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INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

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

Part 3: Code of practice for minimizing
the generation of radio noise

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide orgamzatlo gmprising
all national electrotechnical committees (IEC National Committees). is to promote
international co-operation on all questions concerning standardization in he elec onic fields. To

this end and in addition to other activities, IEC publishes Internation al” Specifications,
Technical Reports, Publicly Available Specifications (PAS) and eferred to as “IEC
Publication(s)”). Their preparatlon is entrusted to technlcal commi D : ational €ommittee interested

k al, governmental and non-

governmental organizations liaising with the IEC also partilpat i i arati IEC collaborates closely
with the International Organization for Standardization ith” conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEG on ch >né€arly as possible, an international
consensus of opinion on the relevant subj SinCe \_techhical committee has representation from all

interested IEC National Committees.

IEC Publications have the form of recommendations fo ernational use and are accepted by IEC National
Committees in that sense. While all reasonable orts are made/to ensure that the technical content of IEC
Publications is accurate, ¢ e nsible\forvthe way in which they are used or for any
misinterpretation by any end

transparently to the maxim national and regional publications. Any divergence
between any IEC Publica sp ding\national or regional publication shall be clearly indicated in
the latter

IEC itself does notprovi ¢ on of ‘conformity. Independent certification bodies provide conformity
assessment service i S access to IEC marks of conformity. IEC is not responsible for any

services carried qut ification bodies.

All users sho S e latest edition of this publication.

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

Publications:

Attention is drawn~to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

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

CISPR 18-3, 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 18-3 only covered recommendations for minimizing the
generation of radio noise emanating from high-voltage (HV) power systems, this second
edition now also covers a new clause providing formulae for predetermination of the radio
noise field strength levels from HV overhead power lines with large conductor bundles.
Furthermore, Annex A was accomplished with a collation of predetermination formulae
developed and used by several institutions around the world. The tables also contain typical
examples of radio noise field strength levels obtained during some measurements campaigns
at several HV overhead power line constructions.

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

DTR Report on voting
CISPR/B/495/DTR CISPR/B/503/RVC

Full information on the voting for the approval of this techni rt\can_be found in the

report on voting indicated in the above table.

This technical report has been drafted in accordance wijth ctives, Part 2.

A list of all parts of the CISPR 18 series can_ _he found, e general title Radio
interference characteristics of overheaag aha h/@ voltage equipment, on the IEC
website

The committee has decided that the co publication will remain unchanged until
the stability date |nd|cated on the | C "http://webstore.iec.ch” in the data

* reconfirmed,
* withdrawn,
+ replaced by
*+ amended.

A bilingual versi nay be issued at a later date.
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INTRODUCTION

This technical report forms the third 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 minimizing the generation of radio noise
emanating from high-voltage (HV) power systems which include, but are not restricted to,
HVAC or HVDC overhead power lines, HVAC substations and HVDC converter stations,
hardware, etc., in order to promoting protection of radio reception.

The recommendations given in this part 3 of the CISPR 18 series are intended to be a useful
aid to engineers involved in design, erection and maintenance of overhead lines and HV
stations and also to anyone concerned with checking the radio noise performance of a line to
ensure satisfactory protection of radio reception. Information on the physical phenomena

power systems.

This second edition of CISPR 18-3 was adapted to
technical reports issued by IEC. The first edition of

THE GENERATION OF RADIO NOISE

CODE 0®A

The CISPR

CONSIDERIN

a) that electromagnetic energy from overhead power lines causes
interference 1d television broadcasting,

b) that the lev noise may be reduced by the design and lay-out of a line,

c) that when defects cause unusually high levels of interference there is need to detect and
locate these faults,

RECOMMENDS

That the latest edition of CISPR Publication 18-3, including amendments, be used as guide
for minimizing the generation of radio noise caused by overhead power lines.

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.

This CISPR/TR 18-3 forms a "Code of Practice" to reduce to a minimum the production of
radio noise by power lines and equipment.
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It provides information which is advisable to follow both when designing various fittings and
components and when stringing the conductors and installing the hardware of the line.

It also describes methods of detecting and locating defects resulting in unusually high
interference levels, and provides prevention and correction procedures that are generally
simple to implement.

Lastly, this Part 3 provides formulae for predicting the most probable radio noise field of a line
for various weather conditions, insofar as radio noise is caused by conductor corona.

@%
S



-8- TR CISPR 18-3 © IEC:2010(E)

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

Part 3: Code of practice for minimizing
the generation of radio noise

1 Scope

This part of CISPR 18, which is a technical report, applies to radio nois
lines and high-voltage equipment which may cause interference to
the fields from power line carrier signals.

The frequency range covered is 0,15 MHz to 300 MHz.

2 Normative references

The following referenced documents are indispe f application of this document.
For dated references, only the edition(cited apgplie eferences, the latest edition

IEC 60050-161, International
Electromagnetic compatibili

abulary (IEV) —  Chapter 161:

CISPR/TR 18-2:2 2 e, characteristics of overhead power lines and high-
voltage equipment = b 5d's measurement and procedure for determining limits

3 Terms and definitions

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

4 Practical design of overhead power lines and associated equipment
in order to control interference to radio broadcast sound and television
reception

4.1 Overview

This clause provides guidance on the techniques that may be applied during the design,
construction and operation of high voltage overhead power lines and associated equipment in
order to keep the various types of radio noise described in this publication within acceptable
levels.
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4.2 Corona on conductors

During line design, consideration should be given to the geometric parameters of the line, in
order to ensure that radio noise due to conductor corona will not exceed a specified
acceptable level. The most important parameters are conductor diameter and number of
conductors per phase. Others that could be varied, such as distance between phases, height
of conductors above ground or spacing of sub-conductors in the bundle, have a smaller effect.
In practice they are usually determined by mechanical or insulation requirements.

The quantitative laws that determine the level of radio noise caused by conductor corona are
discussed in 4.3 of CISPR/TR 18-1, and in Clause 7 below. These laws normally apply to both
stranded and smooth conductors, since the surface unevenness caused by stranding does not,
in general, substantially change the noise level, especially when conductg e damp or wet.

objects during stringing. It is also advisable to avoid exte
protection during transportation and tensioning; when the

controlled. Appropriate shapes and
in order to avoid points of high voltage

It is also important that the
protective galvan ooth, par’ucularly at points of maximum voltage

gradient.

otrusions on the clamps. The type and dimensions of the guard
S such a way that they do not themselves produce radio noise. For

example, the 9

the diameter of tt bes orming guard rings should be sufficiently large to ensure that no corona

occurs during rain.

Present knowledge seems to indicate, however, that it may be relatively difficult to design
guard rings suitable for rainy conditions, even if they are made of multiple tubes. In which
case, it may be necessary to devise special arrangements for the yoke so that the string is
screened directly by the conductor bundle and is protected from power arcs by suitable
devices on the sub-conductors of the bundle.

As in the case of conductors, it is important to avoid damage to the hardware during
manufacture, transportation, construction and maintenance by handling them with great care
at all times.

4.4 Surface discharges on insulators
4.41 Clean or slightly polluted insulators

The radio noise produced by these insulators under dry conditions can be controlled by:
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— the use of insulators of suitable design, especially as regards their geometry and the
characteristics of the material at the more critical areas, or

— the use of guard devices designed to improve the distribution of voltage on the surface of
the insulator or along the insulator string.

In insulator design, the use of conducting glaze, for example, improves the distribution of the
surface voltage gradient on the insulator. In the design of a guard device, a metal ring as
close as possible to the insulator, or to at least the first two or three insulators at the line end
of an insulator string, may considerably improve the voltage distribution on the insulator or
along the insulator string and reduce radio noise. The ring, however, shall remain compatible
with other requirements such as insulation withstand, protection of the insulators from power
arcs, screening of the clamps, etc. (see 4.3).

The radio noise produced in damp weather, fog or rain is usually more difficult to control than
the noise under dry conditions. It is, however, seldom a critical facto i since the
increase in noise due to water droplets on the insulators is usuaf i
corresponding increase in noise produced by the conductors.

4.4.2 Very polluted insulators

Under dry conditions, in addition to the phenomena onva clean insulator,

other phenomena of the corona type may occur du € evenness created by
pollution deposits, as mentioned in 6.1 of CI R hese conditions even
careful design of the various parts o of litfle benefit. Stress control
devices suitable for improving the vof insdlator or along the insulator

When the polluted insulator surface is\wet{Tadio noise is>generated by sparks across the dry
bands, created by the leaka ts) as d i 6.1 of CISPR/TR 18-1. Occasionally,

ents may affect both sound and television

a) diminishing 3 i ne insulator — for example by using a longer surface
creepage path is e or efectrical withstand;

such as those made of organic material or coated with
s with a longer creepage path such as fog type units,

Remedial measuresfor eliminating or reducing these types of radio noise are described in
Clause 5 below and in 8.4 of CISPR/TR 18-1 respectively.

4.6 Defects on power lines and associated equipment in service

Even if all possible precautions have been taken during design and construction of a power
line or substation to keep radio noise within acceptable limits, defects may occasionally occur
during operation, resulting in intolerable noise. This may be caused by breakage of strands on
the conductors, damage to clamps or insulators or accumulation of pollution on conductors
and insulators. In general, these defects shall be eliminated in order that the power system
may operate properly, whether or not they are sources of radio noise. In fact, the occasional
noise caused by such defects may result in detection and location of potential power system
faults.

These abnormal noise sources may be located by various instruments such as radio noise
measuring sets, television receivers or ultrasonic and optical detectors. Location will often be
easier when the noise affects television reception, since at very high frequencies longitudinal
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attenuation along the line is very high. When only low and medium frequency radio
broadcasts are affected, location of the noise source may require the recording of the
longitudinal attenuation of the radio noise field strength, combined with optical, ultrasonic or
ultraviolet devices, as discussed in Clause 5.

5 Methods of prediction of the reference level of an overhead line

5.1 General

This publication has been written to provide the engineer in the field with the theoretical and
practical background necessary to deal with radio interference problems. Technical aspects
have been dealt with in part 1 and many of the aspects discussed are dealt-with in this clause
in a simplified manner to bring together the theoretical and practical issues

voltage gradient in the air at the surfaces of the conductors a i i greater than
about 12 kV/cm to 14 kV/cm, depending on conductor dia
of the line is determined by the performance of the condu
the conductors per phase of a proposed line are ofte

to preserve this goed quality by
of the methods .®~ icti ination are concerned with the conductor noise and

do not apply to lin€s ¢ C :
applies to sparking’so S Mmperfect contacts.

This clagse~contains i ation about the correlation of the radio noise voltage at the line
[ oise field strength at ground level at a certain lateral or direct

a) Methods relating to noise from conductors

Subclause 5.3 of CISPR/TR 18-1 gives a survey of methods of prediction or
predetermination, both analytical or semi-empirical and empirical or comparative. The
analytical method relies on the results of measurements carried out on a short length of
sample conductor in a test cage and involves highly complex analyses. The sample
conductor can be tested with any desired surface condition and the radio noise voltage
measured by a circuit given in 4.5 of CISPR/TR 18-2. However, for a.c. lines, a reliable
prediction of the reference level due to conductor corona can be calculated only from the
wet test since in this case the number of individual corona sources per unit length is
sufficiently high to represent a statistically satisfactory sample. For d.c. lines, reference
should be made to 8.2 of CISPR/TR 18-1 for the calculation of the noise level.

The simple comparative formulae referred to in 5.3 of CISPR/TR 18-1 rely on the results
of radio noise field strength measurement carried out on an existing line of similar design.
These formulae take into account the effects of any difference between the reference and
proposed lines such as the differences in surface voltage gradient or conductor diameter.
If the design of the reference and the proposed lines are similar and the operating
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conditions, such as air pollution, etc., are also similar a fairly accurate prediction may be
obtained of the reference level to be expected from the proposed line due to conductor
corona. The effects of weather may also be determined by taking measurements on the
reference line in a variety of weather conditions.

In 5.4 and Annex B of CISPR/TR 18-1 is given a catalogue of radio noise field strength
profiles resulting from conductor corona for certain designs of single circuit overhead line.
The profiles are correct when the value of the voltage gradient in the air at the surfaces of
the conductors of the lines are sufficiently high to produce radio noise and the values of
the field strength, at a measurement frequency of 500 kHz, are given for both heavy rain
and average fair weather conditions; the heavy rain conditions producing a higher field
strength of between 17 dB and 25 dB. The profiles show the attenuation of the field with
distance normal to the lines for distances out to 150 m.

b) Method relating to noise from insulators and/or fittings
Subclause 6.2 of CISPR/TR 18-1 gives a correlation between the radio_noise voltage

c) Methods relating to aggregate nois

relatively short tes

for operatio a
noise perfor

5.3 CIGRE formula

A simple direct formula has also been evolved for predicting the level of the radio noise field
strength to be expected from the conductors of a line. The formula, which is empirically based,
gives the most probable level to be expected from aged conductors in fair weather at a direct
distance Dy of 20 m from the nearest conductor at a measurement frequency of 500 kHz. The
formula is derived from lines operating at voltages between 200 kV and 765 kV and at
maximum voltage gradients between 12 kV/cm and 20 kV/cm. Strictly, the formula gives the
noise from one phase conductor or bundle of a line and the effects of the other conductors
may be taken into account by a summation process; however, for a number of designs of lines
within these ranges, it is found that only a small error is introduced if only the conductor
producing the highest noise at the measuring point of a three-phase line is considered;
usually this is the nearest conductor but not necessarily so in all cases.

The formula is



TR CISPR 18-3 © IEC:2010(E) -13 -

E=35gmax+ 12 r—30, in dB(uV/m)

where

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

9Imax IS the maximum gradient of the r.m.s. voltage at the conductor surface, in kV/cm;
r is the radius of conductor or sub-conductor, in cm.

This matter is considered in more detail in Annex A.

5.4 Determination of 80 % level

The 80 % level for a line may be predicted by calculation [2, 3]" or, if the line exists, the 80 %
1) for an existing line the 80 % level may be determined, wit}

one year.

2) if the all-weather distribution curve is not available
results of measurements made one line of similg
environment could be used.

3) from the figures mentioned in 4.3

4) the 80 % level may be predicted by ad

5.5 Conclusions
The particular method
on whether the intere
is whether the condy

less than about 12

The simple
strength p

reasonably accurate\indicdtions of the reference level to be expected from the conductors of a
proposed line. be borne in mind that owing to the variable nature of radio noise and
its dependency onthe effects of weather, atmospheric conditions, pollution, etc., it is often
difficult to measure the reference level of a line with any high degree of accuracy and
reproducibility.

The method referred to in item b) of 5.2 relating to noise from insulators and/or hardware has
not, as yet, become established practice for the case of specially polluted test insulators but
the method would appear to have promise for this case. If a test line, referred to in item c¢) of
5.2, is available, together with the time required to carry out experimental work, the likely
reference level from a proposed line may be obtained with a good degree of accuracy for the
particular conductor, insulators and hardware proposed.

The figures in square brackets refer to the Bibliography.



