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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

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

Part 2: Methods of measurement
and procedure for determining limits

FOREWORD

1) The|lnternational Electrotechnical Commission (IEC) is a worldwide orgamzatlo hprising
all jpational electrotechnical committees (IEC National Committees). romote
intefnational co-operation on all questions concerning standardization in he elec ields. To
this|end and in addition to other activities, IEC publishes Internation 2 ications,
Tecphnical Reports, Publicly Available Specifications (PAS) and eferred to gs “IEC
Publication(s)”). Their preparation is entrusted to technical commi D : ational €ommittee inferested
in the subject dealt with may participate in this preparatp k al, governmental and non-
governmental organizations liaising with the IEC also partigipate—i i arati IEC collaborates|closely
withl the International Organization for Standardization ith” conditions determ|ned by
agrgement between the two organizations.

2) The|formal decisions or agreements of IECG on ch >néarly as possible, an interpational
congensus of opinion on the relevant subj Since 1 _téchhical committee has representation {rom all
intefested IEC National Committees.

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

4) In drder to promote intg Natlonl Committees undertake to apply IEC Publjcations
trangparently to the maxim e i i r"national and regional publications. Any divérgence
between any IEC Publicati sp ding\national or regional publication shall be clearly indi¢ated in
the |atter

5) IEC]|itself does notprovi ¢ on of ‘conformity. Independent certification bodies provide copformity
assessment service i S access to IEC marks of conformity. IEC is not responsible [for any
serJices carried qut ification bodies.

6) All gsers sho S e latest edition of this publication.

7) No liability shall atta its’ directors, employees, servants or agents including individual expgrts and
merhbers of its ica itteés and IEC National Committees for any personal injury, property damage or
othdr damaye \of .3t e whatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
expgnsessarising, o publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications

8) Attgntion is=drawn“to the Normative references cited in this publication. Use of the referenced publicdtions is
indigpensable for the Correct application of this publication.

9) Attentlon is drawn to the p033|b|l|ty that some of the elements of this IEC Publlcatlon may be the supject of
pater - et ' '

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

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

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

DTR Report on voting

CISPR/B/494/DTR CISPR/B/502/RVC
Full information on the voting for the approval of this technical re in the
report|on voting indicated in the above table.
This téchnical report has been drafted in accordance with th
A list| of all parts of the CISPR 18 series can be found Radio
interfgrence characteristics of overhead power lines/and_high e IEC
website.
The cpmmittee has decided that the <cConte d until
the stpbility date indicated on the IEC. web thttp;//webstore.iec.ch" in the data
relateql to the specific publication. At thisdate, i
* reg¢onfirmed,

. wilhdrawn,
e re
* amended.

A bilinjgual versic@

v bé issued at a later date.
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INTRODUCTION

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

The 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 lines and substations and also to
anyone concerned with checking the radio noise performance of a line to ensure satisfactory

prote p phy n the
generation of electromagnetlc noise flelds is found in CISPR/TR 18-1. [ ps the
main 3 3 ntains
a Codp
This gecond edition of CISPR/TR 18-2 was adapted to the mgde ent of
technie i . i iti erwent thorough édition
and a P adj allow
for us¢
The C ssues
relate
The main content of this technical repo ~ . . given
below
RECO
OFK RADIO INTERFERENCE CAUSED BY
D’HIGH-VOLTAGE EQUIPMENT AND
OR DETERMINING LIMITS
The C
CONS
a) tha iption of the radio interference characteristics of overhead power lines
anf hi equipment has been published in CISPR 18-1,
b) tha s_of measurement of these characteristics need to be established,
c) thatmational authorities require guidance on the procedure for determining limits of such
racho—taterferenece-

RECOMMENDS

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

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

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

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

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

noise

The p!
VHF
knowl

Itise
intern
where

ratio selected and the expected strength of the noise field for a given line.

focedures are only valid for long and medium waves as the procedures applicg
requency-modulation broadcasting have not yet been decided,( due o insuf
bdge.

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

3

ble to
ficient

pplied
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 Sc¢ope

This p power
lines g

The fr

A gen r lines
and e bds of
meast

The cl diumx frequency bands and it is
only i ' e le. No
examy r have
been band
have not yet been fully resolved. Site n that
levels| of noise from po [ v that
interfgrence is unlikely to‘t

The vplues of limits gi > 8 ree of
protegtion to the ) s5ting eas of
the apgpropriate trap in the
least favourable con jed to

provide guidancg” a i other
specifjcations agai p uction
and dyiring its

The n should
compl PR 16,
see [1[".

2 Nprmative references

The following referenced documents are indispensable for the application 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 161:
Electromagnetic compatibility

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

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

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

CISPR/TR 18-1:2010, Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 1: Description of phenomena

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

c

ISO/IEC Guide 99, International vocabulary of metrology — Basic ts and

assoclated terms (VIM)

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

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

the ISP/IEC Guide 99 apply.

4 Measurements

4.1 Measuring instru

411 Response of 3 rated

corona noise

CISPH 2 iodically
repealed pulses, acgordi ir._re i i uency
range$ and band i i , i Hwidth
of 9 kidz.

Figurg 1ese pulses take as they progress through the various stapes of

the mg owever, in the special case of corona pulses generated by| high-
voltage a.c: , , the individual pulses are not equally spaced throughout 4 cycle
but ogcur in sely pac ed groups or bursts around the peak of the voltage wavefgrm. A
burst has aduration not exceeding 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 receiver is
unable to respond to individual pulses within a burst, which is seen as a single pulse whose
amplitude is discussed below.

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

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

To examine the response of the CISPR measuring receiver to a given burst of pulses, it
should be borne in mind that each individual pulse becomes, at the output of the amplifier of
figure 1 of pass-band 4f, a damped oscillation whose duration can be taken as approximately

2/RB there
are a |arge number of pulses distributed at random within a burst, the res illatiops will
overlap randomly and the overall quasi-peak signal will be approxig c o the
quadratic sum of the individual quasi-peak values. This statement, which is diffi prove
mathgmatically, has been well proven by experience and justifies t asj-peak
detec i noise
levels|were expressed in r.m.s. values.

4.1.2 Other measuring instruments

Meas\ nex A
althou d to in
CISPH

4.2

4.2.1

On-sit out in
accorq ssible
asses

4.2.2

4.2.2.

The rg ts are
made C 2 + 10 % but other frequencies, for example 1 MHz, may also
be usg¢d. Th L Hz (or 1 MHz) is preferred because, usually, the level of radio
noise Lhi pectrum is representative of the higher levels and also bgcause
0,5M iest 1 thedow and medium frequency broadcast bands.

Because, of the possibility 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 medarr carve tnrougn tne Tesults o a narper of Fed(]iﬂgb mnrougnout tne TTOISE Spe trum.

Measurements should be made at, or near, the following frequencies: 0,15 MHz, 0,25 MHz,
0,5 MHz, 1,0 MHz, 1,5 MHz, 3,0 MHz, 6,0 MHz, 10,15 MHz and 30 MHz although, clearly,
frequencies at which interference to the wanted noise is received, should be avoided.

4.2.2.2 Measurement antenna

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

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

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

4.2.2.3 Selection of measurement points along the pathway of the overhead
—HVpowertramrsmissiontine

To defermine the radio noise performance of a line certain positions of\Q easure should
be avpided; but these restrlctlons would not apply when an investigati toa case of

Measyrements should be made at mid-span between the towers : y everal
such positions. Measurements should not be made near poin o » iection
or intgrsect

Sites pt an abnormal height of span should be aV|de. Suri i e flat,
free from trees and bushes and remote from large al g power

and telephone lines.

Ideally the measuring site should be at adistance ination,
in order to avoid reflection effects and consequén i , oltage
distribjution lines are sometimes too short ' condition to be met. However, the
result$ of measurement € dicate, that the level of the radio nois¢ field
stren i [ esponds to’'the geometric mean of the maximum and
minimpm values, in ' of the frequency spectrum from ja line
subjegted to reflections

If the |line is trans m the

transp

ments
ne on

The a
under
either

Annex

4.2.2.4 Selection of measurement points lateral to the pathway of the overhead

"y ission li

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
transmission line it may be sufficient to consider lateral distances y in the range from 0 m to
200 m.
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In order to allow for comparison of measured lateral profiles of the radio noise fields
generated by several individual HV power transmission lines of the same type or by several
HV power transmission lines of different types it is necessary to determine a reference
distance at which the observed profile curves converge through the same indication level.
Practice proved that this is the case for a distance of 15 m taken laterally from the vertical
projection to ground of the outmost sub-conductor (i.e. the reference point) of the
transmission line concerned. That is why this 15 m distance is defined as the lateral reference
distance y, for comparison of different lateral profiles.

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

NOTE 1 In case of most of already operated conventional overhead HV power transmissi i ormalised
versiong of lateral profiles of the radio noise fields obtained in a direct distance of est conductor
convergde through the same indication level as those obtained in the new lateral : i due to

of 20 m
oltages
hditions
ine was chanded to a

the usupl height of the conductors above ground. It should however be kept i
used s@ far may prove impractical for prediction of the radio noise for i
and for|which high towers may be used. In order to allow for measureme
the CISPR reference distance of 20 m taken directly from the neares
lateral distance of 15 m, see explanation above.

When|the obtained profile of the radio noise field-is b nction of the distance| using
a logarithmic scale, a substantially straight line i ndersthese conditions, the field
at 20|m (direct distance) or simultaheo ) is readily obtained by
interpplation or extrapolation (see Figure

The height of the axis of the lowest phase
measyred at mid-span and’recorded-i e

onductors above ground shopld be

NOTE 2 ing the
emissig

4.2.3

4.2.3.

Becau s dedicated to television broadcasting vary in the colntries
around the > Si ce measurement frequency for noise in television broadcast
frequgnc ed as like noise in the a.m. sound broadcasting frequency
ranges. H er it\lIs.recommended that measurements are made at a frequency of 7p MHz
but other fre ies example 150 MHz, may also be used. These frequencies should be
selectpd since e strongly affects the video signal of broadcasting in the lower v.h.f.

bands| The \freque
frequgney bands.

y of 75 MHz (or 150 MHz) belong to these low v.h.f. broadgasting

4.2.3.2 Measurement antenna

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

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

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

The :}asults of measurement should be indicated in microvolt per
logarith

or its

mic equivalent.

If the [line is transposed, the measuring site should be located as fa 9 m the

transposition towers.

The afmospheric conditions should be approximately unifor ) i ments
under|rain conditions will be valid only if the rain extend [lea ne on

either|side of the measuring site.

Annex B gives a list of such information

4.3 |Statistical evaluation of the radio noise
When|compliance with limits is required, i opriate to use the statistical method
given | below. Further infg i ible on of

measyred data is found in

CISPR 16-4-3 describ ce of
mass-produced lia bn the
applicption of s@' vave to given the consumer an 80 % deglee of
confidence that 807¢%

a type being investigated are below the spé¢cified

radio poise limit. Th ethod(isybased,on the non-central t-distribution (sampling by variables)
and the spirit of 8 rule is interpreted for overhead lines in that thq radio
noise |level shou exceed\the limit for more than 80 % of the time with at least 80 %

confidence.

Definitionso ysand’sets of measurements:

1)

A reading-is th ult of a single measurement of the field strength level in dB(uV/m), at a
gien location, under given meteorological conditions. If the meter readings fluctuate, then
an|avefage value taken over a period of at least 10 min should be used.

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

Number of measurements:

1)

2)

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

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

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

X - X1+ Xo + X+ + X,

I

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

X X
- n-1

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

80[(%/80 % rule is satisfied.

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

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

io noise level

35

\(ﬁ\ 1,07 1,06

This fprmula, based on_a limi , is similar to that relating to a Gapissian
distribution valid for a it , the samples being represented by sets of

measyrements

In the|formula S, ; ) vith the standard deviation relating to an infinite number
of samples and k depe e required confidence (80 %/80 %) and on the number of
samples. The o\ . samples the higher the value of k becomes for any

Studigs 4dndicate that. even for a non-Gaussian distribution, the use of the above statistical
method does net introduce a significant error provided that at least 15 but preferably| 20 or
more $ets of meéasurements are used in the evaluation.

4.4 |Additional information to be given in the report

To ensure that extraneous interference is not influencing the measurement of the levels of the
line radio noise field strength it may be necessary to measure the noise levels with the line
de-energized.

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

4.5 Measurements on HV equipment in the laboratory
451 Overview

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

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

Furthermore, the selection of test conditions should be based on the following principle:
ideally, the measurements should be made with the conditions and circuit simulating, as far as
possible, actual service conditions and, if necessary, the most severe conditions likely to
occur for the type of apparatus tested. Before the establishment of a reliable method of radio
noise lcauny T—a IdUUIdLUIy, retrance—was plcu,c;u on—tire vuuayc at—wirteh |||uch on or
extinction of visual corona occurred on the test object. The voltages so dg ined were very

dependent on the observer and this method is now being replaced ratory
measurements described below.

4.5.2 State of the test object

It is W is very
depen bora S e of a
particlilar test object should consequently be clearly defi ith re ) owing
aspec}s:

a) new or already used;

b) clgan or slightly polluted; the natu

c) dry, slightly damp, or wet (for examp

d) co

Generjally, standards and normal practi i nd dry
objectp, - tk dampness, pollution) being often difficult

to achjieve. However, te
usefull since these\c
radio noise leve

When iffa itic aken into consideration, it is desirable, in order to|be as

(standardized) rain conditions may bg very
in practice and may lead to significantly higher

close al cdonditions, that the tests be performed on adequately
pollute¢d and a e_normal operating voltage.

When ject i ested in a clean and dry state, it may be wiped with a dry c|oth to
remoy I that might affect the surface.

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

4.5.3 Test area

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

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

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

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

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

— pressure: between 0,870 x10° N/m< and 1,070 x10° N/m< (870 mbar and-1 070 mbar));

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

In the| case of investigational tests, other conditions may be selected a ) e test
objectjve.

When|tests are made on a dry object, it shall be in therpral equilibfi i t area
atmosphere to avoid any condensation on the surface of t

As faf as the radio noise levels generated by a cts of
changes in atmospheric conditions, within the rence
conditjons are little known. Thus no cp ts but
the aif temperature, air pressure and relati idj i all be
recorded.

4.5.5

Figurgd 4 shows the princip ‘ icuits e radio- by the
test object flow throug i ireu] ‘ i dance
Zs and resistance R|. rrents
from flowing in Athe , any
interfgrence cu ion are
attendated by the ly the
impedpance of Z _[power
supply frequency: e, for
example the eha ich the
test o Ject asured
acros

CISP idure 5),
R, is [the equivalent resistance of R, in series with the parallel combination of R, and the
input fesistance of the measuring receiver, R,.

The test consists of taking measurements, expressed in pV (or in dB(uV)) of the pulse-type
voltages appearing across a fraction of R when a given power-frequency voltage is applied
to the object under test.

4.5.6 Practical arrangement of the test circuit

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

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

i)

4.5.7 Test circuit components

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

a)

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

As stated in item d) of 4.5.7, a value of 1 000 pF for C; should be satisfactory, which
makes an inductor in series with C; unnecessary and this part of the test circuit aperiodic.
By making the rejection filter F also aperiodic by using, for example, an inductor damped

prémises where high levels of rad|o noise can be produced, a very
uspally required (see item c) of 4.5.7).

Hi
Thie radio noise level produced by the high-voltage scti d terminations [of the

tegt circuit shall be insignificant compared easured from the test
object at the test voltage.

jh-voltage connections

High-voltage transformer T,

Thiis transformer shall provide a v vave n_consistent with the specificatipns of
IEC 60060-2.

Rdjection filter

Filter F shall have to an

uency
tuned
HCross
jive a
ing receiver. The filter impedance may be assesged by
by taking the difference in the measuring receiver readings

To| be fully effectiv
part of the te r

ld be

shall be

A coupling capacitor C5 (Figure 5) may be used in place of ZS provided that the
capacitance of Cj is at least five times greater than the capacitance to earth of the test
object and its high voltage connection. In practice, a value of 1 000 pF should be
satisfactory for Cj.

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

4.5.8 Measuring receiver connections

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

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

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

Series resistor R,

To meet the requirement of 300 Q resistance across the test object, the input resistance
R f—of the measuring receiver in parallel with R, has 10 be increased using a |series
registor R, which shall be of the high stability, non-inductive type. the casg of a
measuring receiver where R, is 50 Q, the value of R, should be 275 Q.

NQTE 1 ectrical
Mahufacturers' Association (NEMA), of the USA, in its Publication 107 (196 s i e of 150 Q
for RL Usually a S|mple conver5|on can be applled to the results obtaled s ifications.
Thip N rovided
R\ fs within the range 100 Q to 600 Q and the voltage measured acydss 0 alue.
Inductor Lg

Thiis inductor provides a low-impedance path (at (po s i , m the
measuring receiver and its associated compone e y igh flow
in [C, or Cj. At the reference measg Virequ alue of
at least 1 mH, with a low self-capacitance id )e e i ,1dB. For

safety reasons, L5 should be robust ar
Spark gap

To| reduce the possibili Isuring
reg¢eiver, the provisionof a rotec' > K gap”across L3 is recommended. This|spark
gap should preferg e e with a maximum breakdown voltage of
50D V on a power frequen ine w3 see note below).

NOITE 2 In the g i Al requency voltage appearing across the spark gap, [due for
exdmple to a failure heAi or its connections, there could be an increase in the tes} circuit
bagkground noise leve : orona discharges at the electrodes of the spark gap.

Bdlanced

Wihere the test obj is large and/or where very high voltages are involved, the meajsuring

. N\ .

reg¢e ay h be located at some distance from the base of (C,,L,) or Cj, where
Ry a 1. Under such conditions the length of co-axial cable shqwn in
Figure 6 20 m and, to reduce the possibility of the measurements|being
affected by-i nce picked up on this cable, it is recommended that the arrangement

shpwn(in'Figure 7 should be used.

Thie“bdlun or coupling transformers T, and T, should be located close to R4/R, and|to the
measuring receiver, respectively, and the connection between the transformers should be
made by means of a balanced screened cable. Short lengths of co-axial cable should be
used to connect T, to R4/R, and T3 to the measuring receiver and all these cables should
have suitable characteristic impedances to ensure correct matching.

Measuring instrumentation

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

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

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

ot contriute to
of the

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

The goupling impedance, L,C, (or C3) shall be located nea e te ' ithout
significantly disturbing the distribution of the electric field at the | ject.

4.5.10 Measurement frequency

The rgference measurement frequency is 0,5 MHz. It is reg 9 ts are
made [at a frequency of 0,5 MHz £ 10 % but ot ies, , may be
used.

4.5.11

The tgst circuit shall be arranged so as to i iol noise
level penerated by the obj ) inte i Circuit,
includ|ng the supply, or fre S reuit, shall be at a low level and, prefgrably,

at leagt 10 dB below the

With the specifi be at
least p dB below\the ed by
substifuting a simila

Backgfround noi e i i i eened
area, espeC| i i i . i are of
short [duration i liti i [ i bre  of
sufficientduration:fe ble measurement to be made and that, during the measuremnents,
the ch being

generated bhyth

Interfgrence may also result from broadcast stations which may be overcome by selegting a
measurement frequency, within the specific tolerance, which Is clear of Inierierence. Ihe use
of a resonant circuit L;C4, which is correctly tuned, as the rejection filter F, can often be most
effective in reducing background noise.

4.5.12 Calibration of the test circuit

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

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

With the settings of the generator unchanged, the test object shall be disconnected from
tht ;Iigil‘VUitdgC pdlt Uf tilb‘ tcbt bilbu;t dlld l.;l.)llllUl.;tl::l.]l do biIUVVII ;II Figulc g TiIU it Vel Of
this new reading shall also be noted and the difference between the/two is the
cirpuit attenuation A.

NOTE 1 To avoid removing Ry and R, from the test circuit during the ¢ n¢r high-

stapility, non-inductive resistors of the same value may be used.

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

Rdgsistance network factor

Le g ing considered fin this
c

Theen, if Ry = R,,,, the network facto

A

[=

Thie radio noise level

where V., Qﬂ
cofrespondin its

indicated by the measuring receivef and

NO a 3 nethod of overall calibration of the test circuit can be carried put in a
sin i i d_si wave current generator is used. This method involves an dccurate
me| t altage V, of the signal generator and the value of a 20000 Q resistpr R, in
ser LK put” Then when the signal generator, with the 20000 Q series resistor, is
cor i alleMwith\the test object a reading V, (in pV) appears on the measuring receivef which

cor

i1:;—° in A
r

Unglenthese circumstances, the radio noise level of the apparatus being tested is directly given by:

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

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

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

4.5.13 Test procedure

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

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

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

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

cuit-breakler), in

b) befween phase and earth (for example a complete insulator string i e the test
voltage is related to the system's phase voltage.

The tgst voltage of the object to be tested is usually specified in andard a C to the
type df object. In the absence of such a specification, the te Yo imes the
nominpl voltage of the system or the rated voltage o ol aratus
tested| with respect to earth). In some cases, the test'voltage\is cturer

and puirchaser at a value between 1,1 and 1,4 times thé ins : or the
rated yoltage of the equipment.

A voltage 10 % higher than the specifi under
test apd maintained for at least 5 min. 8 30 %
of theTspecified test voltage, raised in (ste f inute
and, finally, decreased in s 3 . E ately
10 % pf the specified tes{ voltage. made
and the results obtain i i ingrun should be plotted against the applied

voltagg, the curve so

When significan r in the radio noise level from a number off items
of eqyipment of thé g rements should be done on several samples| Then
the typical radio noise | be the average curve obtained when all the fesults
are taken into account. 2 ber of samples is sufficient, a level dispersion mdy also
be evpluated: pliance with limits is required, it may be appropriate to usge the
statistjcal method gi i

4.5.14 s : ations during the test

Additipnal ebservatiops may profitably be carried out at the same time as the radio| noise
measyrements, in order to locate any noise sources on the test object and assist in
establlshing the cause of possible defects. A visual observation, if necessary by means of
binoculars 1n a darkened laboratory, will enablé even extremely small poinis of corona
discharge to be located. Such observations may be confirmed by means of photographs with
long exposure times, or by means of an image amplifier. If it is impossible to darken the

laboratory sufficiently, the points of discharge may be located to some extent by an ultraviolet
detector, by ear or, preferably, by an ultrasonic detector which is much more directional.

4.5.15 Data to be given in test report

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

1) new or already used,

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

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

radlio noise characteristic);
g) ¢

]

mparison between the measured levels and any specified limi

5 Methods for derivation of limits for HV power systen

5.1 Overview

The CIISPR has for many years considered the que

stion( of limifs_of radi6 noise from ovgrhead
power| lines and high-voltage equipment_in orden to\saf i

vision)

radio radio
frequgncy bands is determined by the 'si )<NOi ; lation.
For similar subjective annoyance, the SNR 2 Based
on a Nimum
radio gignal level to be protected, min atwe cation,
effect§ of weather, etc. F rifying
compljance with limits. For ex ivi uld be
carriedl out in fair weatt ect to
statist|cal variation, It these
problems. Som@un , its of
interference from e

There given
by it s , g into
accou i iti e regulatory authority may wish to adopt. Furthermore, it is
agreedl tf meth ed on
reasomable mi i al and
econo esigns. The method should enable assessment of the effects of [power

lines gn radio.reception under any particular conditions.

Since |a.dumber of arbitrary assumptions about random parameters shall be made, whigh may
differ from actual—conditfons, andsimce economic factors shalt—atso be considered, any
recommended limits cannot assure 100 % protection to 100 % of the radio broadcast listeners
or viewers. This fact is generally accepted in standardization.

5.2 Significance of CISPR limits for power lines

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

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

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

Figure 12, which shows typical annual all-weather radio noise at 0,5 MHz cumulative
amplitude distributions for an a.c. line and a bipolar d.c. line in moderate climates, illustrates
this difference between corona noise from a.c. and d.c. lines.

Other|criteria, such as average fair-weather noise levels or possibly m fair-weather
noise |levels, could also be the basis for establishing limits for high“veltage direct qurrent
(HVD(‘) lines. FouI weather noise is normally lower (8 2 of CISP 3 ANtherefore, the

is moderate. The fair-weather noise level should always be the ba tablishing-limits for

HVDC] lines.
Regulatory authorities should keep these facts in mind w eciding ‘onmadoption of thg 80 %
level.

5.3 |[Technical considerations for derivatio
5.3.1 Basic approach

The bjasic requirement is to maintainjhg an a § SNR at the receiving installation for
satisfgctory reception of broadcast s'gn S ablishing regulations, it will he the
responsibility of the regula i e minimum radio signal strendths to

be proptected and the S a i i satisfastary reception. This publication presents
information on acceptable SNR and-gives information on minimum radio signal leyels to
be protected. It also 1 C protected signal level and the required SNR gan be
combiped with the at the direct or fateral reference distance Dy or y,, respegtively,

of the|power linet e distance". This protected distance D, represents the
minimum distance fr i equired’to protect the minimum radio broadcast signa| for a
certaip percentagé ime> kample, if the 80 % level is chosen as the basis for the
radio hoise, then thi istance will be the minimum distance from the line at|which
the minimu ' i an be received 80 % of the time with an acceptable SNR]| If the
average fai el is the basis for establishing limits, then this protected
distanpewilthbe the.minimum distance from the line at which the minimum protected |signal
level gan be.received fo % of the time during fair weather with an acceptable SNR.

It should berappreciated that at most locations the radio signal level will be higher than the
minimpni,one and that advantage can sometimes be taken of the directional properties of
certaintypes of receiving antenna to improve the SNR_On the other hand there will belcases
where the distance between the power line, or the high-voltage equipment, and the receiving
location will be less than the protected distance. On a statistical basis these factors will often
tend to balance each other in such a way as to provide adequate reception even in cases
falling within the protected distance. For those so placed who suffer interference, mitigation
techniques may be employed such as use of remote antennas or connection to a cable
systems.

5.3.2 Scope
5.3.2.1 Power systems

The radio noise limit discussed in this clause applies to the power system as a whole and not
to its individual components such as transformers, insulators, etc. The method of
measurement of the noise level of a component is discussed in 4.5, and the relation of this
level to that it would produce in a direct distance of 20 m from the nearest phase conductor
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(in case of HVAC systems) or positive conductor (in case of HVDC systems) of the overhead
power line is discussed in 6.2 of CISPR/TR 18-1.

The noise limits are based on lateral attenuation laws applicable to typical power lines and on
the appropriate CISPR measuring methods and instruments referred to in Clause 4. No well-
established data are presently available for HVAC substations or HVDC converter stations.
For simplicity, however, the same laws may be used as for lines, the reference distance 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 frg VAC ,lingls and
substations operating at voltages from 1 kV to 800 kV, and for HVDC verter
stations operating at voltages from 1 kV to £750 kV.

5.3.2.2 Frequency range

The frequency range is from 0,15 MHz to 300 MHz, coveryi e Cifi ‘m. hdcast
frequgncy bands between 0,15 MHz and 1,7 MHz and tt higte isiop .m | radio
frequgncy bands between 47 MHz and 230 MHz. ¥ 9 iS\ on to
"reasgnable" wanted signal levels of these servic oduce

negligjble interference to broadcast reception abe ince there is only limited
information on noise levels at these fre i cluded
at this|time.

The definition of "reasonable" wanted io si i i ige and
part o 2 ipns (1,
2 and|3). Regions 1 and 3/are further divi , imatic
conditjons. Figure 10 shows th ones. Within each region and zone, thdgre are
specif|c transmitter poer I i i , i - | and

adjacent channel prot

In patticular, the z and
0,5 MiHz to 1,7 MH e ITU. However, existing practices regarding minimum
signal| levels to b regarding protection ratios often differ from the|latest
recommendations i . orth America the 0,5 MHz to 1,7 MHz band is regulajed by
the North America iona padcasting Agreement (NARBA). It should be noted hefe that
some |of ih i s \result’from differences in broadcasting philosophies. In Europe, for
examples_it is i3 ave a few omnidirectional transmitters of high power to coyer an
entire|coun North~America, on the other hand, there is a multitude of individual stations,
often with highly ional antenna arrays aiming a signal at a particular city or region|of the
county. Transmitter.power is usually limited to 50 kW and protected received signal [levels
are ggnetally lower than those specified in Europe.

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

5.3.3 Minimum broadcast signal levels to be protected

Individual national authorities should determine the minimum signal levels to be protected
from power line noise related to appropriate weather conditions. For the low frequency and
medium frequency bands, the ITU [22] has recommended minimum field strengths necessary
to overcome natural noise (atmospheric noise, cosmic noise, etc.). For broadcast planning
purposes, the ITU has also recommended for information only, nominal usable field strengths.
Annex C gives recommended values for both the minimum and the nominal usable field
strengths.
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Since natural noise levels vary with time and geographical location, signal levels below these
values can sometimes be received satisfactorily and at other times unsatisfactorily,
irrespective of power line or other man-made noise.

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

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

Frequency band Minimum signal strength
Television band | 47 MHz to 68 MHz 48 dB(uV/m)
FM radio band Il 87 MHz to 108 MHz 48 dB(uV/m) (for m )
54 dB(uV/m) (f reo)
Television band Ill 174 MHz to 230 MHz 55 dB(uV/m) <\
In Nofth America, signal levels at the edge of the service broad Mstati bn are

specifled by NARBA and other standards [23 to 25]. These

It is generally accepted that when criteria for the prtec ior RV i s | and Il have been
fixed, |f.m. monoaural sound radio broadcasting ) i protected. The profection

requirements for f.m. stereo sound rad onsideration. Similarly, the
intermediate bands, such as short wave, i cted to the extend as|is the
mediu wave radio broadcast . i ain cases, there mgy be
telecommunication services requiring d ferent prot . These should be taken into agcount

by natjonal authorities when limits are

It sholild be borne in mind that|all of S imum signal levels are related to profection
againgt interference from other rad i rom natural noise. Interference from [power

line ngise has not :ee
With the widely efing \va adopted for usable signal levels for different zones jof the

world,| daytime and ' 'reasonable radio signal level" has to be established
with re elevant to/the different levels. It is inevitable that if low levgls are

adopted, radio™nois i i i i i ces of

No exaetrecommenda 1ORS—6S3 NR-have-yet-beerde i i FR-power
lines. For plannlng purposes the ITU recommend a wanted to- mterferlng signal ratio of 30 dB.
NARBA levels are based on a ratio of 26 dB.

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

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

As for a.c. lines, the technical literature [10, 11, 12, 27 and 28] contains results of a number
of investigations of the required SNR for satisfactory reception in the presence of d.c. power-
line noise. However, the number of |nvest|gat|ons is much less for d.c. lines than for a.c. lines,

and t Some
of the|investigations have shown that in the case of d.c. lines the measure be as
much jas 9 dB lower than for a.c. lines to give the same subjective impressi v other
invest|gations have seen little difference between a.c. and d.c. lines Ancies

resolved by further research, it is recommended that a.. \SNR datasbe “used by
| regulatory authorities in developing limits for d.c. lines.

5.3.4.2 Television broadcasting in the range above 30"

The rpquired SNRs for television reception are less iri 3 ¥ for audio| radio
recepfion. For the European television standard, 40 dB ptable
(the radio frequency bandwidth of the CISPR m ' ) However,
tests garried out in the United Kingdo i iti icture

showgd that this value could be re ed [ abo\ 3’ For the North Amierican
televigions standards, several 40dB for black and| white
televigion [17]. being carried out. Hurther
consig

The r¢ and to gap-type discharges may| differ
consid , e degree of interference produced on a
televigi i . ere i iplich~data available, this should be considered when
establjshi e e eptian ofstelevision radio broadcast services.

5.3.5 3 3 vise compiled during measurements in the field
5.3.5.

The ra 3 a 3 radio noise, for direct distances D between about 20 m and
100 m onductor of a line, varies in different frequency ranges angd also
depen ' iguration of the line. The following approximate values should pfrovide
satisfa :

— 0,15 MHZzto 0,4"MHz, noise level decreases as D—1.8;

— 0,4 MHz to 1,7 MHz, noise level decreases as D-1:65;

— 30 MHz to 100 MHz, noise level decreases as D-1.2;
— 100 MHz to 300 MHz, noise level decreases as D~1.0.

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

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

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

where
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,-en_average,the noise
level dg¢creases as D-1.65 close to the line (see 4.2 of CISPR/TR 18-1). For greater distances, howevef, some
measurgments have shown that it decreases as D-'1. For any distance greater than abgt 100 m, a\moeré dccurate

value fgr the noise level E, may be given by:

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

There i a degree of uncertainty as to the lateral distance beyond whict i cases,
howevdr, at distances beyond 100 m the noise level will be so low that breadcas i ed.

5.3.5.2 Normalization of measurement data to the

Whengver possible, measurements should be made hce of
20 m [direct distance) or 15 m (laterdl distan om the ente point. When this [is not
possiljle, the above formulae may be other
distan should
also b DOSesS.
In all ise of

corredtion formulae (see 5
5.3.6 Use of data o
overhe@o
5.3.6. Gener
Bened
noise

tion of
ections of line design or construction can economically be
made pilt. Once the line is in service, there are several alternative
meas\ » ich this predicted level may be verified. The choice of method
will dep - h, of time available for the measurements and on the degfee of
accur ¢

5.3.6.

For amn—a-c—powse e—the
predicted by use of an empirical formula, such as is presented in 5.2 of CISPR/TR 18-3 or
with the help of the catalogue (see Annex B of CISPR/TR 18-1). The formula is

E=3,509max* 12r—-30 in dB(uV/m)

where

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

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

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

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

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

5.3.6.3 DC power lines

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

Qr coronE\ may
fair-
E=38+16(9pnax—24)+461gr+51Ilgn+331g

where

gmax
r s the numerical value of the radi

n s the number of subconductors;

D s the numerical value of the dirfect di \ S uctor,
nm.
At given frequencies diffe ecially if a signal at a specified broadcast
frequgncy is to be prote o r ing to
the following formfla (s
-2 (log10 H2] indB

where| AE is the devi the radio noise level at the given frequency frgm the
reference frequenc z and f is the numerical value of the given frequency,
expregsed.in Whi e formula is valid over the range 0,15 MHz to 4 MHZ. This
corredtien i oy derived from a.c. lines and is also applicable to d.c. lines, until further

experience~

the 5Q % fair-weather value. In order to achieve the 80 % all-weather value, another 3 dB to
4 dB ghatild be added to the formula

It shog;ld be noted thdt the prediction formula for the radio noise level given above reprgsents

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

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

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

If tim d, the
alterngitive of making measurements in fair weather or heavy rdin (i e ' and in
fair weather (in case of d.c. lines) may be considered. This can\be adeg & ductor
coron i touti ticular

Id, for
bn the

type d
instangce,

same 3 9 should
be available; (1) under fair weather conditions, ] avy ain and (3) under all-year-
round|weather conditions. Statistical distributi e di d 4.3.4 of CISPR/TR 18-1.

NOTE below
72,5 ki

For alc. lines, the 80 % all~weathe i 50 %
fair-weather value, dependj i

For d.c. lines, the 80 o fair-
weathpr value. Q

Fair-w nd at
differs as a
refere entioned above. From the curves the all-weather 80 %] value

can th
distrib

ccess of this method is dependent on the reliability pf the

Since|the radio“\noise level due to conductor corona is relatively stable and reproducible
during se measurements are not required to be taken at separate times| Foul-
weathpr measurements at a.c. lines should also be made at various locations along thg line.
For ale.dines, the 50 % steady, heavy, rain level is deduced from the results pf the
measUTEMentS and USed as a Teference i the set of distribution curves to assess the 80 %
all-weather level. Here also the success of the method is dependent on the reliability of the
distribution curves, although it is considered that the assessment of the 80 % all-weather
value from the heavy-rain measurements is more reliable than the assessment from the fair-
weather measurements. In general, the 80 % all-weather level is about 5 dB to 12 dB lower
than the 50 % steady, heavy, rain level.

5.4.4 Alternative criteria for an acceptable noise level

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

Radio reception

5.5.1.1 General

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

could be calculated.

It sholild 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. Th change with
distance and should not be used for distances materially beyond those & i thip sub-
clausg.

Furthgrmore, it should be remembered that radio-noise is ge r at a
frequgncy of 0,5 MHz. If a signal at a specified broadcast frequenc d, the
measured values should be corrected for the given .2 and
Figurd B.14 of CISPR/TR 18-1. For example, at 1 MHz dB to

6 dB |

5.5.1.

There
and 1

— the minimum wanted radio signal |
— the minimum acceptab i
— the reference nois

— thg "protectta
cap be satisfactorily

bwer.

p Principle

are four parameters involved in
b):

during

signal

If any|three of thése pa mples
will dgmonstra

5.5.1.3

If the [value~a i evel at the direct or the lateral reference distance, the profected
signal|level and gquired SNR are all known, the protected distance from the power line
for satisfactory radio“reception in the low and medium frequency bands may be calculated

from t

where

neformula given in Annex F:

ﬁ.ﬂy?,
K

11

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)
Ep = Sp - Rp is the acceptable noise level at Dp, in dB(uV/m);
Rp is the required signal-to-noise ratio (SNR), in dB;
Sp is the protected wanted radio signal level, in dB(uV/m).
Ep depends on Ej and Dp according to the attenuation formula given above:
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E, = Eo— kg (D,/20) in dB(uV/m)

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

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

As an example, the distance from a given power line at which a wanted radio signal of
72 dB(uV/m) at 1 MHz may be received with a SNR of 35 dB is required. The line noise
measured by the standard CISPR method is found to be 50 dB(uV/m). The following
calculation is made:

Protedted wanted radio signal level at 1 MHz
Requifed signal-to-noise ratio (SNR)

Acceptable noise level at protected distance from line

Measured noise level at the lateral or direct reference
distange, at 0,5 MHz

Noise[level at 1 MHz
(The g dB correction comes from Figure B.12 of

1)

Protegted distance

=]
~

(44+35—72 )
—+13
D, =10t %

There enearest conductor of the line.

5.5.1.4
In thig a ; - nal ‘at 1 MHz, 65 dB(uV/m), is to be protected jwith a
SNR q g 3 00 m from the power line. The acceptable refg¢rence

noise

65 dB(uV/m)
Acceptable noise 65 — 30 = 35 dB(uV/m)

Atteny
33 Igﬂ =23 dB
20

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

reference frequency (0,5 MHz) 58 + 6 = 64 dB(uV/m)
(The 6 dB correction comes from Figure B.12 of
CISPR/TR 18-1.)

5.5.2 Television reception, 47 MHz to 230 MHz

This is under consideration. Insufficient information is presently available to permit
presentation of meaningful examples.
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5.6 Additional remarks

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

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

As in|the case of other sources of possible interference for which limits)| exist,
examples of limits presented here are based on the requirements A on of
broadg¢ast radio reception for the large majority of listeners or vié jitions
prevailing at the majority of sites during most of the time. Such valués g€annot\ca e few

excepfional cases where a number of unfavourable factors coinci

Practice has shown that acceptable noise levels as prese in_thi use can be met with
well-maintained power lines of adequate design and con c considerablly low
noise [levels are found on many operational lines whg ' ef than radio| noise
lead tp designs with larger conductor sizes (for exa rrying capacity). It is
consmered that the methods of denvmg I|m| S\ i clause represent| good
engin pch limits.

5.7 i i i i o its for_ line equipment and

The pfinciple for establishing i jiosnoise voltage for line insulators and hardwafe and
substation plant and hardware. i R F-bands shall be that their contribution|to the
aggregate noise level 0 ission line isynegligible. This is applicable to a.c. lines whose
condutors are Subjecte adients of about 12 kV/cm to 24 kV/cm or higher. This

the orle hand and noise p odced pby\life conductor corona on the other hand. For other a.c.

lines, c e noise voltage for line equipment shall be at lefpst as
low a i e rfornequipment used on lines with a surface gradient of [about
12 kV/cm. This princi i icable to d.c. lines but no figures of gradient are quoted jas the
relations en‘congductor corona noise and noise produced by insulators and harndware

is not| we b ishe ee 8.2 of CISPR/TR 18-1) the corona noise being higher |in dry
weathpr and i eather. Subclause 4.5 of this technical report describes the CISPR
meth q easurement in the laboratory. Subclause 6.2 of CISPR/TR 18-1| gives
the c rrelation betw i i i [ i t, due

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

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

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

If the limit of the current of the insulator set is specified as / /3, that is 10 dB below the level
of current /, the increase in the field strength level of the aggregate noise field will be about
0,5 dB_This increase is too small to be measured in practice.

In adIition to insulator sets, other components and hardware such a 1Sy, viljration
dampers and aircraft warning devices have to be considered. If for 3 pes of
compgnent or hardware there are N items per span the radio noise Id not
be grdater than 1/\/ﬁtimes the level for the insulator set.

The aggregate radio noise current per span from all thes hould,
according to experience, be determined by quadratic asured
currents.

5.7.3

The equipment is considered as a genera i , indi in 6.2 of
CISPR/TR 18-1. [ i i inj urrent
along|the line, that is, i i i¢ field
assoclated with this current, To do this) mo is

A subgtation normally d line each with one or more circuils. For

e circuits, it is necessary to know ng¢t only
dance of the substation equipment, consisting

the impedance ofall
of bugbars, me ners, capacitors, cables, etc., as seen from the
apparatus acting A g Y The current in the circuit under consideration canp then

be calgulated.

determination of the c

For tHe wors ) 3 dance of the substation equipment could be assumed|to be
infinite. Then\for N pi apparatus, each producing the same value of noise currgnt /,
and fgr n’outgoing 'rcmts the current injected into a circuit is

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

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

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

a) Line components and hardware

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

L= L

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

For practical purposes, a simple relationship can be derived from the formula (6) given in
6.7.2. 7 of CISPR/TR 18-T. The current level T from a single insula set should not
exgeed the value given by:

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

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

~

K,| is the difference in dB between the condu ével in the reference
weather conditions and that in weather hich the maximum ingulator
noise is generated.

Thle formula includes the above-menti

b) Substation plant and hardware
Thie total current level Kinj int . substation should not exceed the| value

giyen by:

where

I |is in dB(nA);

E | is the pernissible i i itions,
in dB( ‘ C line,
deriv ‘

K, is erence
wes iti station
noise e i

This fprmala“is derived from formula (4) given in 6.2.2.2 of CISPR/TR 18-1 for a conductor
height A°0f 15 m and a depth of penetration into the ground Pg of 7 m. No provision hag been
made foramargim:

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

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

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

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

6.1 General considerations

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

The general principle for this coordination is to design the insulator sets in such a way that
their notsecomntributiomtotheoverattmoiseof thetimeorof the—substatiomisregtigibie fpr any
surface condition of the insulators. In this respect, a difference of 10 dB tween,thg radio
noise |current produced by one span of one phase conductor and that of one) ingulator
assembly is considered as being adequate. In addition, following thi inci noise
current injected into the outgoing lines by the insulator assemblies uld not
increase the intrinsic noise of these lines. To limit any increase of 3 dB,
the rafio noise current produced by each insulator assembly wjthi < atiory shoyld not

exceef the value Iy =/ n/\/ﬁ where [ is the line condug oisexcurrent at the substation
side, 1 i substation

The a nductors
is clog Areater
than 1 ic and
it coul i C e insulator sets prevails in réspect
to the S thi inTit for the radio noise curfent of
each i of the
line.

Accor q ; e verification of the radio noise lgvel of
the in t ma with~reference to only a standard and reproducible
condit

Since s and
insula 1oi i ators established considering only the clean apd dry
condit

This glause in i the basis of the results of systematic radio noise tgsts in
differg ies ba_various types of insulators, guidance to take into account the effect of
the in ace 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 installed
in areas where theywill remain clean or slightly polluted. For insulators in polluted conditions,
with high, humidity and formation of sparks across dry bands, only some indications|about
possiljlesremedies are indicated.

6.2 Insulator types

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

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

6.3 Influence of insulator surface conditions
6.3.1 General

The analysis of the radio noise behaviour of the insulators in respect of the surface conditions
is made with reference to the following classification:

clean,

— clgan insulators: it is an ideal condition in which the insulators rer
i rt and

clgse to the situation of the present laboratory test according to
IEC 60437;

— slightly polluted insulators: no important dry-bands are presenti itions; it|is the
mq@st common situation in relatively clean areas after a ¢ i i

— polluted insulators: dry bands are present in wet conditi R i ion i ice in
polluted areas of various pollution severities. \

The apalysis of the data confirms that it is very diffi i i bn the
effects of surface conditions, due to the great d ¢ , i en the
insulajors are slightly polluted, and d ‘ iC i pes of
insulators.

Even |with these limitations, erage
quantitative estimations.

The fpllowing general i ion Yol ) [ d pin
insulajors.

6.3.2

The radio noise | iqity for
all types of in ) vés an example of typical trends for individual cap-ahd-pin
insulafor units; ins rings the influence is more pronounced, considerirlg the
favourlable.effe Re humidity, which linearizes the voltage distribution along the strjng. In
any casé ¢ {Ueti the radio noise level with an increase of the humidity is| much

higher

In the|presence of tondensation without water drops, due to light fog or dew, the radio| noise
behavjolr of a clean insulator is similar to that of the same insulator at very high humidity (i.e.
90 % teo-86-%-

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

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

6.3.3 Slightly polluted insulators

Under slightly polluted conditions, the majority of insulator types show radio noise behaviour,
as a function of the relative air humidity, similar to that of the same insulators in clean
conditions. However, some types of insulators with particular characteristics, such as high
mechanical performances or especially designed for very low radio noise in clean and dry
conditions, may present a different behaviour. As regards in particular the insulators with very
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low radio noise levels in clean conditions, a great increase of the radio noise level at relative
air humidity greater than 50 % to 60 % was found for some of them, as shown by Figure 13.

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

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

insulat

or.

As in
insula

6.3.4

For rqg
insula

For h

of th
reme
insula
insula

In the

the case of clean iInsulators, the radio noise frequency spectrum slightly p

ors is similar to that of the conductor.

Polluted insulators

blluted

blluted

gher humidity or in case of condensation harge
phenomenon across dry bands produces very high ng ted to
those [found in clean or slightly polluted conditions; (the tically
reducing the voltage stress (increase in_an unre gth or
leakage path in respect of that pecial
ies, corresponding to limiting th pecial
ors (composite insulators, semico ing of
ors.
presence of water drops_o ins in; thick fog and dew) the critical sixation
the beginning, e i eavily polluted: here the predominant

is at
pheno
intens

The fn
extend
freque

6.4

6.4.1

ty of the rain, fog
tends o that of 0

nds. After a certain time, depending

ion can be disturbed.

On the¢ basis of the considerations of the previous clauses the criteria for setting up lim

testing

tHe’ insulators shall be established with reference to the different areas in whi

bn the

ape of the insulator, the radio noise behfaviour

bands

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

its and
h the

insula

Ors dre to be Installed. Inese areas are.

Type A areas: areas where the insulators remain clean: they are generally characterized by
the absence of contaminating phenomena and frequent natural insulator

washing due to rain or high and frequent dew condensation;

Type B areas: areas where the insulators become slightly polluted: they are ge
characterized by low-intensity contaminating phenomena and by cleaning

agents such as rain or heavy dew condensation that limit the conta
accumulation on the insulator surface so that the formation of
discharges across dry bands appears very seldom;

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

discharges across dry bands is frequent.

nerally

minant
partial

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

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

6.4.3 Criterion for insulators to be installed in type B areas

For these area the present test on clean and dry insulators, associated with the coordination
criteria and margins indicated in 6.1, is not sufficient to guarantee in all cases an acce table
radio |noise performance of the msulator sets in any atmospheric co i in fact, as
reported in 6.3, in the case of very high humidity or condensation, a 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 maintai d dry
insulajors which has been defined (see this technical report a d IEC erform
and wgll reproducible, but to adopt a greater safety margin ’ 9 g to be
installed in type A areas.

This pgrocedure could be too conservative for many/insula i ice of
the most appropriate additional safety margin shauld 3 i i ing into
account the reciprocal radio noise behauvi i i i urface
and ambient conditions and the frequency & iti inefunder

consideration. As guidance, considering i i with
reference to an average moderate climat iti i dB in
total) $hould be adequate for high-voltage lj

NOTE |The possibility of introducing\an/alternati ptors at
high humidity (75 % to 90 % € i mended because it requires a new test prpcedure
to be get up, which is difficult and_expensive. is, i ) difficult to obtain in the laboratory a reprqducible
pollutiop layer duplicating the natdral 'ght pollution taking into account the fact that the radio noise level depends
on the {listribution of the i C ; incaddition, ibwould be necessary to perform the test in a climatic room,
in ordell to maintain‘t elati e ed range. Some attempts have been made to perform fthe test
on insulators artificia ol i urry \whichy, maintains its humidification during the test: for light pollutant
layers, this procedure is; , g aplex/and requires very sophisticated methods of pollution appl|ication.

For thege reasons, tests\o i insulators can only be considered for research purposes.

6.4.4

For these § present radio noise test on clean and dry insulators does not give any
indicatio adi e behaviour of the insulators in wet and polluted conditions. For

these [conditions{'a specific test on artificial heavily polluted insulators should be consifered.
It is, lhoweyer; difficylt to control the radio noise level of wet polluted insulators, |which
depends an,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 or washing.

6.5 Recommendations

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

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

E;=Ilg+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
pojnt (in the most common case, for a relative long line, A = -6 dB);

(D - 10 Ig (s/500)) takes into account the aggregation of the noise saurce along{the line for

sppan lengths s in metres, at a length of 500 m (average values of/D-\lie between™0 dB and
12|dB);
C is the field factor that gives the correlation between the lev g noise field strength

and the noise current (at a direct distance of 20m fro average line

copfiguration, C lies between 7 dB and 12 dB);
is given in dB(uV/m), and /g in dB(nA).

As an|example, considering the average values given aboye forthe parameters of the fgrmula,
and alspan length of 500 m,

Sincel it is used to express the radio npise curreht.le <, produced by a single insulator set
in terms of the radio noisevoltage leve % produced across a resistance of 300 Q,

the regulting voltage leve

and this relation@ i ‘ adio noise voltage limits indicated in the following
Table|3.
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Table 3 - Recommendations for the radio noise voltage limits and for the test methods
for insulator sets installed in different areas

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

Radio noise voltage limits

QP detector according to
CISPR 16-1-1

(in dB(nV) across 300 Q)

Test methods

A E +23 According to this technical report
and IEC 60437
B E +15 (on clean and dry insulators)
Indications for limits and test procedures applicable to insulators to be
mstatted i typeCareas canmot be giverm at present. PossibteTemyadies, in
c the case of non-acceptable radio noise levels, reduction] of the
voltage stress by means of longer insulator stri agepaths; the
use of composite insulators; the greasing 'c washing| of the
insulator sets.
E_ = 50| % fair-weather radio noise voltage level produced by the conductor at the distanc of\x\y?from the
outer phase of the line in dB(uV/m)
NOTE 1 The limits reported are applicable to lines characterized by co Bximum
admissible level (voltage gradients higher than 12 kV/cm to 14 kV/cm).
For linds of special design (having particularly low conductor n0| irldicated
could I¢ad to uneconomical requirements for the insulators; to glso per
these lines provided that if E. is intended not as the conductor noige he one
producgd by the conductors of a line of the same category normal
conducfor design.
NOTE 3 The values apply to line insulators; similarxapproaches canibe appli respect
to the njoise in the substation itself and the noise cond i
7 Madgthods for derivation of r
stdtions and simila
7.1 |[General consid
There| are principally verter
stations and simila $VCs),
incorp Jators,
and h easily
held t in the
statio:l;. rapid
break , lunlike
noise of the
conver
Witho ontrol
valves—< gptable

value W|th approprlate methods I|ke those |nd|cated in 7 3. 3 and 7.4.2. 7

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

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

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

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

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

During the normal operation of such schemes, each valve is tdrned. o inlevery
cycle ‘ of the

power Fpulse
conve rapid
that ¢ before
additiq to the
ormer
conne [ferent
from t
The s order

of a fg have a voltage collapse timg of up
to 25|us, compared wit c s. The reason for this is the dse of
damping circuits withi ¢ fact that the thyristor valve is compopged of

a nunpber of thyristors S i es.~As“a consequence the generated noisg is in
principle lower f yri 3 \ercury arc valves. Figure 14 shows the frequency
spectna, record 3 ansient phenomena of the same amplitude with

rise t
respe

values for mercury arc and thyristor \alves,

During off of the valve, transient voltages and currents appear|in the
systern fxthe ribution of the energy stored in the reactive elements bdfore a
new sjez k ed. During turn-off, most of the energy is stored in the inductapce of

hieved
During
y and
ectrum

y
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 well able to act as efficient radiators.
The converter station will be, of course, connected to incoming and outgoing a.c. and d.c.
circuits and these may consist of overhead lines. The radio noise will be guided and emitted
from such overhead lines.

7.2.2 Influence of station design on radio interference

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

The switchyard layout and the height and length of the busbars have also a great influence on
the generated disturbance. A compact design of the switchyard will therefore have favourable
effects on the radio noise generation. A practical solution consists of moving the converter
transformers into the valve hall and using the transformer bushings as valve hall bushings.
This i i0 | ignifi iati tween
valve ctromagnetically

’ \ could
be achieved if the converter transformers were built with grounded ele reens
betwegn the two windings.

and transformers is small as it is entirely located inside the /ele

Oil-copled thyristor valves will require a metallic tank. In this <case; th g_circuits will be
effectively screened electromagnetically, and the in 5 ill be
significantly reduced.
7.3 |Radiated fields from valve halls
7.3.1 Frequency spectra
Examples of frequency spectra due to di adiati ( ven in
Figurgs 15 and 16 for converter stations ' \ alves,
respectively. No qualitative differenc 3 pectra
generated by mercury arc and thyristor\val
7.3.2 Lateral attenuation

valves

ipment. The physical size of the radiating| loops
is smgll compared”toe the noise in the range of frequencies of interest
(0,15 MHz to 30 MH onverters can, from a radiation standpoint, be tfeated
as vertical electrica i ith/a pure capacitive radiation impedance). As a first
approximatio al formulae derived from the antenna theory can be used to predict

The interference frem
and their conne

The aftenuati o} ise level is approximately proportional to the inverse of the sqyare of
the digtance frequencies up to 1 MHz and becomes proportional to the inverse jof the
distange for<highérfrequencies (>10 MHz).

The attenuation of the radio_interference levels calculated as a function of the distahce 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.

Metallic screens having a high conductivity, and preferably also high permeability, in the form
of either solid plates or wire mesh, are generally used in the walls and ceiling of the valve hall
to provide the electromagnetic shielding. Together with the wire-mesh ground grid embedded
in the floor, they form a Faraday cage around the valves. By taking appropriate precautions to
ensure good contact between different sections forming this Faraday cage, the radiated


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

TR CISPR 18-2 © IEC:2010(E) - 45—

interference can be attenuated by 40 dB to 60 dB. Any discontinuities, gaps or holes in the
shielded enclosure will naturally reduce the attenuation.

The connections between the valves and the a.c. and d.c. sections of the outdoor switchyard
provide a conductive coupling resulting in a radiation from the busbars and the various
elements in the switchyard itself. This radiation may thus become much more important than
that from the valve hall and thus the screening of the valve hall may not be sufficient to
achieve the requirements on the radiated field strength from the converter station. In such a
case also the radiated field strength from the switchyard shall be reduced. To do this at least
two ways are possible. The first is to reduce the noise level coming through the valve hall

magnetically screened building adjacent to the valve hall.

7.4 |Conducted interference along the transmission lines

7.4.1

Radio . and to
the alc. high-
freque verter
transf e this
transfér.

The radio interference spectra due to currents S shape
simila ar the
HVDC igure 19
for an|a.c. line. Figure 20 asured in the vicinity of the eleftrode

line, 4t a distance of 1,
and mlercury valves.

ar station operated with thyristor yalves

The radio interferéncescaused b 3 oise currents on the outgoing lines hag been
found|to be do quence component of the currents. The attenuation of
this component is“ve i¢ ' e that of line-to-line modes and therefore thg radio
noise [level at a gQive i the line decreases rapidly with distance from the
conve ig > g, the line-to-line mode components will dominatel As a
conse i erence due to the valves is overridden by corona ndise at

distang G \D 10 km from the converter station. For a.c. line$, the

longitudi )f the radio noise equal to about 4 dB/km can be assumed [13], [14],([44].

Resul ent of the frequency spectra along a d.c. transmission line at different
distanges 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 8.2 of
CISPR/TR 18-1.

7.4.2 Reduction of the interference conducted along the transmission lines

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

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

7.5 General criteria for stating limits
7.51 Overview

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

— direct radiation in the area around the converting station;

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

NOTE |[In limited areas close both to the converter station and to outgomg lines S vithi or two
kilometfes at the most from the border of the converting station), there is a iti a ways of
noise pyopagation. The effect of this superposition is difficult to be predicted\ If it is“de e b cover
this asgect, an additional margin could be added to the limit for the radi i

7.5.2 Direct radiation

The radiated field strength at a reference d|st station
shoulq be limited according to the critéri [ fthis technical report,|which
takes [into account an acceptable signal to hois i0,(SNR) and the statistical distribution of
the nogise level. To this purpose, i . the radio noise produded by
conveflter stations is not correlated, as corona n' e weather conditions. The refgrence
80 % Yalue can be derived from a stati ibuti here the variability is determined by
the different possible conditions 0 onverter station (functioning as irjverter
or recfifier, firing and extinction™q , rect voltage, etc.).

In pragtice, in the~ver freque VDC converting station operating for morg than
80 % pf the tim iti emominal conditions, the 80 % radio noise leyel will

coincifle with that o

7.5.3

The bpsic criterion™i f ontribution of the radio noise current due to the operation of
the conyerti i in each line, d.c. and a.c., connected to the station, shgll not
substgntially i he jntrinsic noise level of the line beyond a given distance frgm the
statio shuld be determined considering the type of area crossed by the line

(rural reas,.resid al area, etc.). To keep this increase within 3 dB at the above-mentioned
distange, the' noise Current level arriving in that point from the converting station sholild be
around<}0.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 a.c. side or on the d.c.
side of the station divided by the number of a.c. and d.c. lines, respectively, diminished
according to the expected longitudinal attenuation from its injection point to the point of
observation at the line. Unless more specific information is available, the longitudinal
attenuation factors indicated in 7.4.1 can be taken as a reference.

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

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

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

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

NOTE |To verify that the radio interference level at a given lateral distance from the line complies with the ¢riterion
indicatq of the
convert m).

5
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