 of CISPR TR 18-1:__24, there is at present no agreed pr
plating in the laboratory the more common service conditions~but the matter is under consid
ile, it is proposed that measurements are made on equipment~in a situation closely related to
ns.

for individual items of plant, for example switch disconnectors, circuit breakers
I be specified in this publication as thesetitems are the responsibility of other b
er, the effect of these individual items, when in their service environment, should
ance with the limits discussed above.

6 Methods for derivation of limits for the radio noise produced
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6.1

insulator sets

General considerations

This document gives general procedures for setting up limits of the radio noise produd
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assembly is considered as being adequate. In addition, following this principle, the noise
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 und
24 und

er preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
er 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 influence of ambient weather conditions is not the same for conductors and
insula - i i e i i ferert d dry
conditjon may not guarantee acceptable values for other conditions.

This dlause intends to give, on the basis of the results of systematic radionoise tgsts in
differgnt countries on various types of insulators, guidance to take into account the effect of
the insulator surface conditions in the selection of the radio noise limits of insulator sets. The
limits pnd test procedures suggested are applicable to the cases of insulators to be ingtalled
in areas where they will remain clean or slightly polluted. For insulators in polluted condjitions,
with High humidity and formation of sparks across dry bands, only. Some indications|about
possiljle remedies are indicated.

6.2 |Insulator types

The cfiteria given in this document are mainly applicable to cap-and-pin type insulatofs, for
which|more complete information on the influence of surface conditions on the radio| noise
performance of insulators is available. Only limited\data can be found for long-rod insylators
in the|literature. However, it can be assumed that for this type of insulator, the radio| noise
problem is generally of little concern in clea® and slightly polluted conditions; for |heavy
pollutipn, 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
availaple data refers to singleXinsulator units. However, regarding dry conditiong, the
differgnce 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 alohg the
string |is determined by the string capacitances and is therefore not affected by dry polfution.
In wet| conditions, both/forclean and polluted insulators, the differences of radio noise vpltage
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 pn the
above| differencésfor insulator units are therefore on the safe side when applied [o the
insulator 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

The rgdio noise level of Insulators decreases with the increase of the relative air humidity for
all types of insulators. Figure 13 gives an example of typical trends for individual cap-ahd-pin
insulator units; for insulator strings, the influence is more pronounced, considerirlg the
favounable effect of the humidity, which linearizes the voltage distribution along‘the str|ng. In
any case, the reduction of the radio noise level with an increase of the humidity is|{much
highen for the insulators than for the conductors, for which this reduction is hegligible.

In the|presence of condensation without water drops, due to light fog or dew, the radio| noise
behavjour of a clean insulator is similar to that of the same insulaten'at very high humidity (i.e.
90 % {o 95 %).

The r3dio noise level of insulators increases in the presence of water drops on the ingulator
surface (due to rain, thick fog or dew, snow, ice). Howéver, this increase is generally|lower
than in the case of conductors (10 dB to 12 dB compared to 18 dB to 22 dB).

The rgdio 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 behgviour
as a flinction of the relative humiditysimilar to that of the same insulators in clean condjtions.
Howeyer, some types of insulators with particular characteristics, such as for high mecaanical
strength or specially designed far,very low radio noise emission in clean and dry conditions,
may gresent a different behaviour. In particular, in the case of insulators designed fgr with
very low radio noise level emissions in clean conditions, a large increase of the radio| noise
level gt relative humidityyover 50 % to 60 % was found for some of them, as shdwn in
Figurg 13.

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

In thel présence of water drops (due to rain, thick fog or dew, snow, ice) the radiol noise
behaviour of a slightly polluted insulator does not appreciably differ from that of a clean
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.

bands
extends to higher frequencies (up to few tens of megahertz) than in the other cases: thus
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 the-different areas in whigh the
insulajors 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 ingulator
washing due to rain or high and frequent/dew condensation;

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

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

Type € areas: areas in which the insulators become polluted so that the formation of partial
discharges across dfy’bands is frequent.

6.4.2 Criterion for insulators-to be installed in type A areas

For ti‘ﬁse areas, the present radio noise test on clean and dry insulators is sufficienf. The
coordination criteria apdithe margin M of 10 dB indicated in 5.7 guarantees an acceptable
radio poise performance’of the insulator sets in any atmospheric conditions. Consideripg the
great |nfluence of the“relative humidity, the test should be performed in a limited rapge of
humidjty (e.g. 507%'to 70 %).

6.4.3 Criterion for insulators to be installed in type B areas

For thpse-areas, the present test on clean and dry insulators, associated with the coordination
criteria and margins indicated in 5.7, is not in all cases sufficient to guarantee an acceptable
radio noise performance of 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
have been made to perform the test on insulators artificially polluted with slurry which
maintains_its humidification dllring the test- for Iighf pnllllfanf Iayprq this prm‘pdl re is,
howeMer, quite complex and requires very sophisticated methods of pollution application. For
these [reasons, tests on slightly polluted insulators can only be considered for ‘regearch
purposes.

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 giye any
indications of the radio noise behaviour of the insulators in wet and.polluted conditions. For
these [conditions, a specific test on artificial heavily polluted insulators should be consiflered.
It is, [however, difficult to control the radio noise level of wel’ polluted insulators, |which
depends on the design of the insulators, the type of deposit and the non-uniform distripution
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 orwashing.

6.5 Recommendations

In thg light of present experience, it is<possible to give the following recommendations
(Tablg 3) for test methods and radio noise limits to be applied to insulator sets to be ingtalled
in the [different areas defined in 6.4,

It is wlorth remembering that the:-tecommended procedure consists in tests on clean apd dry
insulator sets, both for insulators to be used in areas where they will remain clean (jype A
areas), and for those to be ‘used in areas where they will become slightly polluted (jype B
areas). The only difference is that lower limits of the radio noise voltage are requirgd for
insulajors 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; produ¢ed by
the ingulator.sets of the line is applied (M =10dB and M =18 dB, for insulators to be uged in
type A and-type B areas, respectively). The relationship between the total field strength level
E; pro i i i
inlsulator set is given by the following simplified equation (Equation (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 for
span lengths s in metres, at a length of 500 m (average values of D lie
between 10 dB and 12 dB);

C 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 dB
and 12 dB);

E; is given in dB(pV/m), and /g in dB(pA).

As an example, considering the average values given above for the parameters of the
equation, and a span length of 500 m,

Ig=E =17 in dB(uA).

Since it is used to express the radio noise current level /g, produced by a single insulajor set
in terms of the radio noise voltage level V in dB(uV) produced across a resistance of 300 Q,
the resulting voltage level Vis

V=1l +201g (300) = E, +33=E,—M+33 indB(uV)

and this relationship originates from the radio noise voltage j/imits indicated in the following
Table |3.

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

Type ¢f area where the insulator Radio noise voltage limits Test methods

wil| be installed (Clause 4) QP detectdf according to

CISPR 16-1-1
(in dB{uV) across 300 Q)

A E.+23 According to this document and
IEC 60437
E +15 (on clean and dry insulatrs)

Indications for limits and test procedures applicable to insulator$ to be
installed in type C areas cannot be given at present. Possible remgdies, in
c the case of non-acceptable radio noise levels, are: the reduction of the
voltage stress by means of longer insulator strings, or leakage paths; the
use of composite insulators; the greasing or periodic washing|of the
insulator sets.

E, = 50| % fair-weatherradio noise voltage level produced by the conductor at the direct distance of 20 m ffom the
outer phase of the line in dB(pV/m)

NOTE 1 The limits reported are applicable to lines characterized by conductor noise level close to the mpximum
admissiblédevel (voltage gradients higher than 12 kV/cm to 14 kV/cm).

For lines of special design (having particularly low conductor noise), the direct application of the limits indicated
could 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
transistor) is one of the switched valve devices in use, mainly for VSC type converter. For
convepi i i main
semicpnductor switching device. First, corona discharges on conductors, insulator§, and
hardwpre cause noise, similar to that in AC systems. This corona noise can be easily held to
accepfable levels by proper electrical design of the busbars and hardware in lthe sfation.
Second, the converter or control valves cause interference due to the rapid breakdown |of the
voltage between two main terminals during valve firing. This noise, unlike noise due to qorona,
is indeépendent of weather but is influenced by the characteristics of the-converter equipment
and by the valve operating conditions.

Witholit any suppression measures, the radio noise level from the converter or the gontrol
valveq 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 evpluation of the radio noise radiated directly by a“cenverter valve can be performed by
meang of the analytical calculation methods proposed ‘in the literature [34], [35], [36], [37].
Refergnce [34] also gives methods of calculating the high-frequency oscillations in the gtation
using pimplified equivalent circuits.

The disturbance levels shown in Figures\15 to 22 are not to be considered as {ypical
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 thellevels
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 of these groups-normally comprises six valves (thyristor valves and also mercufy arc
valvey in the past) fired cyclically at the power frequency. For obtaining higher voltages,
several bridgés) may be connected in series per pole. The bridges are connected fo the
convefter transformers on the AC side, and to the smoothing reactors on the DC side. A large
amourllt of‘auxiliary equipment is also connected on both sides of the bridge circuits.

An HVDC converter station with VSC is an emerging technology and different manufactures
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.


https://iecnorm.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 - 45—

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).

During the normal operation of LCC schemes, each valve is turned on and off once per
alternati - 1 ; power
frequgncy for a 6-pulse converter or SVC installation, and 12 times for a 12-pulse conyerter.
The aftenuation of the high-frequency currents generated by valve firing is so rapidythaf each
pulse fcan, from a radio noise standpoint, be considered fully damped before additional pulses
from ¢ther valves are injected in the system. For this reason and due to thelspread |in the
firing pngles (even that valves in different groups have the same transformer connecfions),
the tofal radio interference level generated is not significantly different from that generafed by
a sing|e valve.

The syitching times during both turn-on and turn-off are very small typically on the ordér of a
few mlicroseconds. Thyristor valves, when fired, may have arvpltage collapse time of|up to
25 us,| compared with 1 us for mercury arc valves. The reason for this is the use of| valve
reactgrs within the thyristor valve and the fact that the ‘thyristor valve is composedq of a
number of thyristors connected in series. As a consequence, the generated noisel is in
principle lower for thyristor than for mercury arc «alves. Figure 14 shows the frequency
spectra, recorded in the laboratory, of two transient phenomena of the same amplitude with
rise times of 1 us and 25 us (average values for mercury arc and thyristor alves,
respegtively).

During the normal operation of VSC scheémes, each valve is turned on and off undpr the
frequgncy of several kHz for valves of-the “switch” type and some hundred Hz for valyes 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-dff 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
convefter station. When comparing the VSC valves of the “switch” type and VSC valves|of the
“contrpllable voltage ‘'source” type, the latter emits less noise because the switching frequency
is mugh lower andithe number of IGBTs which act simultaneously is smaller [44].

During both.turn-on and turn-off of the valve, transient voltages and currents appear [in the
system aslajresult of the redistribution of the energy stored in the reactive elements bdfore a
new sieady state is reached. During turn-off, most of the energy is stored in the inducta

the transformer windmngs. Thus, the transition to the new Steady-state condattior act
essentially at the relatively low natural frequencies of the transformer and the system. During
turn-on, however, the energy to be redistributed is stored essentially in the various stray and
lumped 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.
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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
other hand, the noise is little influenced by the number of operating valves in a station. This
has al n confirm m rements in ratin nverter stations.

itchyard 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 Wil thdrefore

the converter transformers into the valve hall and using the transformer bushings as valye hall
bushings. This solution lowers the radio interference significantly because the radiating loop
betwepn valves and transformers is small as it is entirelyS located insid¢ the
magnetically screened valve hall. Additional reduction of th€.radio interferencg from
connerting lines could be achieved if for example the converter transformers woyld be
equipped with grounded electrostatic screens between the two_windings.

Oil-copled 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.

7.3 Radiated fields from valve halls
7.3.1 Frequency spectra

Examples of frequency spectra due to\difect radiation from a converter station are given in
Figurgs 15 and 16 for converter stations equipped with mercury arc and thyristor alves,
respedtively. No qualitative differenees can be 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 yalves
and their connectigns“to other equipment. The physical size of the radiating loops ig small
compa3red to the-wavelength of the noise in the range of frequencies of interest (0,15 NMIHz to
30 MHz). Therefore, the converters can, from a radiation standpoint, be treated as vrtical
electrical dipoles (with a pure capacitive radiation impedance). As a first approximatign, the
analytjcal ( equations derived from antenna theory can be used to predict the |ateral
attenqation from the valve hall.

The attenuation of the noise level is approximately proportional 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
elements in the switchyard itself. This radiation may thus become much more important than
that fr i icient to
achieye the requirements on the radiated field strength from the converter station. In guch a
Iso the radiated field strength from the switchyard shall be reduced. To do this af least
two whpys are possible. The first is to reduce the noise level coming through the-valye hall
bushings by installing filters. Another is to screen the entire switchyard electromagneticplly. If
noise [reduction within a narrow bandwidth is required, the first method is hormally adppted.
To mgke the filters more effective, they may be enclosed with the valve, hall bushings| in an
magnetically 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

Radiolinterference currents are transmitted from the converter valves both to the DC and to
the AL lines connected to the converter station. In\the case of the AC lines, the| high-
frequgncy currents are conducted through the. capacitive couplings of the corjverter
transformer windings. A grounded shield between-'windings could be used to redudge this
transfer.

The radio interference spectra due to currents injected by converter valves have a [shape
similaf to those generated by corona. An example of a noise spectrum measured ng¢ar an
HVDC] line at a short distance from a.converter station is shown in Figure 18 and in Figphre 19
for an| AC line. Figure 20 gives the“noise spectrum measured in the vicinity of the eleftrode
line, gt a distance of 1,5 km from~the same converter station operated with thyristor yalves
and mercury valves.

The radio interference _caused by the valve noise currents on the outgoing lines hag been
found [to be dominated.by the zero sequence component of the currents. The attenuafion of
this component is wery high compared to that of line-to-line modes and therefore the radio
noise |level at a~given distance from the line decreases rapidly with distance from the
conveflter statiofi. At greater distances, the line-to-line mode components will dominate|. As a
consefjuencejthe radio interference due to the valves is overridden by corona nojse at
distanges ( exceeding 5km to 10 km from the converter station. For AC lineg, the

corresponding distance is somewhat longer. As a guide, an attenuation rate for the
Iongitimhmmﬁmmm-mmmmwm&

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 capacitances and inductances of the bus connections and
equipment. If filtering were necessary even in the frequency range above 1 MHz, simple filters
can be implemented consisting of a single conductor parallel to the line whose length
corresponds to a quarter of the wavelength of the frequency to be protected. It\should,
howeVer, be noted that such filters allow for the protection of only a limited~\bgnd of
ncies.

7.5 |General criteria for stating limits
7.5.1 Overview

In thel case of HVDC converting stations, as for the radio intepference from transformer
stations, the assessment of general criteria for determining limits)shall take into accoynt the
two prppagation ways of the noise:

— direct radiation in the area around the converting station;

— prgpagation of the noise along the DC and AC lines'starting from the converting statipn.

NOTE |[In limited areas close both to the converter station, and*to outgoing lines (these areas are within | km or
2 km at/the most from the border of the converting station), there is a superposition of these two noise propagation
mecharlisms. The net effect of this superposition is difficult to predict. If it is deemed necessary to coyer 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 gtation
should be limited according to the criteria indicated in Clause 5 of this document, which| takes
into agcount an acceptable signal to noise ratio (SNR) and the statistical distribution [of the
noise |evel. To this purpose; it should be reminded that the radio noise produced by corjverter
stations is not correlated;\v'as corona noise, to the weather conditions. The reference| 80 %
value [can be derived-from a statistical distribution where the variability is determined py the
differint possible conditions of operation of the converter station (functioning as invefter or
rectifigr, firing andiextinction angles, level of the direct voltage, etc.).

In praftice,sin>the very frequent case of an HVDC converting station operating for morg than
80 % ¢f thetime at conditions close to the nominal conditions, the 80 % radio noise level will
coincige\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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line. Unless more specific information is available, the longitudinal attenuation factors
indicated in 7.4.1 can be taken as a reference.

To determine the 80 % limits of the radio noise current generated by the converter station, the
variability of the noise currents of the line (depending on weather conditions) and that of the
converter station (depending on the operating conditions; see 7.5.2) shall be taken into
account. As the variability of the intrinsic noise of the line is generally much higher than that
generated by the station, the limit for the station noise current level can be determined
conservatively comparing directly the 80 % values of the two distributions.

Based on the above indications, the 80 % value of the noise current level from the converting
statior S "80 %%-cs’ Ay be put 1 |c:qtiuuahip with-thre86-%5vatoeof- thetevetof-the :;Ilc, 1'30 %-L>

both expressed in dB, by means of the following equation.

I8O %-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 3 dB is
acgepted.

To vefify 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 longifudinal
distanpe from the border of the converting station sufficient to avoid the superposition|effect
mentigned in 7.5 (more than 1 km, e.g. at 2,5 km).
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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 tested at a voltage of 14 kV.
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Figure 14 — Example of frequency spectra of pulses with different rise times,
simulating commutation phenomena in mereury valves and in thyristor valves
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ce [36])
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Figure 19 — Example of frequency 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 22 - Frequency spectra of the radio interference recorded along a 200 kV DC line,
at 20 m from the conductor, at different distances from the converter station
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