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

FOREWORD

[he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
bll national electrotechnical committees (IEC National Committees). The object, of IEC is to promote
nternational co-operation on all questions concerning standardization in the elegtrical and electronic fields| To
his end and in addition to other activities, IEC publishes International Stan@ards, Technical Specificatipns,
fechnical Reports, Publicly Available Specifications (PAS) and Guides’) (hereafter referred to as f{IEC
Publication(s)”). Their preparation is entrusted to technical committees; any lEC National Committee interefted
n the subject dealt with may participate in this preparatory work.(International, governmental and non-
jovernmental organizations liaising with the IEC also participate in thispreparation. IEC collaborates clogely
ith the International Organization for Standardization (ISO) in.aecordance with conditions determined by
hgreement between the two organizations.

[he formal decisions or agreements of IEC on technical matters”express, as nearly as possible, an internatipnal
Consensus of opinion on the relevant subjects since each_fechnical committee has representation from all
nterested IEC National Committees.

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

n order to promote international uniformjty;s 1IEC National Committees undertake to apply IEC Publicatjons
ransparently to the maximum extent possible in their national and regional publications. Any diverggnce
between any |IEC Publication and the corresponding national or regional publication shall be clearly indicatdd in
he latter.

EC itself does not provide any cattéstation of conformity. Independent certification bodies provide conformity
hssessment services and, in-some areas, access to IEC marks of conformity. IEC is not responsible for|any
Eervices carried out by independent certification bodies.

Al users should ensure_that they have the latest edition of this publication.

No liability shall attach)to IEC or its directors, employees, servants or agents including individual experts|and
members of its technical committees and IEC National Committees for any personal injury, property damage or
bther damage_of, any nature whatsoever, whether direct or indirect, or for costs (including legal fees) [and
bxpenses arising out of the 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 publicatior]s is
ndispensable 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 subje¢t of

d gr . d ol be eld espor ple 10 der Y g any or a u Pd Jd

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.


https://iecnorm.com/api/?name=ce00ce3c2bb137a4b77d51d1110ae708

CISPR TR 18-3:2017 RLV © IEC 2017 -5-

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.

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

Thik edition includes the following significant technical changes with respect to jthe previpus
edition:

a) [localisation system of spark discharges which might contain frequency_components up to
3 GHz;

b) |information regarding equations for predetermination of the radionoise level from HV|DC
overhead power lines.

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

DTR Reportion voting
CIS/B/655/DTR CI8/B/676/RVDTR

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

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

A list of all parts of the CISPR ™18 series can be found under the general title R4dio
intgrference characteristics of overhead power lines and high-voltage equipment, on the IEC
website.

The¢ committee has decided that the contents of this publication will remain unchanged until
the| stability date indicated on the IEC website under "http://webstore.iec.ch"” in the data
related to the specific/publication. At this date, the publication will be
e |reconfirmed;

o |withdrawn,

e |replaced by a revised edition, or

e |aménded.

A bilingual version of this publication may be issued later on.

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

This Technical Report is the third of a three-part series dealing with radio noise generated by
electrical power transmission and distribution facilities (overhead lines and substations). It
contains recommendations for 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 andiHV

stafjions and also to anyone concerned with checking the radio noise performance of a ling to
engure satisfactory protection of radio reception. Information on the physical phenoména
invplved in the generation of electromagnetic noise fields is found in CISPR TR,18-1. It dlso
includes the main properties of such fields and their numerical values. CISPR TR 18-2
corjtains recommendations for methods of measurement for use on-site or_in & laboratory. It
furfhermore recommends procedures for determination of limits for the radio noise from |HV
power systems.

Thi
teg

and
oy

for

The second editions of CISPR 18-1, -2, -3 underwefit thorough edition in the maintenance
work. The purpose of the maintenance work was _{0o)review for update in the measuremfent
corlditions, terminology, and the lateral profiles of'vadio noise, etc. Other updates belonged to
the|description of HVDC systems and to the uppér edge measurement frequency.

The review for this third edition of CISPR 8>3 focused on the following issues:
a) |description on gap noise locatinggsystem involved in the expansion of upper measuiing
frequency from 300 MHz to 3 GHz;

b) [collation of predetermination™formulae of radio noise level for DC power lines involved in
update on DC description

The CISPR 18 series doees” not deal with biological effects on living matter or any issyes
relgted to exposure to.electromagnetic fields.

Considering

a) that the radiation of electromagnetic energy from overhead power lines causes
interference to sound-and television broadcasting,

b) that the level of this 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,

this document recommends as CODE OF PRACTICE for minimizing the generation of radio
noise, that the latest edition of CISPR Publication 18-3, including amendments, be used as
guide for minimizing the generation of-radie such noise caused by overhead power lines.
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CISPR TR 18-1 describes the main properties of the physical phenomena involved in the
production of 123 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 125 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.

NOTE The recommendation above is based on CISPR RECOMMENDATIONYo0."57.
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RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

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

Thi
ling
the

Scope

5 part of CISPR 18, which is a technical report, applies to radio noise from overhead po

fields from power line carrier signals.

The frequency range covered is 0,15 MHz to-300-MHz 3 GHz.

2

cor
cite
any

IEQ
El¢

CIS
hig
CIS
hig

lim

1SC
asq

NOT

3

Normative references

ver

s and high-voltage equipment which may cause interference to radio reception, excluding

The following documents are referred to in the text in such a way that some or all of tjveir

d applies. For undated references, the latest editiah of the referenced document (inclu
amendments) applies.

60050-161, International  Electrotechnical Vocabulary (IEV) —  Chapter 1
ctromagnetic compatibility

h-voltage equipmeﬁt — Part 1: Deseription of phenomena

h-voltage equipment — PRart 2: Methods of measurement and procedure for determin
ts

ociated terms (VIM)

E Informative references are listed in the Bibliography.

Terms and definitions

tent constitutes requirements of this document. For dated references, only the edifion

ing

61:

PR TR 18-1:2040 1, Radio interféerence characteristics of overhead power lines and

PR TR 18-2:2040 2, Radio interference characteristics of overhead power lines and

ing

IEC Guide 99, (International vocabulary of metrology — Basic and general concepts and

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

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

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

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

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

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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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 document within acceptable
levels.

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
acdeptable level. The most important parameters are conductor diameter and>~numbern of
corlductors per phase. Others parameters that could be varied, such as distance betwg¢en
phases, height of conductors above ground or spacing of sub-conductors in’the bundle, the
maller effect. In practice, they are usually determined by mechanical or insulafion
requirements.

The quantitative laws that determine the level of radio noise caused by conductor corona pre
disgussed in 4.3 of CISPR TR 18-1:__ 3, and in Clause 7. Thesé laws normally apply to both
stranded and smooth conductors, since the surface unevenpeéess caused by stranding does |not,
in general, substantially change the noise level, especially when conductors are damp or Wet.
The existence of scratched or broken strands or deposits of extraneous substances such| as
or insects on the surface, on the other hand,<may lead to severe localised cor¢na
distharges, due to high local voltage gradients./This may considerably increase the ndise
level of the line. For these reasons, it is necessary'to avoid damage to the conductor surface
during construction. It should be handled with.great care in transportation and erection and
suifable techniques should be used to avoidccontact of the conductor with the ground or other
objects during stringing. It is also advisable to avoid external greasing of the conductor|for
ection during transportation and tensioning; when the conductor is loaded, the increasI in

ing
eel
core or inside layers are greased\for corrosion protection, a type of grease should be seledted

Radio noise due to.corona on metal hardware, such as suspension clamps, dead-end clamps,
yoKes, guard rings, horns, spacers, etc., can be controlled. Appropriate shapes &nd
ensions may.be specified during the design stage in order to avoid points of high voltage

Guard devices are sometimes installed to protect an insulator string from the destructive
effects of a power arc and to improve the distribution of the potential along the string. They
also contribute to the reduction of the level of radio noise from the conductor clamps, since
they screen sharp points or protrusions on the clamps. The type and dimensions of the guard
devices should be chosen in such a way that they do not themselves produce radio noise. For
example, the use of simple horns should be avoided at voltages exceeding about 150 kV, and
the diameter of tubes forming guard rings should be sufficiently large to ensure that no corona
occurs during rain.

3 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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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
4.4{1 Clean or slightly polluted insulators
The radio noise produced by these insulators under dry conditions can be controlled'by:

e |the use of insulators of suitable design, especially as regards their geometry and fhe
characteristics of the material at the more critical areas, or

e |the use of guard devices designed to improve the distribution of voltage on the surfacg of
the insulator or along the insulator string.

In insulator design, the use of conducting glaze, for example, improves the distribution of fthe
surface voltage gradient on the insulator. In the design ofaZguard device, a metal ring| as
cloge as possible to the insulator, or to at least the first two.or three insulators at the line ¢nd
of an insulator string, may considerably improve the voltage distribution on the insulatoq or
alohg the insulator string and reduce radio noise. Theing, however, shall remain compatible
with other requirements such as insulation withstand, protection of the insulators from poyer
arcp, 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, howeéver, seldom a critical factor in line design, since fthe
incfease in noise due to water dropletsion the insulators is usually less important than fthe
corfesponding increase in noise produced by the conductors.

4.4|2 Very polluted insulators

Undler dry conditions, in addition to the phenomena that cause noise on a clean insulajor,
other phenomena of the, corona type may occur due to surface unevenness created|by
pollution deposits, assmentioned in 6.1 of CISPR TR 18-1:__ 4. Under these conditions eyen
careful design of the’ various parts of an insulator may be of little benefit. Stress control
devices suitable for improving the voltage distribution on the insulator or along the insulator
string, howevef,-may considerably improve the radio noise performance.

WhHhen the-polluted insulator surface is wet, radio noise is generated by sparks across the dry
bands, \created by the leakage currents, as discussed in 6.1 of CISPR TR 18-1:
Oc¢asionally, this noise has very high frequency components. It may affect both sound qmd
television reception and is difficult to control. The only practical remedy is to limit the leakage
current activity on the surface of the polluted insulator. This may be achieved by:

a) diminishing the voltage stress on the insulator — for example by using a longer surface
creepage path than is necessary for electrical withstand;

b) using special types of insulators such as those made of organic material or coated with
semi-conducting glaze, or designs with a longer creepage path such as fog type units,
special shapes, etc.;

c) coating the insulators with silicone grease.

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
5 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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4.5 Spark and microsparks due to bad contacts, commutation effects

Remedial measures for eliminating or reducing these types of radio noise are described in
Clause 5 and in 8.4 of CISPR TR 18-1:__ 6 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

gamage 10 ambp 0 D alo Or 3 m a ors
In general, these defects shall be eliminated in order that the power syst

ise
be

g nal
att¢gnuation along the line is very high. When only low and medium—frequency—rgdic
breojgdeasts wave frequencies are affected, location of the noise source may require [the
recprding of the longitudinal attenuation of the radio noise field strength, combined With
optjcal, ultrasonic or ultraviolet devices, as discussed in Clause)5.

5 | Methods of prediction of the reference level 6f an overhead line

5.1 General

This document has been written to provide the“engineer in the field with the theoretical and
prajctical background necessary to deal with’radio interference problems. Technical asp¢gcts
haye been dealt with in Part 1 and many,of the aspects discussed are dealt with in this clatise
in g simplified manner to bring togethet the theoretical and practical issues.

The reference level of a line is the' strength of the radio noise field at a reference frequepcy
of 500 kHz and at a direct distance of 20 m from the nearest conductor of the line. Where fthe
voliage gradient in the airafithe surfaces of the conductors of a normal line is greater than
abqut 12 kV/cm to 14 kV/cm, depending on conductor diameter, the radio noise performance
of fhe line is determinéd by the performance of the conductors. The number and diametef of
thel conductors perphase of a proposed line are often decided by the current-carrying
capacity required(or by economic considerations and usually a prediction of the reference
level is required\for a particular weather condition. If a line is designed with the conductorg at
igh surface-gradient, very little can be done to reduce the noise level once the line has
begn constructed.

Figure’B-14 of CISPR TR 18-1:__7 gives the correction to be applied to a radio noise lgvel
relat .

Where the voltage gradient in the air at the surfaces of the conductors of a line is less than
about 12 kV/cm, the radio noise level is usually determined by the insulators and hardware. In
this case the radio noise performance of the line is inherently good and it is usually desirable
to preserve this good quality by selecting insulators and hardware of a matching quality. Most
of the methods of prediction or predetermination are concerned with the conductor noise and
do not apply to lines where the conductors are at a low surface gradient. None of the methods
applies to sparking sources at loose or imperfect contacts.

6 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
7 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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Correlation of data given elsewhere in this publication

This subclause contains information about the correlation of the radio noise voltage at the line
and the resulting radio noise field strength at ground level at a certain lateral or direct
distance slant to the respective line.

a)

b)

10
11
12
13
14
15

Methods relating to noise from conductors

Subclause 5.3 of CISPR TR 18-1:_ 8 gives a survey of methods of prediction or
predetermination for AC lines, both analytical or semi-empirical and empirical or
comparative.

he 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 noisé-voltage

wet test in this method since in this case the number of individual corona sources per
length is sufficiently high to represent a statistically satisfactory sample.

The simple comparative formulae referred to in 5.3 of CISPR TR 1#8=1:__ 10 rely on [the

conductor diameter. If the design of the reference and the proposed lines are similar
the operating conditions such as air pollution, etc., are™also similar, a fairly accu

due to conductor corona. The effects of weather‘may also be determined by taki
measurements on the reference line in a variety of ‘weather conditions.

In 5.4 and Annex B of CISPR TR 18-1:__ 11\{s given a catalogue of radio noise fleld
strength profiles resulting from conductor ~corona for certain designs of single cirguit
overhead line. The profiles are correct when the value of the voltage gradient in the aif at
the surfaces of the conductors of the lines are sufficiently high to produce radio noise. 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-47 dB and 25 dB. The profiles show the attenuation of fthe
field with distance normal to the lines for distances out to 150 m.

For DC lines, referencesshould—be is made to 8.2 of CISPR TR 18-1: 12 for fthe
calculation of the noiselevel.

Method relating to noise from insulators and/or fittings

Subclause 6.2 of GISPR TR 18-1:__ 13 gives a correlation between the radio noise voltage
generated by a_hardware or component of a line, when measured in accordance with fthe
procedure given in 4.5 of CISPR TR 18-2: 14, and the level of the reference field. Tlhis
correlation-applies where the line has a single noise source, for example a broken
insulator,/or where multiple sources are distributed uniformly along the line. The method,
whichnincludes a semi-empirical formula, is particularly useful where the conductors qf a
proposed line are to operate at a low surface gradient and a prediction is required of the

reference level to bhe pyppr‘tpr‘l from the insulators of the line When the measure nt
procedure according to 4.5 of CISPR TR 18-2: 15 is carried out on insulators, then they

Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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c)

5.3

are usually in a clean and dry condition, since this condition is normally specified. But
procedure is not restricted to measurements on clean and dry objects and speci
polluted sample insulators could be tested when damp and when dry and the res
inserted into the formula to predict the reference level of a proposed line.

Methods relating to aggregate noise from the conductors, insulators and/or hardware

the
ally
ults

Subclause 5.2 of CISPR TR 18-1:__ 16 gives information on the use of test lines. Where
conditions relating to a new design of line are such that they cannot be related to data
available from an existing line, the expected performance is sometimes studied on a
relatively short test line. Such test line studies are particularly useful when a new system,
for operation at a much higher voltage than hitherto, is in the planning stage. The radio

atmospheric conditions so that the performance of the proposed line can be asses

performance, can also be obtained from the test line at the same time.

be found which will protect a given broadcast signal strength at a given’distance from
line for 80 % of the time with 80 % confidence.

CIGRE formula

A dimple direct formula has also been evolved for predicting the level of the radio noise f

stre
em
we

ang
the
the
nur
if o
is d

pirically based, gives the most probable level to be expected from aged conductors in

765 kV and at maximum voltage gradients between 12 kV/cm and 20 kV/cm. Strictly s
formula gives the noise from one phase conductor or bundle of a line and the effect

onsidered; usually this is the nearesficonductor but not necessarily so in all cases.

The formula is

wh
E

gm<
r

Thi

E'=3,5 g+ 12 7 — 30, in dB(uV/m)

is the level-of the radio noise field strength in dB(uV/m) at a direct distance D of 2
from nearest conductor of proposed AC line;

x is theqmaximum gradient of the RMS voltage at the conductor surface, in kV/cm;
is the/radius of conductor or sub-conductor, in cm.

5 _matter is considered in more detail in Annex A.

bther at a direct distance DO of 20 m from the _,nearest conductor at a measurem
frequency of 500 kHz. The formula is derived from lines operating at voltages between 200

noise performance of the experimental line is monitored in a range of weather\ and

sed

under the conditions it will experience in service. This could also include the ‘effectd of
insulator pollution. Other important data, such as corona loss and acpustic ndise

In 5.4 of CISPR TR 18-2:__ 17 a method is given whereby the reference leye€l of a line may

the

eld

ngth to be expected from the conductors of—a—line [AAC lines. The formula, which is

fair
lent
kV
en,
of

other conductors may be taken into accounht by a summation process. However, for a
nber of designs of lines within these ranges, it is found that only a small error is introdu¢ed
hly the conductor producing the highest noise at the measuring point of a three-phase line

5.4

Determination of 80 % level

The 80 % level for a line may be predicted by calculation [2, 3]18 or, if the line exists, the 80 %
level may be determined with a high degree of confidence, by measurement. Methods of

det

ermining the 80 % level are as follows:

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

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

18 The figures in square brackets refer to the Bibliography.
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1) for an existing line, the 80 % level may be determined, with a high degree of confidence,
from the all-weather distribution curve obtained by measurements made over a period of
one year;

2) if the all-weather distribution curve is not available, or in the case of a proposed line, the
results of measurements made one line of similar design in a similar climate and pollution
environment could be used;

3) from the figures mentioned in 4.3.4 of CISPR TR 18-1:__ 19 it is seen that, on average, the
80 % level for a line is 10 dB greater than the 50 % level. Therefore, if the 50 % level is
known, the 80 % level may be estimated;

4) rthe-80-%tevetmaybepredictedby-adding5-dBto+5-dBdependingonthe—chmate—tothe
fair-weather level estimated from the simple formula given in 5.3.

5.5/ Conclusions

The particular method of prediction to use in the case of a particular proposed_line will dep¢nd

on
is
les
ang

whether the interest is in conductor corona or noise due to insulators and/orvhardware that
hether the conductors are to operate at a voltage gradient greater than about 14 kV/cm or
5 than about 12 kV/cm. For voltage gradients in between these values; both the conductors
the insulators may contribute to the noise level of the proposed line-

The¢ simple comparative formula referred to in item a) of 5.2, the)catalogue of radio noise field

stré

ngth profiles referred to also in item a) of 5.2 and the CIGRE formula given in 5.3 are all

sSim
rea

ple to use and, provided they are used within their inhesent limitations, they should dive
onably accurate indications of the reference level to be expected from the conductors ¢f a

its [dependency on the effects of weather, atmospheric conditions, pollution, etc., it is o
diffjcult to measure the reference level of a line with any high degree of accuracy

projposed line. It should be borne in mind that owing o thee variable nature of radio noise ind

en
nd

repfroducibility.

Th

not
the
5.2

method referred to in item b) of 5.2 relating to noise from insulators and/or hardware has
as yet, become established practice for the case of specially polluted test insulators jput
method would appear to have promise for this case. If a test line, referred to in item c) of
is available, together with the~time required to carry out experimental work, the likely

reference level from a proposed*ine may be obtained with a good degree of accuracy for the

par

6.1

Ra
in g
brig

ticular conductor, insulatorsvand hardware proposed.

Preventive and remedial measures to minimize radio noise generated by
bad contacts and their detection and location

General

jio noise_generated by sparking at bad, that is loose or imperfect, contacts occurs mainly
ry weather since in wet weather the comparatively small gaps involved usually became
ged with moisture.

6.2
Wh

1)
2)

On

Preventive and remedial measures
en constructing high voltage equipment it is important

to ensure that all fixing bolts are securely tightened, and

to bond conducting elements, as far as is possible, either to earth or conductor potential.

distribution lines, bonding adjacent metal surfaces is important but bonding to earth or

conductor potential is not required for spark suppression. If bonding to one side is not
possible (for example at the pin and clevis, or ball and socket, couplings of an insulator string),

19 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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the adjacent conducting elements should have good metal-to-metal contact and the whole
assembly should be well insulated from other metallic parts of the equipment. It should be
borne in mind that even when equipment is new, galvanized metallic parts can have a
corrosion coating of zinc carbonate. When the surfaces have weathered, additional oxides
and sulphides may be present and an imperfect contact may result leading to the possibility of
gap-type discharges. The phenomenon may occur when suspension insulator strings have
inadequate mechanical loading.

The following preventive and remedial measures have been found to be effective:

a)

b)

c)

d)

f)

h)

Conductive arease and naste
) g

A quick and economical method is the application of conductive grease to the sockef{ or
clevis area of insulators. This is a temporary cure, however, and it is necessary ta_re<agply
the grease at a later date. The use of a copper paste, instead of conductive gredse,
promises to be a more lasting remedy but care shall be taken to ensure thatthe greaseg or
paste does not find its way on to an insulating surface.

Ordinary, non-conductive grease applied to freshly galvanized surfaces will inhibit
corrosion.

Bonding brush

The application of a bonding brush, with stainless steel bfistles, is a temporary cyre,
lasting for some three to five years, by providing metal-to<metal contact in the pin and
clevis, or ball and socket, area.

Bonding clip

Where pin and clevis type insulators are used, bonding clips can easily be installed in fthe
pin and clevis area. It is especially important,'that these be installed in the condugtor
clamp connection with the line end insulator. There are several types of clip suitable|for
insertion between ball and socket which maintain sufficient pressure to break down [the
oxide film.

Permanent bonding

The best results are likely to beCobtained with a permanent flexible bond across each
individual metallic link of the insulator string, together with bonds from the earth ¢nd
insulator to the cross-arm and’from the conductor clamp to the line end insulator. The
bonds should consist of stranded stainless steel or copper cable and can either be welded
or fastened by screws.-The cable should have a plastic covering to prevent bird caging of
broken strands.

Metal weights for insulator strings with inadequate mechanical loading

In order to ensure’good contact between the caps and pins of adjacent insulator units, fthe
strings should.be loaded with metal weights which are well-rounded to prevent corpna
discharges.

Spring.and plastic washers

If a\wooden construction is used, there is some merit in using spring or plastic washgrs.
The’spring washers are capable of preventing loose hardware on poles and cross-afms

due to wood shrinkage. A plastic washer of acefate or nylon also improves tightness of the
nuts. Where these "shake-proof"-type nuts or plastic washers are used, care should be
taken to ensure that there are no insulating gaps between metallic parts. Such a washer is
generally used only between a nut and a wood pole or arm.

Single insulator

The use of a single insulator has the advantage of having fewer possible radio noise
sources.

Pin-type insulators with conducting glaze

With pin-type insulators, sparking may occur on the surface where the conductor rests in
the top groove and at the tie-wire or stirrups in the side groove of the insulator. This
problem may be overcome by using conductive paints or metallization of the insulator
surface in the area of contact. These metallizing agents are effective only if applied
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together with the glaze during manufacture of the insulator. In the case of pin-type
insulators, if the pin screws directly into a threaded hole in the porcelain, the porcelain
threads should be treated with conductive paint. As an alternative, a threaded metal insert
can be cemented into the pin-hole; although the best solution is to purchase insulators
with the pin-hole glazed during manufacture.

If a PVC insulated conductor is used, there is a possibility of local discharges occurring at
the supporting insulators. These discharges can be avoided by wrapping the PVC with
semi-conducting tape. For an 11 kV line, the tape should extend for 600 mm on either side
of the insulator.

Plastic fasteners and insulated staples

The use of plastic fasteners or insulated staples to secure the earth wire to a wood.\gole
will avoid sparking between the earth wire and its fasteners, particularly if the fastenjers
became loose or corrosion is present.

Methods of detecting and locating bad contacts

WHen bad contacts are present in a power line or substation, the detection.and exact locafion

of

he radio noise source(s) are more important than the measurement\of the resulting fleld

str¢ngth. Practical methods for the detection and location of these bad’contacts are descrilped

bel

Sin
rad
rec
rad

Wh
at
Wh

bw. Measurements and observations should normally be made in fair weather.

ce a high voltage power line and associated equipment(s)‘often the source of different
Fo frequency fields, it is necessary to trace the radio (nhoise by starting at the disturbed

iver. The first step in the investigation is to obtain anfaural and/or visual indication of fthe
io noise, by using a loudspeaker or headphones and an oscilloscope or television receiyer.

en tracing the source(s) of radio noise due to.bad contacts it is better to observe the nqgise
he highest frequency perceptible because.of the more rapid attenuation along the line.
ilst it is preferable that the apparatus usgdfor tracing should cover the whole radio ndise

frequency range, few instruments are available that cover this spectrum. Few have b¢en

des
neq

igned specifically for the location of\sources of radio noise and, accordingly, it may|be
essary to modify commercial appafatus to make it suitable.

The following apparatus will be”found useful for locating bad contacts: a) to g) fre

con
pro
res

a)
b)

c)

ventional instruments and;h) is a modern instrument employing recent digital signal
cessing techniques, whith*can estimate the Direction of Arrival (DOA) with high directignal
plution.

A general coveragge receiver (a.m.) tuneable from at least 500 kHz to 18 MHz.

A VHF field, strength measuring instrumentation fitted with a two-element broadband
antenna anda VHF pre-amplifier: The audio output should be amplified sufficiently to f¢ed
a loudspeaker and an oscilloscope.

An escilloscope with sufficient intensity for use in full daylight, when used with a viewling
hood; and a sweep frequency of approximately 500 Hz.

d)

f)

AII UHF flcid atlcllyth |||caaU|i||g illbtlulllclltdtiull flttcd vvith tVVU ;Iltclbhallyvdbic \l ag|
antennas (one array for 500 MHz and the other for 800 MHz): A moderate level audio
output is required for a loudspeaker. RF pre-amplification is required and IF gain control is
desirable. The whole assembly should be able to be carried by one man.

A small radio frequency detector covering the frequency range MF to VHF but without
automatic gain control.

A small a.m. broadcast radio receiver without manual or automatic gain control and
enclosed in a metal box: The receiver antenna can either be telescopic, to allow for
variation in RF sensitivity, that is to adjust the RF gain, or, preferably, a ferrite rod
mounted inside the metal box opposite a slot of similar length in the box side. The box is
mounted at one end of an insulating tube, a few metres in length and having a diameter of
approximately 3 cm to 6 cm. The output of the receiver loudspeaker is directed into the
bore of the tube while, at the other end, a microphone is arranged to pick up the noise
signal. The microphone output is then fed into an amplifier feeding the headphones or a
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loudspeaker. This arrangement allows the receiver to be placed near to the source of the
disturbance and, with care, can be used even when the radio noise is generated by high
voltage equipment.

g) The insulating properties of the tube and its length shall be such as to ensure observance
of the safety rules appropriate to the system voltage.

h) A sensitive ultrasonic detector with a parabolic reflector: In situations where the noise
sources are numerous and are close together, for example in a substation, this can be a
particularly useful instrument, but its use is restricted to fair weather conditions. It should
be borne in mind that this instrument is also sensitive to corona sources.

1 Raod. fraciianan (DN L o A RYaWw.\ FHZCW-E 1NN ratara—aarit P H"S booal o Lt o [
| TZaUTUTTTOYUTTICY (T 0O oSCU DUTT CotTTatoTT SySTtoTiT v gt U ocotoTTar TOSUTUTTOUTT ee

Annex B): The system with an antenna array, e.g. consisting of four dipole antennag, a
high-speed oscilloscope, and a computing device, e.g. a personal computer, iprwhich a
DOA estimation program based on digital signal processing techniques is jnstalled| is
available to locate the radio noise source due to bad contact, which can™emit pul$ed
electromagnetic waves composed of wide spread frequency components, with High
directional resolution [17, 18, 19].

A s$uggested procedure for locating a radio noise source or sources generated by bad
corltacts is as follows:

i) |Using the investigation apparatus, obtain an aural and/or vistial identification of the ngise
signal at the disturbed receiver. Determine the frequencyrange of the noise by scanning
the relevant part of the RF spectrum.

ii) |If broadband noise appears, use the highest possible-frequency for tracking. If it is foulr:d,

when moving along a power line, that the noise €an"be detected at progressively higher
and higher frequencies, then the source is being approached. In the immediate vicinity of
the source, the noise signal should be detected throughout most of the broaddast
frequency bands. When the higher frequengies start dropping off, the source has bTen
passed. Along the power line nulls may occur, at certain positions and at cerfain
frequencies, due to standing wave patterns. For wood pole lines, a sledge hammer ¢an
be useful. If the base of the pole is_struck with the hammer, noise due to bad contacts|on
that particular pole may either increase drastically or disappear temporarily. This ass|sts
in localizing the wood pole assogiated with the noise source.

A further method for locating” bad contacts, particularly in a substation where several
joints can be involved, is o direct a very fine water jet at each suspect metal joint in tdgrn.
To provide a high degree' of insulation, a small volume of water, in a plastic container, is
mounted at the end of a long rod or pole of insulating material. Two pipes enter fthe
container, one which terminates in a nozzle to provide the fine water jet and the other
which carries compressed air, via a valve, from the ground. The operator on the grolind
controls the water jet by means of the compressed air. After having located a bad confact,
a similar device is often used to inject grease, of suitable consistency, into the defeclive
joint.

iii) |If narrow band noise is detected, triangulation will best identify the source. Even hgre,
however, at the source's location, the sparking noise will be detected over a broad rafpge
to.100 MHz. Narrow band noise may result from gap-type discharge causing resonancg in
a fiiting or component.

iv) If more than one noise signal exists, it may be necessary to use the oscilloscope to
distinguish the sources. To determine if a noise source is due to bad contacts (sparking)
or corona, the following information may be helpful:

a) oscilloscope or television pictures usually give clear indication;

b) noise above 30 MHz in fair weather is due to sparking;

c) if the noise occurs only in fair weather, it is probably due to sparking;

d) noise due to sparking predominates over corona noise on lines below about 70 kV.

v) If the investigation indicated that the source is in a substation, a radio frequency detector,
as described in item e) or a small a.m. portable radio receiver, without automatic gain
control, should be used. The receiver should be placed near to the control wiring and
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earth connection of each item of plant, in turn, so that the wiring may act as an antenna
for the noise source.

vi) In the case of a power line, when the tower involved has been identified, the measuring
instrumentation described in item d) should be used to obtain further bearings. The tower
should be scanned using both horizontal and vertical polarization of the antenna to
determine whether or not the structure contains a source. If no noise field is detected, a
further check should be made by tuning some 10 MHz above and below the measurement
frequency (a null may occur at a particular frequency).

vii) The last step to pinpoint the source should be carried out with the apparatus described in
item f). It may be helpful to scan the insulators, either on the towers or in the substation,
to prove that they are noise-free.

viii]Low-level acoustic noise is often associated with sparking and gap-type discharges and
the very narrow beam width of a sensitive ultrasonic detector, fitted with ,a parabplic
reflector, will often be found useful in locating the source.

RF-based DOA estimation system, which can locate the position of the dis¢harge exis{ing
within about 30 m from the system with high accuracy (elevation angles: error may|be
around 2°, azimuth angle: error may be around 3°), is available fototemporally usg or
continual verification. In case of the continual verification, ifhcan be a detector| of
deteriorated facility or associated equipment and parts.

=3
=

In the case of temporal usage, the procedure to locate the{fadio noise source dudg to
spark discharges are as follows;

a) Using the investigation apparatus, obtain an auralkand/or visual identification of fthe
noise signal at the disturbed receiver. Determine~the frequency range of the noise| by
scanning the relevant part of the RF spectrum;

b) If broadband noise appears, use the high€st/possible frequency for tracking. Set|up
RF-based DOA estimation system whereXbroadband noise is observed and locate [the
radio noise source;

c) If narrow band noise is detected, atcthe source's location, the frequency spectra of fthe
sparking noise will spread over a\broad range to 100 MHz.

7 |[Formulae for predetermination of the radio noise field strength produced hy
large conductor bundles‘(more than four sub-conductors) and
by tubular conductors

71 Basic principles

Subclause 5.3 reports a simple formula for the prediction of the radio noise field strength to
be lexpected from the conductors of a line. The formula, which is empirically based, gives fthe
mopt probable,tevel to be expected from aged conductors in fair weather at a direct distance
of 20 m from\'the nearest conductor at a measurement frequency of 500 kHz. The formula is
derfived from” measurements performed near to lines operating at voltages between 200|kV
and 765KV and at maximum voltage gradients between 12 kV/cm and 20 kV/cm. The
mepsyrements were performed on lines with single conductors and conductor bundles up to
foursub-conductors.

Methods of predetermination of the radio noise field strength produced by large bundles were
developed in the frame of the projects of overhead lines at voltages equal to or higher than
1000 kV, on the base of measurements on experimental spans or cages. They are based on
the so called excitation function approach.

The excitation function approach is based on the fact that the corona currents injected into a
multiphase line depend not only on the intrinsic characteristics of the conductor under corona
(its gradient, sub-conductor diameter, etc.) but also on the self and mutual capacitance of the
multi-conductor system [4]. The radio noise currents are related to the intrinsic corona
characteristics of the conductor (named excitation function 77) through a relationship of the

type:
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il =lclx|rli@xe)

where

1]

lc

and \F | are the vectors of the phase radio noise currents and excitation functions of
the conductors;

| is the capacitance matrix.

The measurements of the radio noise current in a test configuration of known capacitance
(cage or experimental span) allows the determination of the excitation function.

the
stre

An
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sta

TheL approach based on the use of the excitation function and analytical methods to calcul]ate

radio noise current propagation allows the predetermination of the radio nogisg” field

ngths for line configurations different from the ones tested.

bther important advantage of this approach is that the radio noise current-measurement in
nge allows the determination of the excitation function under controlled ambient conditipns
ificial rain corresponding to heavy rain) and for different conductor gradients, giving thus
ble and reproducible results.

The predetermination methods based on the concept of excitation function was preferred|for

hig
mo
bed
Prd
(14
pre
rati

For

her system voltages (voltages equal to or higher than 1 000-kV) where corona is generally
Fe critical and its evaluation can be more accurate. Extensive research in this field has
n performed in various countries: Canada (IREQ), Korea (765 kV Project), Italy (1 000/ kV
ject), Japan (CRIEPI), USA (GE/EPRI-Project UHV, AEP/ASEA, BPA), USSR
00 kV Project). These investigations principally cofisider the case of large bundles and fthe
determination formulae given in this documentvare the result of the comparison and
onalization of a wide number of experimental\results.

tubular conductors, a similar approach~was followed that led to the predeterminafion

formulae for the excitation function given, in this document. The experience gained in this fleld

is
dog

much less than with large bundles*and consequently the information provided in this
ument should only be used as a-guide.

The investigations were mader-with the view of possible application to overhead lines at

vol
tub
injg
CIg
7.2
7.2

On

ages equal to or higher-than 1000 kV, but the results can be applied to the cases of rigid
ular bus bars in high voltage substations. In this case, the guided field due to the currgnts
cted into the lings "~connected to the substation is of importance (see 5.7 of
PR TR 18-2:__ 20):

Calculation of corona radio noise field strengths due to large bundles
1 Procedure for the predetermination of the radio noise field strength

th'e basis of results of a comparative analysis of the various methods proposed in fthe

lite

ratiire [6 fo 13] the following procedure is proposed for the calculation of the radio ndise

field strength at a given distance from the line for lines with symmetrical bundles and aged
conductors:

a)
b)

c)

calculation of the excitation function of each phase in heavy rain by means of a semi-
empirical formula (see 7.2.2);

application of a correction factor to obtain the excitation function in other weather
categories (see 7.2.3);

determination of the radio noise field strength profile by means of complete or simplified
analytical methods based on modal propagation (see 7.2.4).

20 under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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2 Calculation of the excitation function in heavy rain

The following formula for the calculation of the excitation function, in dB(uA/m'/2), in heavy
rain is proposed:

Iy, =70 - 585/g + 35 log(d) — 10 log(n)

where

g
d

is the average of the maximum gradients of the individual sub-conductors (in kV/cm);

is the diameter of the sub-conductor (in cm):

n

Thi
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gradients, bundle configuration and surfacéZconditions of the conductors (in particular n

and
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shd
cou
clin

is the number of the sub-conductors in the bundle.

sub-conductor spacing s and the sub-conductor diameter d higher than 0 to 15.
ecially in the case of bundles made of 10 or more sub-conductors.

[E A comparison between the different formulae for the predetermination of~the"excitation function
brmed by CIGRE WG 36.01 [6]. The formula proposed in this subclause gives thedipper envelope of the va
could be obtained with the other formulae and thus gives a conservative evaluation of the excitation func
this reason, the formula-sheuld-be is used only for pre-design purposes and‘fer comparison between diffe]
designs. The design of a line with large conductor bundles would-requird&dmply a more accurate evaluatiol
excitation function by means of measurements on experimental spans @r0h corona cages.

3 Correction factor to evaluate the excitation function in other weather categon

bwed different approaches: some of them give{formulae similar in structure to those gi
the excitation function in heavy rain, but with.different coefficients; some others prop

aged conductors).

bn in Figure 1 can be applied«fo the heavy rain excitation function to obtain the 50 % li
value or the 50 % fair weather value.

ne 80 % all time excitation function value, I"gg ¢, is required to apply the indicationg
ts given in CISPRITR 18-2, the knowledge of the percentage of the different weat
ditions (fair weathgr, rain, foul weather, etc.) as well as the statistical distributions of

ws how thesstatistical distributions are related to each other. As a rough indication, /"¢
Id be obtained by subtracting 10 dB to 15 dB from the heavy rain level in temper
hates.

io noise underieach such condition is necessary. Subclause 4.3.4 of CISPR TR 18-1: |

5 formula gives satisfactory results in case of lines with conductors having a ratio betwg¢en

At

bller s/d ratios, the actual excitation function may prove to be much highercthan calculated

Wwas
ues
ion.
rent
n of

ies

other weather conditions (light rain, wet condugtars, fair weather), various experimenfers

en
DSe

rection factors to be applied to the heavy rain levels, constant or depending on the voltage

ew

a guidance, if no more precise-information is available from tests, the correction factors

ght

of
her

the
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7.2

4 Calculation of the radio noise field strength

7.2

4.1 General

The calculation of the radio noise field strength at a given distance from a three-phase line
may be performed starting from the excitation function of each phase by means of analytical
methods based on modal propagation analysis. Several computer programs were developed
to perform this calculation. They may take into account the discontinuities of the line (change
configuration, interconnection to a substation, etc.). A simplified analytical method
applicable to long lines is indicated in Annex C.

of

21 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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To allow a rapid evaluation of the radio noise field strength profiles, instead of the analytical
methods, the method given below, which gives an acceptable approximation, can be used.

7.2

4.2 Rapid evaluation of the radio noise field of an overhead line

The evaluation of the radio noise field at a given distance from the line is made by applying to
the excitation function a "field correction factor" to obtain the radio noise field strengths of a
line of basic design at a given frequency and for a given ground resistivity. The radio noise
field for the line under examination is then evaluated by introducing other correction factors to
account for the differences between the actual line and that of the basic case.

Thels evaluation is performed in two steps.

Std

The¢ radio noise field strength profile for a line of basic characteristicsnand under bg

corj
eXd

(flat, triangular and delta configuration) are given in the Figures 2, 3 and- 4.

Std

The¢ radio noise field strength profile for the actual line under consideration is evaluated

adg
Fig

35S Q ¢ > O

NOT
diffe
this
acc

7.3

Ap
car
a 9
fun

p 1

ditions (ground resistivity = 100 Q m; frequency = 0,5 MHz) is evaluated by adding to
itation function a "field factor". Field factors for three basic phase conductor configurati

p 2

ing to the radio noise field strength of the basic case the correction factors given
ures 5, 6 and 7 for each of the following parameters:
ground resistivity;

frequency;

minimum height above the ground;

spacing between phases;

sub-conductor diameter;

number of sub-conductors in‘a-bundle.

[E Consideration of the extétnal phase only does not unduly affect this simplified approach. A cons
rence between the excitation _functions of the central and external phases is assumed for all configurati
assumption is not generally,verified, but does not give deviations greater than 1 dB to 2 dB. An improveme
iracy can be by considering the average value of the excitation functions.

Evaluationlof corona radio noise field strength due to large tubular conductors

rocedure@halogous to that suggested for the case of large bundle conductors (see 7.4
be followed: the excitation function of each phase in heavy rain is evaluated by means

ction-in other weather categories.

sic
the
bNS

by
in

tant
bNs:
tin

1)

of

emi-empirical formula and a correction factor is then applied to obtain the excitafion

The following formula for the calculation of the excitation function, in dB(uA/m1/2), in heavy
rain is proposed:

Iy, =-121+ 120 log(g) + 40 log(d)

where

g
d

is the maximum gradient on the conductor (in kV/cm);

is its diameter (in cm).

As regards the corrections to be applied to obtain the excitation function in other weather
categories, the following indications may be useful, until further experience is obtained.
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The excitation function in light rain can be related to the one under heavy rain by means of
the correction factor indicated in Figure 8, which is relevant to tubular conductors of 40 cm
diameter. For other diameters, one should expect, as for bundle conductors, the correction
increases as the diameter increases.

As large tubular conductors have low electric gradients, the excitation function has
insignificant values in fair weather conditions. The 80 % all-weather value of the excitation
function thus depends very much on the climatic conditions. In moderate climates, this
value may be obtained from the heavy rain value by applying a correction higher than that
used for large bundles. For these areas, a correction of 15 dB to 20 dB is suggested until
further information is available.

As

eff
exd
Wh
val
dia

The formula given in this subclause may be utilized both for busbars or for line conductors.

In
exd
to
obt
‘ is

SO
‘ in 4

Tuiular conductors are prone to accumulate more contaminant than bundle conductors, the

regards the surface conditions, the following complementary information is available.

ct of which may be sufficient to alter the excitation function. Tests have shown that fthe
itation function will not be altered by the effect of pollutants when the conductor is Wet.
en dry, the presence of solid particles on the surface may increase the_radio noise tp a
e as high as for the same conductor in rain for the highest gradients, especially for |ow
meter conductors.

he case of busbars, the per unit length noise current (ayer I0 can be obtained from [the
itation function 7" by means of the matrix of capacitances of the busbar system (according
he first formula of Annex C). From [y, the total current /, injected by the busbar is then
pined. The noise current injected into each one of the n lines connected to the substatiopn, /,
erived by means of the following relationship (see 5.7.3 of CISPR TR 18-2:  22):

="1n

that its contribution to the line conductor noise can be evaluated with the criteria indicalted
.7.4 of CISPR TR 18-2: 23,

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

23 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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8 Figures
A
50 ]
Heavy-rain / -
n=8 L
d=3,0cm
. CISPR values
gﬁ 7/ Light-rain
| |
% // 50 % Ac (d, n)
40
/
3 ; 5
V; a n=12 !
[«
S 7 R . 2 T n=8
Q Ao v/ Ao = rllght-raln - Fheavy-ram — A+
E U4 o 0 —— =4
7 / < T N
g y = - i
.:-(-! / /‘V — e
Lgl 30 7 5
’ 2,0 3,0 4o
/ / Subgconductor diameter  d (cm)
/
/
/ /
/
20 / / -

10 15 20 25
Maximum voltage gradient  (kV/cm)

Figure 1 — Bundle conductors

fungtion for light rain and for all-time_weather conditions, as a function of the maxi
gradient and number of sub-conductors;

Flight-rain = Fheavy-rain + Ao + Ac

The fair weather excitation function is obtained by subtracting 17 dB from the light rain e
tatipn function.

Ffair-weather = Flight-rain - 17

Correction factors to be applied to the heavy rain excitation function to obtain the excit::r]ion

um

Cci-

In femperateiclimates, the 80 % value of the excitation function 7 for all-time weather condi-

tions can be_obtained by subtracting 10 dB to 15 dB from the heavy rain value.
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50

40

/
\
)

30

Field correctign factor

20
\
\
10
0
0 20 40 60 80 100

Direct distance D (m)
IEC

Figure 2 — Line with conductors in,aflat configuration

Correction to be applied to the excitation functionicalculated for the central phase to obfain
the| radio noise field strength in dB(uV/m) as a function of the direct distance D from the 3gxis

of a line having the following characteristics, and consequent modal matrix and attenuafion
factors:

h |=20 m (minimum height above thezground)
= 15 m (distance between phases)

= 3 cm (sub-conductor diameter)

= 8 (number of sub-conductors in a bundle)
= 450 mm (bundle spacing)

=100-Q m (ground resistivity)

NN 3 Q O»m

= 0,5 MHz (frequency)

0442 0707 0,552
IN| = | 0,781 0,0 0,625 | (modal matrix)
0442 -0,707 0,552

10 x 10-6 Np/m
70 x 106 Np/m (modal attenuation factors)
350 x 10-6 Np/m

O q

a2

a3
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50
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o
e
Z /—\\
S
5 30
C
3
o
5]
S 20 \
f \\
\\
10
0
0 20 40 60 80 100
Direct distance D (m) IEC

Figure 3 — Line with conductors in a delta configuration

Correction to be applied to the excitation functiorn)calculated for the central phase to obfain
thel radio noise field strength in dB(uV/m) as a function of the direct distance D from the 3gxis
of a line having the following characteristics*and consequent modal matrix and attenuafion

facjors:

h £ 20 m (minimum height above the ground of the lateral phases)
= 33 m (minimum height above the'ground of the central phase)

= 15 m (distance between phases)

= 3 cm (sub-conductor diameter)

= 8 (number of sub-conductors in a bundle)

= 450 mm (bundlespacing)

= 100 Q-m (graund resistivity)

-~ »© 3 Q ¢

= 0,5 MHz (frequency)

0412 0707 0574
In| = | -0812 00 0,583 | (modal matrix)
0412 -0707 0574

10 x 1076 Np/m
25 x 10-6 Np/m (modal attenuation factors)
300 x 10~ Np/m

g

a2

a3
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50

40

(dB)

30

20

Field correctign factor

10

0 20 40 60 80 100

Direct distance D (m) EC

Figure 4 — Line with conductors in a triangular configuration

Correction to be applied to the excitation functioh/calculated for the central phase to obfain

the| radio noise field strength in dB(uV/m) as a function of the direct distance D from the 3xis

of @ line having the following characteristics and consequent modal matrix and attenuafion

facjors:

h |= 33 m (minimum height above the-ground of the lateral phases)
=20 m (minimum height above_the ground of the central phase)

= 15 m (distance between phases)

= 3 cm (sub-conductor diameter)

= 8 (number of sub-conductors in a bundle)

=450 mm (bundle spacing)

=100 Q'm (ground resistivity)

- © 3 Q un

= 0,5 MHz(frequency)

0,476 0707 0,447
IN| = | -0740 00 0775| (modal matrix)

0 476 0707 0 447
1O 1 oH

oyt

oq =25x 1076 Np/m
o, =15x 1078 Np/m (modal attenuation factors)
oz =250 x 1076 Np/m
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Figure 5 — Line with conductors in a flat configuration

IEC

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 2, to account for ground resistivity p, frequency f, number of sub-conductors n,
interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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Figure 6 — Line with conductors in a delta configuration

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 3, to account for ground resistivity p, frequency f, number of sub-conductors n,

interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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IEC
Figure 7 — Line with conductors in a triangular configuration

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 4, to account for ground resistivity p, frequency f, number of sub-conductors n,
interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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Figure 8 — Tubular conductors of 40 cm diameter

rection factor in dB to be applied.tothe heavy rain excitation function to obtain that un

t rain as a function of the maximum voltage gradient.

der
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Annex A
(informative)

Formulae for predicting the radio noise field strength
from the conductors of an overhead line

A.1 CIGRE formula for general use

Thiwwwww il gi i i i the
summation of fields made by a CISPR measuring receiver at a frequency of 500 kHz and\at a

dirgct distance of 20 m from the nearest conductor with the antenna 2 m above ground:

The¢ elementary formula for a single phase of an AC line is:

E=3,50gmnax +12r-30, indB(uV/m) (A.1)
where
E is the level of the radio noise field strength, in dB(uV/m);
Imax IS the maximum gradient of the RMS value of the voltage‘at the conductor surface, in
kV/cm;
r is the conductor radius, in cm.

Prgcise calculation of the maximum voltage @radient at the conductor surface] is
recommended because of its important effect on_the radio noise level. A calculation methodl is
sudgested in Annex A of CISPR TR 18-1:__ 24,

For single-circuit three-phase lines, the previous formula can be expanded to:

2 BrZag
E1 — 3,5 Imax 1 +12 rq - 33 |Og10 20

D
EyE 3.5 grax 2 + 12 rp —.3%0g 4, %—30

D
E3 [ 3.5 Omax 3. %12 15 — 33 loggp -~ 30

where D45.D, and D5 are the direct distances, in m, from the phase conductors to the antefna
of lre measuring instrumentation.

These formulae can also be used to determine the level of the radio noise field strength at
measuring positions other than the 20 m reference distance.

The summation of these three field strength contributions is made in the following way: if one
of the fields is at least 3 dB greater than each of the other two, they are both neglected,
otherwise, we have.

=E8+Eb +
2

E 15, in dB(uV/m)

24 under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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where E, and E, are the two highest among the above three levels.

For a double circuit line, the radio noise field strength produced by each of the six conductors
is calculated as above at the measuring position. The fields produced by the phases corres-
ponding in time are then added quadratically and the three resulting fields are summated as
above.

It should be noted that this method will give the most probable noise level of a line in fair
weather at 500 kHz. To obtain the level at a frequency different from 500 kHz, the correction
shown in Figure B.14 of Annex B of CISPR TR 18-1:__ 25 should be used. If calculations have

to he made Tor distance different from Z0 m, then the Tormula in 5.3.6 of CISPR TR 18-Z__]

sha

The radio noise level for weather conditions other than mean dry, fair weather can

est

The effect of different altitudes of phase conductors above ground can be-taken into acco

by

wh
phd
dB
alti

Table A.1 contains an overview about the separate terms of in predetermination formulae

AC
obt

Table A.2 presents the,_complete formulae comprising all relevant terms as in Table A.1 u

for
des

Table A.3 eventually presents examples for calculations of absolute field strength leV

tog

uld be used.
mated using Figure B.15 of Annex B of CISPR TR 18-1:_ 27,

Lising the following expression:

a
E.=E, + 0
h (0] 300 )

in dB(pnV/m)

pre E is the radio noise field strength level, in dB(uV/m) at an altitude a, of the respec
se conductor E, actually belongs to, in m, and<&, is the radio noise field strength
uV/m), at the observation point of E,, caused by a phase conductor located at a diffen
ude a above ground, in m.

Collation of predetermination formulae used by several institutions
around the world

lines used by several institutions around the world. The information in Table A.1 v
pined from a literature research, for more information see [5], [14, 15].

comparison purpgses, i.e. for comparison of the radio noise level radiated from diffen
igns of HV overhead power transmission lines.

ether withythe results of these calculations.

26

be

unt

ive
in
ent

for
vas

sed
ent

els

le’/A4, in contrast to above Table A.1 to Table A.3, presents empirical predetermina

weather used in several institutions.

ion

Table A.5 shows formulae for calculation of the excitation function, in dB(pA/\/H), in fair
weather for DC lines.

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

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

27 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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Annex B
(informative)

Configuration of an RF-based spark discharge detector
and Direction Of Arrival (DOA) estimation method

B.1 Configuration of RF-based spark discharge detector

of an antenna array, which has e.g. four vertical dipole antennas arranged in square w

and a CCD camera.
X\

ant]

rat¢: 50 GS/s). The antennas and oscilloscope are connected by co )%T cables. A P

i m
antennas spacing, coaxial cables, a high-speed digital oscilloscope, a personal comp, lJ%F’C),

ThI3 antennas should be fixed to a wooden frame. The radio wave noise isﬁ&eived by [the

sts

nnas and recorded by a digital oscilloscope (e.g. frequency band: DC ~2 GHz, sampling

g is

apflied to estimate the DOA. It is convenient to make camera to ai utomatically at fthe

estimated DOA by computer instruction. &

\%ng (Estimating DOA

Oscilloscope C) taongasn?z?a")]g instruction

Dipole antenna CCD

. ot
.

O

Wooden fra(ge\'
C;\\C) DOA display software
. IEC

Figure E).@— Configuration of RF-based spark discharge detector [17]

Arrival (TDOA) [17]

Whe{(zeferring to Figure B.2, the distance between a given radio noise source due to

B.? D@ﬁof Arrival (DOA) estimation method based on Time Difference pf
r

tPad

contact and the antenna array Is sutriciently large compared with the spacing S between the

individual antennas in that array, then the radio waves can be treated as plane waves,

and

the incident angle 6 (azimuth angle in Direction of Arrival (DOA)) of the radio noise wave to
the antenna array can be estimated, in general, from Time Difference of Arrival (TDOA) by the

following expression,

_1( er
@ cos | — |,
(SJ

(B.1)
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where

c

T

is the propagation velocity of EM wave, and

is a time difference of arrival.

S: source
A;: antennak (k=1,2,3,4)

Wh

reld
ang
the

Frog

y P 7 e ’

A A} /// _- Qo
LAY 3N DA 1,
L N 90°
@ Si - =S
c——————— >
S
Ay A,

X

IEC

Figure B.2 — Coordinates and arrangement of the four-antenna-square array

en using a four-antenna-square array» as shown in Figure B.2 and the TDOA between fthe
antennas 1 and 3 being 743, andthe TDOA between antennas 2 and 4 being 7,4, [the

tionship between 745 and incjdent angle 6,3 and the relationship between 7,, and incident
le 6,4 can be represented by Using Equation (B.1). Using the incident angles 8,3 and §,,,

azimuth angle a, and elexation angle f can be represented by

C0S 43 =COS fCOS

CoS B4 = COS fCOS

m (B.1), (B.2) and (B.3) @ and f can be represented as

a= 45°— tan1{72—4], —45° < ¢ < 135°
713

—_135°— tan_1(72—4], 135° < o < 315°
13

,B:cos’1 < 2 +72 , 0°< pB<90°
S 13 724

13

where

Si3

is the distance between antenna 1 and 3.

(B.4)


https://iecnorm.com/api/?name=ce00ce3c2bb137a4b77d51d1110ae708

CISPR TR 18-3:2017 RLV © IEC 2017 - 45—

CcA1

Annex C
(informative)

Analytical procedure for the predetermination of

the radio noise field strength, at a given distance from
an overhead line with large bundle conductors

Analytical procedure

ThJe procedure makes reference to the geometry of the line as indicated in Figure C.1.

1)

2)

3)

4)

analysis, as the eigenvectors of matrix |C|—1 (|Z| and | Y| are the series impeda

and the shunt admittance matrices, respectively). Typical values of |N| are given
different line configurations in Figures 2, 3 and 4.

= [N[-1x |4

Mo |
the modal propagation-factors (4,, = «,, + j X B,,) and considering subdivision of
currents into the two sections of the line.

P )| =05 exp(-4,%) % iy | (m =1a3)

The factorss4,, are obtained as eigenvalues of the matrix |B\ or experimentally. Typ
values of\&,, are given for different line configurations in Figures 2, 3 and 4.

Determination of the phase currents at the reference section of the line.

lic) | = I[N < Ji )]

Determination of the corona currents |i0| at a longitudinal distance x from the referepce
section, due to the excitation function 774 of phase 1, considered constant.along all fthe
line (uniform distribution of corona sources).
Iy
liy| = lclx|rlizne, lrl=1o0
0
where
| C| is the matrix of the line capacitances;
g, is the absolute permittivity of air.
Determination of the modal currents |iom ‘ , bydising the modal transformation matrix ‘ \l‘ ,
obtained as the eigenvectors of the matrix ‘B| = |Y| x |Z‘ or, in a more simplified

hce
for

Determination of the modakeurrents |im(x)‘ at the reference section of the line, by udging

the

cal

Determination of the horizontal component of the magnetic field strength H,(x,y) and

the

corresponding vertical component of the electric field strength Eq(x,y) at a given lateral

distance y from a reference position.
E (x,y) = 120 m X H4(x,y) = 60 ZJ- ii(x) x Fi(y)
where
Fily) = /122 +(y = y)?1 + (; + 2p) | [(zj + 2p)? + (y — })°]
and

p= y(p/muf) ;
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where
p is the ground resistivity (Q-m);
f is the frequency (Hz);

Uy is the magnetic permittivity of the free space.

5) Accumulation according to a quadratic law, of the field strength contributions due to all the

6)

7)

An

corona sources at various longitudinal distances from the reference line section.

Ey(y) = \/ (2 I| E1(x,y) | 2dx)

Introducing the previous expression for E4(x,y), performing the integration and assuming

Bm = Bn = aym — ap, the following expression for E,(x) may be obtained:
Eqy) = \/{Zm(Amz lam )"'Zm,nzlAm “An '(am T an )/(‘J‘m2 +an2)J}

An=30iom Zi[Nim FI (m,n = modes; i = phases)

With reference to the same lateral distance y, the same calculation method is applied

assuming corona generation on phases 2 and 3.

0 0
|F|2= Fz |F|3: 0
0 I'3

Putting the three values of electric field strengths, expressed in dB(uV/m), in decreading

order [E (y) Ep(y) E.(y)], the level of the total field strength E(y) in dB(uV/m
obtained, according to the CISPR rule, as follows:

E(y) = Eo(y), if E5(y) Ep(y@ 3 dB,
E(y) = [Eq(y) + Ex(¥))/2 + 1,5 dB in the other cases.

NOTE For double circuit lines, the same* procedure is applied, calculating the absolute field strength va
E\'(y), E{"(v) E)'(V), By"(¥); E5'(Y), EgH().

Eq(y) = JEC () +E(y)]

E,(y) = JE>'(v) + E5"(y)]

Ea(y) = JEs'(v)+E3"(y)]

example of the procedure illustrated above is given in Clause C.2.

is

ues

C.2 Example of calculation of the radio noise field strength

Given a line with the following characteristics (reference is made to the scheme of Figure 2).

Voltage V=1050kV
Number of sub-conductors n==8
Subconductor diameter d=3cm

Spacing between sub-conductors s=45cm

Minimum height on the ground hy =hy, =h3 =20m

Sag 15 m
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Interphase spacing S=15m
Two earth wires

Earth resistivity p =100 Q-m

Then the maximum voltage gradients are (see CISPR TR 18-1:__ 28, Annex A):

e for the lateral phases 16,5 kV/cm
o for the central phase 18,2 kV/cm

The excitation functions in heavy rain (see 7.2.2):

e |for the lateral phases 70 — 35,45 + 16,7 — 9,03 = 42,2 dB(pA/m1/2)
(corresponding to 128 uA/\/E)

e |[for the central phase 70 — 32,18 + 16,7 — 9,03 = 45,5 dB(nA/m1/2)
(corresponding to 188 pA/«/E)

The¢ matrix of capacitances:
0,2442 -0,0491 -0,0123

lcl /2ne,= | -0,0491 02563 .£0,049 1
~0,0123 -0,0491( 0,244 2

Consider first corona generation on phase 1 only. Then:

128
' Al,= 100 (wA/Ym)
0,0
0,244 2x128 3125
lioll = lCIx|rly/2ne,= |~0,0491x128| = |-628 (nA/Nm)
0,012 3x128 _157

Asguming, for the simplified analysis:

0,442\ 0,707 0,552
N = | —0781 00 0,625 [IN[=1=[N|T]
0421 -0,707 0,552

Th, madal-errranta ot tha ~anaAaraotian oot s fibha lina than raci It fa.
oo U et at e ygoTeTatoTT ST oo OT e e oI roSurt .

18,02
ligem)| = IN[-1x [i| = [2322] (nA/Wm)
12,47

Assuming the penetration depth p = 7,1 m, the field factors then result in:

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


https://iecnorm.com/api/?name=ce00ce3c2bb137a4b77d51d1110ae708

- 48 — CISPR TR 18-3:2017 RLV © IEC 2017

y (in m) F1(y) Fa(y) F3(y)

0 0,055 25 0,10 0,055 25
10 0,033 78 0,08 0,096 15
20 0,021 69 0,05 0,099 01
30 0,014 79 0,030 76 0,058 14
40 0,010 63 0,02 0,045 25
50 0,007 96 0,013 79 0,028 09

The modal attenuation factors for the line under consideration (with p= 100 @ and
f=10,5 MHz) are assumed to be

10 x 10-6 Np/m

oq F
a, F 70 x 1076 Np/m
az 350 x 108 Np/m

The electric field strength level E,(y) results in:

Y(nm) Eq(y) (in dB(nV/m))
0 71,0
10 70,2
20 69,2
30 66,3
40 62,7
50 59,4

Cohsideration of corona generation on phase 2 only.

0,0
], = [188 (hA/m )
0,0

With the same approach as before, the electric field strength level E,(y) results in:

y (ip m) Ex(y) (in dB(pV/m))
0 79,9
10 77,9
20 76,0
30 73,1
40 69,7
50 66,5

Consideration of corona generation on phase 3 only.

0,0

Irl,= |00 (hA/Ym)
128
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With the same approach as before, the electric field strength level E5(y) results:

y (in-m) E5(y) (in dB(uV/m))
0 71,0
10 74 1
20 75,1
30 72,3
40 68,5
50 63,1

Total electric field evaluation

Acg¢ording to the CISPR rule, the total electric field strength level is then:
y (in m) E(y) (in dB(nV/m))

0 79,9

10 77,9

20 77,1

30 74,2

40 70,6

50 67,1

The lateral field strength profiles of E,, E,, E; and of the total field strength E are plotteq i

Fig

ure C.2.
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Figure C.1 — Designation of the geometrical quantities
for the simplified analytical method
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Figure C.2 — Lateral profiles of the radio noise field strengths produced by
the individual phases and of the total field,/as calculated in the given example
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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 3: Code of practice for minimizing
the generation of radio noise

FOREWORD

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

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

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

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

fhe formal decisions or agreements of IEC on technical matters”express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformjty» 1IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergs
between any IEC Publication and the corresponding national or regional publication shall be clearly indicatg
he latter.

EC itself does not provide any aattéstation of conformity. Independent certification bodies provide confor|
hssessment services and, in-sonie areas, access to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

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

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

ndispensable for the correct application of this publication.
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IEC

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

\ttention is drawn to the possibility that some of the elements of this IEC Publication may be the subje

t of

atent rgnts. TEC shall not be nheld responsible Tor iaentitying any or all such patent rignts.

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

a)

b)

localisation system of spark discharges which might contain frequency components up to

3 GHz;

information regarding equations for predetermination of the radio noise level from HV
overhead power lines.

The text of this technical report is based on the following documents:
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-t y peH—eR—-eHhs

CIS/B/655/DTR CIS/B/676/RVDTR

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

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

ist of all parts of the CISPR 18 series can be found under\the general title R4

Dsite.

the

dio

rference characteristics of overhead power lines and high-voltage equipment, on the IEC

Th¢ committee has decided that the contents of this publication will remain unchanged until

the
reld

Ab

stability date indicated on the IEC website under-"http://webstore.iec.ch" in the d
ted to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

ilingual version of this publication may be issued later on.
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IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicat
that it contains-‘colours which are considered to be useful for the corre
unglerstanding «of-its contents. Users should therefore print this document using
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ur printer.
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INTRODUCTION

This Technical Report is the third of a three-part series dealing with radio noise generated by
electrical power transmission and distribution facilities (overhead lines and substations). It
contains recommendations for 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 andiHV

stafions and also to anyone concerned with checking the radio noise performance of a line to
endure satisfactory protection of radio reception. Information on the physical phenomg¢na
invplved in the generation of electromagnetic noise fields is found in CISPR TR,18-1. It dlso
includes the main properties of such fields and their numerical values. CISPR TR 1B-2
corltains recommendations for methods of measurement for use on-site or_in & laboratory. It
furfhermore recommends procedures for determination of limits for the radio noise from |HV
power systems.

The second editions of CISPR 18-1, -2, -3 underwent thorough_edition in the maintenapce
wolk. The purpose of the maintenance work was to review for dpdate in the measuremlent
corjditions, terminology, and the lateral profiles of radio noiseCetc. Other updates belonged to
the|ldescription of HVDC systems and to the upper edge measurement frequency.

The review for this third edition of CISPR 18-3 focused,on the following issues:
a) |description on gap noise locating system invelved in the expansion of upper measuifing
frequency from 300 MHz to 3 GHz;
b) |collation of predetermination formulae of;radio noise level for DC power lines involved in
update on DC description.

The CISPR 18 series does not deal¢with biological effects on living matter or any issties
related to exposure to electromagnetic fields.

Conpsidering
a) [that the radiation of-electromagnetic energy from overhead power lines cauges
interference,

b) |that the level of this 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 the&se faults,

thi§ document recommends as CODE OF PRACTICE for minimizing the generation of radio
noipey that the latest edition of CISPR Publication 18-3, including amendments, be used| as
guige.for minimizing the generation of such noise caused by overhead power lines.

CISPR TR 18-1 describes the main properties of the physical phenomena involved in the
production of 123 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 125 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.

NOTE The recommendation above is based on CISPR RECOMMENDATION No. 57.
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RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

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

Thi
ling
the

Scope

5 part of CISPR 18, which is a technical report, applies to radio noise from overhead po

fields from power line carrier signals.

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

2

cor
cite
any

IEQ
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CIg
vol

CIS
vol

1SC
asy

NOT

3

Normative references

The following documents are referred to in the text in such a way that some or all of tjveir

age equipment — Part 2:\Methods of measurement and procedure for determining limits

ociated terms (VIIM)

E Informative.references are listed in the Bibliography.

Terms and definitions

For

the’ purposes of this document, the terms and definitions given in IEC 60050-161 and

ver

s and high-voltage equipment which may cause interference to radio reception, excluding

tent constitutes requirements of this document. For dated references, only the edifion
d applies. For undated references, the latest editiah of the referenced document (including
amendments) applies.

60050-161, International  Electrotechnical Vocabulary (IEV) -  Chapter 161:
ctromagnetic compatibility

PR TR 18-1:__ 1, Radio interferenece* characteristics of overhead power lines and high-
age equipment — Part 1: Description of phenomena

PR TR 18-2:__ 2, Radio interference characteristics of overhead power lines and high-

IEC Guide 99, International vocabulary of metrology — Basic and general concepts and

the

ISO IEC Guide 99 apply.

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

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

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

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

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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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 document within acceptable
levels.

4.2 Corona on conductors

Dutring 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 4 specified
acdeptable level. The most important parameters are conductor diameter and“numben of
corlductors per phase. Other parameters that could be varied, such as distance betwg¢en
phdses, height of conductors above ground or spacing of sub-conductors in’the bundle, the
a s$maller effect. In practice, they are usually determined by mechanical or insulafion
requirements.

The¢ quantitative laws that determine the level of radio noise caused by conductor corona fpre
disgussed in 4.3 of CISPR TR 18-1:__3, and in Clause 7. Thesé laws normally apply to both
stranded and smooth conductors, since the surface unevenpeéess caused by stranding does |not,
in general, substantially change the noise level, especially when conductors are damp or Wet.
The existence of scratched or broken strands or deposits of extraneous substances such| as
dirtf or insects on the surface, on the other hand,<may lead to severe localised cor¢na
disgharges, due to high local voltage gradients./Jhis may considerably increase the nqise
level of the line. For these reasons, it is necessary to avoid damage to the conductor surface
during construction. It should be handled with.great care in transportation and erection and
suifable techniques should be used to avoidccontact of the conductor with the ground or other
objects during stringing. It is also advisable to avoid external greasing of the conductor|for
protection during transportation and tensioning; when the conductor is loaded, the increasI in

temperature, especially in hot weathery will cause this grease to run to the outside, gatheining
dirf and leading to areas with high.local gradient and consequent radio noise. When the sfeel
core or inside layers are greased\for corrosion protection, a type of grease should be selecfed
that will not migrate to the surface of the conductor even at the highest temperature.

4.3 Corona on metal hardware

Raglio noise due to.caorona on metal hardware, such as suspension clamps, dead-end clanps,
yoKes, guard rings, horns, spacers, etc., can be controlled. Appropriate shapes &nd
dimensions may\be specified during the design stage in order to avoid points of high voltage
gradient. All.edges and corners should be well rounded, bolt heads should be rounded or
shielded and sharp points and protrusions should be avoided. It is also important that fthe
protectivergalvanized finish on hardware be smooth, particularly at points of maximum voltage
gradient.

Guard devices are sometimes installed to protect an insulator string from the destructive
effects of a power arc and to improve the distribution of the potential along the string. They
also contribute to the reduction of the level of radio noise from the conductor clamps, since
they screen sharp points or protrusions on the clamps. The type and dimensions of the guard
devices should be chosen in such a way that they do not themselves produce radio noise. For
example, the use of simple horns should be avoided at voltages exceeding about 150 kV, and
the diameter of tubes forming guard rings should be sufficiently large to ensure that no corona
occurs during rain.

3 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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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
4.4{1 Clean or slightly polluted insulators
The radio noise produced by these insulators under dry conditions can be controlled'by:

e |the use of insulators of suitable design, especially as regards their geometry and fhe
characteristics of the material at the more critical areas, or

e |the use of guard devices designed to improve the distribution of voltage on the surfacg of
the insulator or along the insulator string.

In ihsulator design, the use of conducting glaze, for example, improves the distribution of fthe
surface voltage gradient on the insulator. In the design of \aZguard device, a metal ring| as
close as possible to the insulator, or to at least the first two_or three insulators at the line ¢nd
of an insulator string, may considerably improve the voltage distribution on the insulatof or
alophg the insulator string and reduce radio noise. Theing, however, shall remain compatible
with other requirements such as insulation withstand, protection of the insulators from poywer
arcp, 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
thel noise under dry conditions. It is, however, seldom a critical factor in line design, since fthe
incfease in noise due to water dropletsion the insulators is usually less important than [the
corfesponding increase in noise produced by the conductors.

4.4{2 Very polluted insulators

Ungler dry conditions, in addition to the phenomena that cause noise on a clean insulator,
other phenomena of the, corona type may occur due to surface unevenness created|by
pollution deposits, assmentioned in 6.1 of CISPR TR 18-1:__ 4. Under these conditions eyen
careful design of the) various parts of an insulator may be of little benefit. Stress confrol
deyvices suitable for improving the voltage distribution on the insulator or along the insulator
string, however-may considerably improve the radio noise performance.

WhHhen the-polluted insulator surface is wet, radio noise is generated by sparks across the dry
bands, \created by the leakage currents, as discussed in 6.1 of CISPR TR 18-1:
Ocg¢asionally, this noise has very high frequency components. It may affect both sound ¢ zpnd
television reception and is difficult to control. The only practical remedy is to limit the leakage
current activity on the surface of the polluted insulator. This may be achieved by:

a) diminishing the voltage stress on the insulator — for example by using a longer surface
creepage path than is necessary for electrical withstand;

b) using special types of insulators such as those made of organic material or coated with
semi-conducting glaze, or designs with a longer creepage path such as fog type units,
special shapes, etc.;

c) coating the insulators with silicone grease.

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
5 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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4.5 Spark and microsparks due to bad contacts, commutation effects

Remedial measures for eliminating or reducing these types of radio noise are described in
Clause 5 and in 8.4 of CISPR TR 18-1:__6 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

gamaqe 10 amp 0 D alo Or 3 m a ors
In general, these defects shall be eliminated in order that the power syst

ise
be
nal
att¢nuation along the line is very high. When only low and mediuni “wave frequencies pre
aff¢cted, location of the noise source may require the recording ofsthe longitudinal attenuafion
of fthe radio noise field strength, combined with optical, ultrasgnic or ultraviolet devices,| as
disgussed in Clause 5.

5 | Methods of prediction of the reference level 6f an overhead line

5.1 General

This document has been written to provide the“engineer in the field with the theoretical and
prajctical background necessary to deal with’radio interference problems. Technical aspgcts
haye been dealt with in Part 1 and many,of the aspects discussed are dealt with in this clatise
in g simplified manner to bring togethet the theoretical and practical issues.

The reference level of a line is the strength of the radio noise field at a reference frequehcy
of 500 kHz and at a direct distance of 20 m from the nearest conductor of the line. Where fthe
voliage gradient in the airafithe surfaces of the conductors of a normal line is greater than
abqut 12 kV/cm to 14 kV/cm, depending on conductor diameter, the radio noise performance
of fhe line is determinéd by the performance of the conductors. The number and diametef of
thel conductors perphase of a proposed line are often decided by the current-carrying
capacity required(or by economic considerations and usually a prediction of the reference
level is required\for a particular weather condition. If a line is designed with the conductorg at
igh surface-gradient, very little can be done to reduce the noise level once the line has
begn constructed.

Figure’B-14 of CISPR TR 18-1:__7 gives the correction to be applied to a radio noise Igvel
relat .

Where the voltage gradient in the air at the surfaces of the conductors of a line is less than
about 12 kV/cm, the radio noise level is usually determined by the insulators and hardware. In
this case the radio noise performance of the line is inherently good and it is usually desirable
to preserve this good quality by selecting insulators and hardware of a matching quality. Most
of the methods of prediction or predetermination are concerned with the conductor noise and
do not apply to lines where the conductors are at a low surface gradient. None of the methods
applies to sparking sources at loose or imperfect contacts.

6 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
7 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.2

Correlation of data given elsewhere in this publication

This subclause contains information about the correlation of the radio noise voltage at the line
and the resulting radio noise field strength at ground level at a certain lateral or direct
distance slant to the respective line.

a)

b)

10
11
12
13
14
15

Methods relating to noise from conductors

Subclause 5.3 of CISPR TR 18-1:__ 8 gives a survey of methods of prediction or
predetermination for AC lines, both analytical or semi-empirical and empirical or
comparative.

Ihe 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 nois€-voltage

wet test in this method since in this case the number of individual corona sources per
length is sufficiently high to represent a statistically satisfactory sample.

The simple comparative formulae referred to in 5.3 of CISPR TR 78=1:__ 10 rely on [the

conductor diameter. If the design of the reference and the proposed lines are similar
the operating conditions such as air pollution, etc., are~also similar, a fairly accu

due to conductor corona. The effects of weather‘may also be determined by taki
measurements on the reference line in a variety of ‘weather conditions.

In 5.4 and Annex B of CISPR TR 18-1:__ 11\{s given a catalogue of radio noise fleld
strength profiles resulting from conductor ~corona for certain designs of single cirguit
overhead line. The profiles are correct when the value of the voltage gradient in the aif at
the surfaces of the conductors of the lines are sufficiently high to produce radio noise. 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-47 dB and 25 dB. The profiles show the attenuation of fthe
field with distance normal to the lines for distances out to 150 m.

For DC lines, reference .is"made to 8.2 of CISPR TR 18-1:__ 12 for the calculation of fthe
noise level.

Method relating to noise from insulators and/or fittings

Subclause 6.2 of GISPR TR 18-1:__ 13 gives a correlation between the radio noise voltage
generated by a_hardware or component of a line, when measured in accordance with fthe
procedure given in 4.5 of CISPR TR 18-2: 14, and the level of the reference field. Tlhis
correlation-applies where the line has a single noise source, for example a broken
insulator,/or where multiple sources are distributed uniformly along the line. The method,
whichnincludes a semi-empirical formula, is particularly useful where the conductors gf a
proposed line are to operate at a low surface gradient and a prediction is required of fthe

reference level to bhe pyppr‘tpr‘l from the insulators of the line When the measure nt
procedure according to 4.5 of CISPR TR 18-2:__ 15 is carried out on insulators, then they

Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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are usually in a clean and dry condition, since this condition is normally specified. But the
procedure is not restricted to measurements on clean and dry objects and specially
polluted sample insulators could be tested when damp and when dry and the results
inserted into the formula to predict the reference level of a proposed line.

c) Methods relating to aggregate noise from the conductors, insulators and/or hardware

Subclause 5.2 of CISPR TR 18-1:__ 16 gives information on the use of test lines. Where
conditions relating to a new design of line are such that they cannot be related to data
available from an existing line, the expected performance is sometimes studied on a
relatively short test line. Such test line studies are particularly useful when a new system,
for operation at a much _higher voltage than hitherto, is in the planning stage. The radio
noise performance of the experimental line is monitored in a range of weather\ and
atmospheric conditions so that the performance of the proposed line can be assessed
under the conditions it will experience in service. This could also include the ‘effecty of
insulator pollution. Other important data, such as corona loss and acpustic ndise
performance, can also be obtained from the test line at the same time.

In 5.4 of CISPR TR 18-2:__ 17 a method is given whereby the reference levél of a line may
be found which will protect a given broadcast signal strength at a given’distance from the
line for 80 % of the time with 80 % confidence.

5.3 CIGRE formula

A dimple direct formula has also been evolved for predicting the level of the radio noise field
strgngth to be expected from the conductors of AC lines.The formula, which is empirically
baged, gives the most probable level to be expected from¢aged conductors in fair weather at a
dirgct distance DO 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 seen, the formula
gives the noise from one phase conductor or Hundle of a line and the effects of the other
corlductors may be taken into account by a ‘summation process. However, for a numbef of
dedigns of lines within these ranges, it is found that only a small error is introduced if only fthe
corlductor producing the highest noise *at the measuring point of a three-phase ling is
corlsidered; usually this is the nearest eohductor but not necessarily so in all cases.

The formula is

E=3,5 gax * 127-30,  in dB(uV/m)

where

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

Imax is theqmaximum gradient of the RMS 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]18 or, if the line exists, the 80 %
level may be determined with a high degree of confidence, by measurement. Methods of
determining the 80 % level are as follows:

16 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
17 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
18 The figures in square brackets refer to the Bibliography.
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1)

2)

3)

for an existing line, the 80 % level may be determined, with a high degree of confidence,
from the all-weather distribution curve obtained by measurements made over a period of
one year;

if the all-weather distribution curve is not available, or in the case of a proposed line, the
results of measurements made one line of similar design in a similar climate and pollution
environment could be used;

from the figures mentioned in 4.3.4 of CISPR TR 18-1:__19 it is seen that, on average, the
80 % level for a line is 10 dB greater than the 50 % level. Therefore, if the 50 % level is
known, the 80 % level may be estimated;

+h oNn 0/ 1

4)

5.5
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fair-weather level estimated from the simple formula given in 5.3.
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Conclusions

The particular method of prediction to use in the case of a particular proposed_line will dep¢nd

on
is
les
ang

whether the interest is in conductor corona or noise due to insulators and/orhardware that
hether the conductors are to operate at a voltage gradient greater than about 14 kV/cm or
5 than about 12 kV/cm. For voltage gradients in between these values; both the conductors
the insulators may contribute to the noise level of the proposed lifne-

The¢ simple comparative formula referred to in item a) of 5.2, the)catalogue of radio noise field

strq

ngth profiles referred to also in item a) of 5.2 and the CIGRE formula given in 5.3 are| all

sSim
rea

projposed line. It should be borne in mind that owing to the variable nature of radio noise

its

diffjcult to measure the reference level of a line with any high degree of accuracy
reproducibility.

Th

not
the
5.2

ple to use and, provided they are used within their inherent limitations, they should dive
onably accurate indications of the reference level to be expected from the conductors ¢f a

nd
ependency on the effects of weather, atmospheric conditions, pollution, etc., it is o}en
nd

method referred to in item b) of 5.2 relating to noise from insulators and/or hardware has
as yet, become established practicg for the case of specially polluted test insulators put
method would appear to have promise for this case. If a test line, referred to in item c) of
is available, together with the~time required to carry out experimental work, the likely

refgrence level from a proposed*ine may be obtained with a good degree of accuracy for the

par

6.1

Ra
in g
brig

ticular conductor, insulatorsvand hardware proposed.

Preventive and remedial measures to minimize radio noise generated by
bad contacts and their detection and location

General

jio noise_generated by sparking at bad, that is loose or imperfect, contacts occurs mainly
ry weather since in wet weather the comparatively small gaps involved usually became
ged with moisture.

6.2
Wh

1)
2)

On

Preventive and remedial measures
en constructing high voltage equipment it is important

to ensure that all fixing bolts are securely tightened, and

to bond conducting elements, as far as is possible, either to earth or conductor potential.

distribution lines, bonding adjacent metal surfaces is important but bonding to earth or

conductor potential is not required for spark suppression. If bonding to one side is not
possible (for example at the pin and clevis, or ball and socket, couplings of an insulator string),

19 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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the adjacent conducting elements should have good metal-to-metal contact and the whole
assembly should be well insulated from other metallic parts of the equipment. It should be
borne in mind that even when equipment is new, galvanized metallic parts can have a
corrosion coating of zinc carbonate. When the surfaces have weathered, additional oxides
and sulphides may be present and an imperfect contact may result leading to the possibility of
gap-type discharges. The phenomenon may occur when suspension insulator strings have
inadequate mechanical loading.

The following preventive and remedial measures have been found to be effective:

a)

b)

c)

d)

f)

g)

h)

Conductive arease and naste
) g

A quick and economical method is the application of conductive grease to the socke{ or
clevis area of insulators. This is a temporary cure, however, and it is necessary ta_re‘agply
the grease at a later date. The use of a copper paste, instead of conductive gredse,
promises to be a more lasting remedy but care shall be taken to ensure thatthe greaseg or
paste does not find its way on to an insulating surface.

Ordinary, non-conductive grease applied to freshly galvanized surfaces will inHibit
corrosion.

Bonding brush

The application of a bonding brush, with stainless steel bfistles, is a temporary cyre,
lasting for some three to five years, by providing metal-to<metal contact in the pin @nd
clevis, or ball and socket, area.

Bonding clip

Where pin and clevis type insulators are used, bonding clips can easily be installed in fthe
pin and clevis area. It is especially important,'that these be installed in the condugtor
clamp connection with the line end insulator. There are several types of clip suitable|for
insertion between ball and socket which maintain sufficient pressure to break down [the
oxide film.

Permanent bonding

The best results are likely to beCobtained with a permanent flexible bond across each
individual metallic link of the insulator string, together with bonds from the earth ¢nd
insulator to the cross-arm and’from the conductor clamp to the line end insulator. The
bonds should consist of stranded stainless steel or copper cable and can either be welded
or fastened by screws. The cable should have a plastic covering to prevent bird caging of
broken strands.

Metal weights for insulator strings with inadequate mechanical loading

In order to ensure’good contact between the caps and pins of adjacent insulator units, fthe
strings should.be loaded with metal weights which are well-rounded to prevent corpna
discharges.

Spring.and plastic washers

If a\wooden construction is used, there is some merit in using spring or plastic washgrs.
The’spring washers are capable of preventing loose hardware on poles and cross-afms

due to wood shrinkage. A plastic washer of acefate or nylon also improves fightness of the
nuts. Where these "shake-proof"-type nuts or plastic washers are used, care should be
taken to ensure that there are no insulating gaps between metallic parts. Such a washer is
generally used only between a nut and a wood pole or arm.

Single insulator

The use of a single insulator has the advantage of having fewer possible radio noise
sources.

Pin-type insulators with conducting glaze

With pin-type insulators, sparking may occur on the surface where the conductor rests in
the top groove and at the tie-wire or stirrups in the side groove of the insulator. This
problem may be overcome by using conductive paints or metallization of the insulator
surface in the area of contact. These metallizing agents are effective only if applied
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6.3

together with the glaze during manufacture of the insulator. In the case of pin-type
insulators, if the pin screws directly into a threaded hole in the porcelain, the porcelain
threads should be treated with conductive paint. As an alternative, a threaded metal insert
can be cemented into the pin-hole; although the best solution is to purchase insulators
with the pin-hole glazed during manufacture.

If a PVC insulated conductor is used, there is a possibility of local discharges occurring at
the supporting insulators. These discharges can be avoided by wrapping the PVC with
semi-conducting tape. For an 11 kV line, the tape should extend for 600 mm on either side
of the insulator.

Plastic fasteners and insulated staples

The use of plastic fasteners or insulated staples to secure the earth wire to a wood.\dole
will avoid sparking between the earth wire and its fasteners, particularly if the fastenjers
became loose or corrosion is present.

Methods of detecting and locating bad contacts

WHhen bad contacts are present in a power line or substation, the detection_and exact locafion

of

he radio noise source(s) are more important than the measurement\of the resulting fleld

str¢ngth. Practical methods for the detection and location of these bad’contacts are descrilped

bel

Sin
rad
rec
rad

Wh
at
Wh

frequency range, few instruments are available that cover this spectrum. Few have b

des
neq

bw. Measurements and observations should normally be made in fair weather.

ce a high voltage power line and associated equipment(s)‘often the source of different
io frequency fields, it is necessary to trace the radio (heise by starting at the disturlped
piver. The first step in the investigation is to obtain antaural and/or visual indication of fthe
io noise, by using a loudspeaker or headphones and an oscilloscope or television receiyer.

en tracing the source(s) of radio noise due to.bad contacts it is better to observe the nqgise
he highest frequency perceptible because.of the more rapid attenuation along the line.
ilst it is preferable that the apparatus usgdfor tracing should cover the whole radio ndise

igned specifically for the location of\sources of radio noise and, accordingly, it may|be
essary to modify commercial appafatus to make it suitable.

The following apparatus will be”found useful for locating bad contacts: a) to g) pre

con
pro;
res

a)
b)

c)

ventional instruments and;h) is a modern instrument employing recent digital signal
cessing techniques, which*can estimate the Direction of Arrival (DOA) with high directignal
plution.

A general coveragge receiver (a.m.) tuneable from at least 500 kHz to 18 MHz.

A VHF field, strength measuring instrumentation fitted with a two-element broadband
antenna anda VHF pre-amplifier: The audio output should be amplified sufficiently to f¢ed
a loudspeaker and an oscilloscope.

An escilloscope with sufficient intensity for use in full daylight, when used with a viewing
hood; and a sweep frequency of approximately 500 Hz.

d)

e)

f)

AII UHF fIUiUI Dtlcllgtil IlIUdbUIillu illbtlulllUlltdtiUll flttcu' VVit;l tVVU iIItUIb;IdIIgUdIUiU \I dgl
antennas (one array for 500 MHz and the other for 800 MHz): A moderate level audio
output is required for a loudspeaker. RF pre-amplification is required and IF gain control is
desirable. The whole assembly should be able to be carried by one man.

A small radio frequency detector covering the frequency range MF to VHF but without
automatic gain control.

A small a.m. broadcast radio receiver without manual or automatic gain control and
enclosed in a metal box: The receiver antenna can either be telescopic, to allow for
variation in RF sensitivity, that is to adjust the RF gain, or, preferably, a ferrite rod
mounted inside the metal box opposite a slot of similar length in the box side. The box is
mounted at one end of an insulating tube, a few metres in length and having a diameter of
approximately 3 cm to 6 cm. The output of the receiver loudspeaker is directed into the
bore of the tube while, at the other end, a microphone is arranged to pick up the noise
signal. The microphone output is then fed into an amplifier feeding the headphones or a
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loudspeaker. This arrangement allows the receiver to be placed near to the source of the
disturbance and, with care, can be used even when the radio noise is generated by high
voltage equipment.

The insulating properties of the tube and its length shall be such as to ensure observance
of the safety rules appropriate to the system voltage.

A sensitive ultrasonic detector with a parabolic reflector: In situations where the noise
sources are numerous and are close together, for example in a substation, this can be a
particularly useful instrument, but its use is restricted to fair weather conditions. It should
be borne in mind that this instrument is also sensitive to corona sources.

TAREN booad MNMAOVA fla ot o oot oon it

corj

i)

i)

Radio-frequeney—{RFH-basedBOA—estimation—systerm—with—high—directonralresolution<{see
Annex B): The system with an antenna array, e.g. consisting of four dipole antennag, a
high-speed oscilloscope, and a computing device, e.g. a personal computer, innwhich a
DOA estimation program based on digital signal processing techniques is jnstalled| is
available to locate the radio noise source due to bad contact, which canemit pulsed
electromagnetic waves composed of wide spread frequency components, with high
directional resolution [17, 18, 19].

suggested procedure for locating a radio noise source or sources. generated by bad
tacts is as follows:

Using the investigation apparatus, obtain an aural and/or visual identification of the ndise
signal at the disturbed receiver. Determine the frequencyrange of the noise by scanning
the relevant part of the RF spectrum.

If broadband noise appears, use the highest possible-frequency for tracking. If it is found,
when moving along a power line, that the noise €an"be detected at progressively higher
and higher frequencies, then the source is being approached. In the immediate vicinity of
the source, the noise signal should be detected throughout most of the broaddast
frequency bands. When the higher frequencies start dropping off, the source has bg¢en
passed. Along the power line nulls may occur, at certain positions and at cerfain
frequencies, due to standing wave pattéerns. For wood pole lines, a sledge hammer
be useful. If the base of the pole is_struck with the hammer, noise due to bad contacts| on
that particular pole may either in¢crease drastically or disappear temporarily. This ass|sts
in localizing the wood pole associated with the noise source.

A further method for locating” bad contacts, particularly in a substation where sevegral
joints can be involved, is to-direct a very fine water jet at each suspect metal joint in tyrn.
To provide a high degree' of insulation, a small volume of water, in a plastic containe
mounted at the end of a long rod or pole of insulating material. Two pipes enter [the
container, one which terminates in a nozzle to provide the fine water jet and the other
which carries compressed air, via a valve, from the ground. The operator on the grodind
controls the water jet by means of the compressed air. After having located a bad confact,
a similar device is often used to inject grease, of suitable consistency, into the defeclive
joint.
If narrow band noise is detected, triangulation will best identify the source. Even hgre,
however, at the source's location, the sparking noise will be detected over a broad rafpge

toL100 MHz. Narrow band noise may result from gap-type discharge causing resonanceg in

iv)

v)

a Titting or component.

If more than one noise signal exists, it may be necessary to use the oscilloscope to
distinguish the sources. To determine if a noise source is due to bad contacts (sparking)
or corona, the following information may be helpful:

a) oscilloscope or television pictures usually give clear indication;

b) noise above 30 MHz in fair weather is due to sparking;

c) if the noise occurs only in fair weather, it is probably due to sparking;

d) noise due to sparking predominates over corona noise on lines below about 70 kV.

If the investigation indicated that the source is in a substation, a radio frequency detector,
as described in item €) or a small a.m. portable radio receiver, without automatic gain
control, should be used. The receiver should be placed near to the control wiring and
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earth connection of each item of plant, in turn, so that the wiring may act as an antenna
for the noise source.

vi) In the case of a power line, when the tower involved has been identified, the measuring
instrumentation described in item d) should be used to obtain further bearings. The tower
should be scanned using both horizontal and vertical polarization of the antenna to
determine whether or not the structure contains a source. If no noise field is detected, a
further check should be made by tuning some 10 MHz above and below the measurement
frequency (a null may occur at a particular frequency).

vii) The last step to pinpoint the source should be carried out with the apparatus described in
item f). It may be helpful to scan the insulators, either on the towers or in the substation,
to prove that they are noise-free.

viii]Low-level acoustic noise is often associated with sparking and gap-type discharges and
the very narrow beam width of a sensitive ultrasonic detector, fitted with ,a parabplic
reflector, will often be found useful in locating the source.

>3
=

RF-based DOA estimation system, which can locate the position of the discharge exis{ing
within about 30 m from the system with high accuracy (elevation angles: error may| be
around 2°, azimuth angle: error may be around 3°), is available fortemporally us¢g or
continual verification. In case of the continual verification, ithcan be a detector| of
deteriorated facility or associated equipment and parts.

In the case of temporal usage, the procedure to locate the{radio noise source duq to
spark discharges are as follows;

a) Using the investigation apparatus, obtain an auralkand/or visual identification of [the
noise signal at the disturbed receiver. Determine~the frequency range of the noisg| by
scanning the relevant part of the RF spectrum;

b) If broadband noise appears, use the high€st/possible frequency for tracking. Set|up
RF-based DOA estimation system wheresbroadband noise is observed and locate fthe
radio noise source;

c) If narrow band noise is detected, atcthe source's location, the frequency spectra of fthe
sparking noise will spread over a‘broad range to 100 MHz.

7 |[Formulae for predetermination of the radio noise field strength produced hy
large conductor bundles‘(more than four sub-conductors) and
by tubular conductors

71 Basic principles

Subclause 5.3 reports a simple formula for the prediction of the radio noise field strength to
be lexpected from the conductors of a line. The formula, which is empirically based, gives fthe
mopt probable,tevel to be expected from aged conductors in fair weather at a direct distance
of 20 m from\'the nearest conductor at a measurement frequency of 500 kHz. The formula is
derfived from” measurements performed near to lines operating at voltages between 200|kV
and 765KV and at maximum voltage gradients between 12 kV/cm and 20 kV/cm. The
mepsyrements were performed on lines with single conductors and conductor bundles up to
foursub-conductors.

Methods of predetermination of the radio noise field strength produced by large bundles were
developed in the frame of the projects of overhead lines at voltages equal to or higher than
1000 kV, on the base of measurements on experimental spans or cages. They are based on
the so called excitation function approach.

The excitation function approach is based on the fact that the corona currents injected into a
multiphase line depend not only on the intrinsic characteristics of the conductor under corona
(its gradient, sub-conductor diameter, etc.) but also on the self and mutual capacitance of the
multi-conductor system [4]. The radio noise currents are related to the intrinsic corona
characteristics of the conductor (named excitation function 77) through a relationship of the

type:
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il =lclx|rli@xe)

where

1]

lc

and \F | are the vectors of the phase radio noise currents and excitation functions of
the conductors;

| is the capacitance matrix.

The measurements of the radio noise current in a test configuration of known capacitance

(ca

ge or experimental span) allows the determination of the excitation function.

the
stre
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TheL approach based on the use of the excitation function and analytical methods to calcul]ate

radio noise current propagation allows the predetermination of the radio nogisg” field

ngths for line configurations different from the ones tested.

bther important advantage of this approach is that the radio noise current-measurement in
nge allows the determination of the excitation function under controlled ambient conditipns
ificial rain corresponding to heavy rain) and for different conductor gradients, giving thus
ble and reproducible results.

The predetermination methods based on the concept of excitation function was preferred|for

hig
mo
bed
Prd
(14
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For

her system voltages (voltages equal to or higher than 1 000-kV) where corona is generally
Fe critical and its evaluation can be more accurate. Extensive research in this field has
n performed in various countries: Canada (IREQ), Korea (765 kV Project), Italy (1 000/ kV
ject), Japan (CRIEPI), USA (GE/EPRI-Project UHV, AEP/ASEA, BPA), USSR
00 kV Project). These investigations principally cofisider the case of large bundles and fthe
determination formulae given in this documentvare the result of the comparison and
onalization of a wide number of experimentali\results.

tubular conductors, a similar approach~was followed that led to the predeterminafion

formulae for the excitation function given, in this document. The experience gained in this fleld

is
dog

much less than with large bundles*and consequently the information provided in this
ument should only be used as a-guide.

The investigations were mader-with the view of possible application to overhead lines at

vol
tub
injg
CIg
7.2
7.2

On

ages equal to or higher-than 1000 kV, but the results can be applied to the cases of r|gid
ular bus bars in high voltage substations. In this case, the guided field due to the currgnts
cted into the linés "connected to the substation is of importance (see 5.7 of
PR TR 18-2:__ 20):

Calculation of corona radio noise field strengths due to large bundles
1 Procedure for the predetermination of the radio noise field strength

th'e basis of results of a comparative analysis of the various methods proposed in fthe

lite

ratiire [6 to 13] the following procedure is proposed for the calculation of the radia ndise

field strength at a given distance from the line for lines with symmetrical bundles and aged
conductors:

a)
b)

c)

calculation of the excitation function of each phase in heavy rain by means of a semi-
empirical formula (see 7.2.2);

application of a correction factor to obtain the excitation function in other weather
categories (see 7.2.3);

determination of the radio noise field strength profile by means of complete or simplified
analytical methods based on modal propagation (see 7.2.4).

20 under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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7.2.

2 Calculation of the excitation function in heavy rain

The following formula for the calculation of the excitation function, in dB(uA/m'/2), in heavy
rain is proposed:

Iy, =70 - 585/g + 35 log(d) — 10 log(n)

where

g
d

is the average of the maximum gradients of the individual sub-conductors (in kV/cm);

is the diameter of the sub-conductor (in cm):

n
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gradients, bundle configuration and surfacéZconditions of the conductors (in particular n
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is the number of the sub-conductors in the bundle.

sub-conductor spacing s and the sub-conductor diameter d higher than .0 to 15.

ecially in the case of bundles made of 10 or more sub-conductors.

[E A comparison between the different formulae for the predetermination of~the"excitation function
brmed by CIGRE WG 36.01 [6]. The formula proposed in this subclause gives thedipper envelope of the va
could be obtained with the other formulae and thus gives a conservative evaluation of the excitation func
this reason, the formula is used only for pre-design purposes and for.‘comparison between different

tion by means of measurements on experimental spans or on corona cages.

3 Correction factor to evaluate the excitation function in other weather categon

bwed different approaches: some of them give{formulae similar in structure to those gi
the excitation function in heavy rain, but with.different coefficients; some others prop

aged conductors).

en in Figure 1 can be applied«to the heavy rain excitation function to obtain the 50 % li
value or the 50 % fair weather value.

ne 80 % all time excitation function value, I"gg ¢, is required to apply the indicationg
ts given in CISPRITR 18-2, the knowledge of the percentage of the different weat
ditions (fair weathgr, rain, foul weather, etc.) as well as the statistical distributions of

ws how thesstatistical distributions are related to each other. As a rough indication, /"¢
Id be obtained by subtracting 10 dB to 15 dB from the heavy rain level in temper
hates.

io noise underieach such condition is necessary. Subclause 4.3.4 of CISPR TR 18-1: |

5 formula gives satisfactory results in case of lines with conductors having a ratio betwg¢en

At

bller s/d ratios, the actual excitation function may prove to be much highercthan calculated

Wwas
ues
ion.
line

gns. The design of a line with large conductor bundles would imply a moresaccurate evaluation of the excitgtion

ies

other weather conditions (light rain, wet condugtars, fair weather), various experimenters

en
DSe

rection factors to be applied to the heavy rain levels, constant or depending on the voltage

ew

a guidance, if no more precise -information is available from tests, the correction factors

ght
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7.2

4 Calculation of the radio noise field strength

7.2

4.1 General

The calculation of the radio noise field strength at a given distance from a three-phase line
may be performed starting from the excitation function of each phase by means of analytical
methods based on modal propagation analysis. Several computer programs were developed
to perform this calculation. They may take into account the discontinuities of the line (change
configuration, interconnection to a substation, etc.). A simplified analytical method
applicable to long lines is indicated in Annex C.

of

21 uUnder preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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To allow a rapid evaluation of the radio noise field strength profiles, instead of the analytical
methods, the method given below, which gives an acceptable approximation, can be used.

7.2

4.2 Rapid evaluation of the radio noise field of an overhead line

The evaluation of the radio noise field at a given distance from the line is made by applying to
the excitation function a "field correction factor” to obtain the radio noise field strengths of a
line of basic design at a given frequency and for a given ground resistivity. The radio noise
field for the line under examination is then evaluated by introducing other correction factors to
account for the differences between the actual line and that of the basic case.

Tth evaluation is performed in two steps.

Std

The radio noise field strength profile for a line of basic characteristicsnand under b3

con
€Xd

(flat, triangular and delta configuration) are given in the Figures 2, 3 and 4.

Std

The¢ radio noise field strength profile for the actual line under consideration is evaluated

adg

Figures 5, 6 and 7 for each of the following parameters:

S Q ¢ > O

NOT
diffe
this
acc

7.3

Ap
car
a 9
fun

p 1

ditions (ground resistivity = 100 Q m; frequency = 0,5 MHz) is evaluated by adding to
itation function a "field factor". Field factors for three basic phase conductor configurati

p 2

ing to the radio noise field strength of the basic case the correction factors given

ground resistivity;

frequency;

minimum height above the ground;
spacing between phases;
sub-conductor diameter;

number of sub-conductors in‘abundle.

[E Consideration of the extétnal phase only does not unduly affect this simplified approach. A cons
rence between the excitation _functions of the central and external phases is assumed for all configurati
assumption is not generally,verified, but does not give deviations greater than 1 dB to 2 dB. An improveme
iracy can be by considering the average value of the excitation functions.

Evaluationlof corona radio noise field strength due to large tubular conductors

rocedure @halogous to that suggested for the case of large bundle conductors (see 7.4
be followed: the excitation function of each phase in heavy rain is evaluated by means

ction-in other weather categories.

sic
the
NS

by
in

tant
bNs:
tin

A1)

of

emi-empirical formula and a correction factor is then applied to obtain the excitafion

The following formula for the calculation of the excitation function, in dB(uA/m1/2), in heavy
rain is proposed:

Iy, =-121+ 120 log(g) + 40 log(d)

where

g
d

is the maximum gradient on the conductor (in kV/cm);
is its diameter (in cm).

As regards the corrections to be applied to obtain the excitation function in other weather
categories, the following indications may be useful, until further experience is obtained.
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The excitation function in light rain can be related to the one under heavy rain by means of
the correction factor indicated in Figure 8, which is relevant to tubular conductors of 40 cm
diameter. For other diameters, one should expect, as for bundle conductors, the correction
increases as the diameter increases.

As large tubular conductors have low electric gradients, the excitation function has
insignificant values in fair weather conditions. The 80 % all-weather value of the excitation
function thus depends very much on the climatic conditions. In moderate climates, this
value may be obtained from the heavy rain value by applying a correction higher than that
used for large bundles. For these areas, a correction of 15 dB to 20 dB is suggested until
further information is available.

As

eff
exd
Wh
val
dia

The formula given in this subclause may be utilized both for busbars or for line conductors.

In
exd
to

obt]
is d

SO
in g

Tuiular conductors are prone to accumulate more contaminant than bundle conductors, fthe

regards the surface conditions, the following complementary information is available.

ct of which may be sufficient to alter the excitation function. Tests have shown that fthe
itation function will not be altered by the effect of pollutants when the conductor is Wet.
en dry, the presence of solid particles on the surface may increase the_radio noise tp a
e as high as for the same conductor in rain for the highest gradients, especially for Jow
meter conductors.

he case of busbars, the per unit length noise current fayer 10 can be obtained from fhe
itation function 7" by means of the matrix of capacitances of the busbar system (according
he first formula of Annex C). From [y, the total current /; injected by the busbar is then
pined. The noise current injected into each one of the n lines connected to the substatiop, /,
erived by means of the following relationship (see 5.7.3 of CISPR TR 18-2:_ 22):

F=in

that its contribution to the line conductor noise can be evaluated with the criteria indicalted
.7.4 of CISPR TR 18-2: 23,

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

23 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
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Figure 1 — Bundle conductors

Correction factors to be applied to the heavy rain excitation function to obtain the excitraﬂion
fungtion for light rain and for all-time_weather conditions, as a function of the maximum
gradient and number of sub-conductors;

Flight-rain = Fheavy-rain + Ao + Ac

The fair weather excitation function is obtained by subtracting 17 dB from the light rain exci-
tatipn function.

Ffair-weather = Flight-rain - 17

In femperateiclimates, the 80 % value of the excitation function 7 for all-time weather condi-
tions can be_obtained by subtracting 10 dB to 15 dB from the heavy rain value.
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=20 m (minimum height above thezground)
= 15 m (distance between phases)

= 3 cm (sub-conductor diameter)

= 8 (number of sub-conductors in a bundle)
= 450 mm (bundle spacing)

=100-Q m (ground resistivity)

= 0,5 MHz (frequency)
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Direct distance D (m)
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Figure 2 — Line with conductors in,aflat configuration

rection to be applied to the excitation functionicalculated for the central phase to obt
radio noise field strength in dB(uV/m) as a.function of the direct distance D from the &
b line having the following characteristics, and consequent modal matrix and attenuafion

ain
Xis

0,442 0,707 0,552
IN| = | -0,781 00 0,625| (modal matrix)
0,442 -0,707 0,552
aq = 10 x 106 Np/m
oy, = 70 x 106 Np/m (modal attenuation factors)

350 x 10-6 Np/m

a3
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Figure 3 — Line with conductors in a delta configuration

Correction to be applied to the excitation functiorn)cdlculated for the central phase to obfain

thel radio noise field strength in dB(uV/m) as a function of the direct distance D from the 3gxis

of a line having the following characteristics*and consequent modal matrix and attenuafion

facjors:

h £ 20 m (minimum height above the gfound of the lateral phases)
= 33 m (minimum height above the'ground of the central phase)

= 15 m (distance between phases)

= 3 cm (sub-conductor diameter)

= 8 (number of sub-conductors in a bundle)

= 450 mm (bundlespacing)

= 100 Q-m (graund resistivity)

- © 3 Q n

= 0,5 MHz (frequency)

0412 0707 0574
InN| = | 0812 0.0 0583 | (modal matrix)
0412 0707 0574

10 x 10~6 Np/m
25 x 10-6 Np/m (modal attenuation factors)
300 x 10~ Np/m

g

a2

a3
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Figure 4 — Line with conductors in a triangular configuration

rection to be applied to the excitation functioh/calculated for the central phase to obt
radio noise field strength in dB(uV/m) as a function of the direct distance D from the &
b line having the following characteristics ‘and consequent modal matrix and attenuafion

0476 0707 0447
InN| = |-0740 0,0 0,775 | (modal matrix)
0476 0707 0447

ain
Xis

oq =25x 1076 Np/m
a, =15x 1076 Np/m
ag =250 x 10-6 Np/m

oyrart

(modal attenuation factors)
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Figure 5 — Line with conductors in a flat configuration

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 2, to account for ground resistivity p, frequency f, number of sub-conductors n,
interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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Figure 6 — Line with conductors

in a delta configuration

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 3, to account for ground resistivity p, frequency f, number of sub-conductors n,

interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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Figure 7 — Line with conductors in a triangular configuration

Corrections in dB to be applied to the reference radio noise electric field strength obtained
from Figure 4, to account for ground resistivity p, frequency f, number of sub-conductors n,
interphase spacing S, minimum height above the ground h and sub-conductor diameter d.
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Figure 8 — Tubular conductors of 40 cm diameter

Correction factor in dB to be applied.to'the heavy rain excitation function to obtain that under
light rain as a function of the maximum voltage gradient.
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Annex A
(informative)

Formulae for predicting the radio noise field strength
from the conductors of an overhead line

A.1 CIGRE formula for general use

Thiwwéwmmwwﬁw il gi i i i the
summation of fields made by a CISPR measuring receiver at a frequency of 500 kHz and\at a

dirgct distance of 20 m from the nearest conductor with the antenna 2 m above ground:

The¢ elementary formula for a single phase of an AC line is:

E=3,50gnax +12r—-30, indB(uV/m) (A.1)
where
E is the level of the radio noise field strength, in dB(uV/m);
Imax I8 the maximum gradient of the RMS value of the voltage‘at the conductor surface, ip
kV/cm;
r is the conductor radius, in cm.

Prgcise calculation of the maximum voltage @radient at the conductor surface] is
recommended because of its important effect on_the radio noise level. A calculation methodl is
sudgested in Annex A of CISPR TR 18-1:__ 24,

For single-circuit three-phase lines, the previous formula can be expanded to:

= &—30
E1 — 3,5 Imax 1 +12 rq - 33 Iog10 20

D
EsE 3,5 gmax 2 + 12 1y —.38%0g10 2—8—30

D
E3 F 3,5 gmax 3. t.12 r3 — 33 logyq 2—8—30

where Df5-D, and D5 are the direct distances, in m, from the phase conductors to the antefna
of tre measuring instrumentation.

These formulae can also be used to determine the level of the radio noise field strength at
measuring positions other than the 20 m reference distance.

The summation of these three field strength contributions is made in the following way: if one
of the fields is at least 3 dB greater than each of the other two, they are both neglected,
otherwise, we have.

E :%45, in dB(uV/m)

24 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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where E, and E, are the two highest among the above three levels.

For a double circuit line, the radio noise field strength produced by each of the six conductors
is calculated as above at the measuring position. The fields produced by the phases corres-
ponding in time are then added quadratically and the three resulting fields are summated as
above.

It should be noted that this method will give the most probable noise level of a line in fair
weather at 500 kHz. To obtain the level at a frequency different from 500 kHz, the correction
shown in Figure B.14 of Annex B of CISPR TR 18-1:__ 25 should be used. If calculations have
to he made for distance different from 20 m, then the formula in 5.3.6 of CISPR IR 18-2; | 26
shquld be used.

The radio noise level for weather conditions other than mean dry, fair weather can|be
est|mated using Figure B.15 of Annex B of CISPR TR 18-1:__ 27,

The effect of different altitudes of phase conductors above ground can be-taken into account
by using the following expression:

a-—a
Eh ZEO +TOO, in dB(MV/m)

where E is the radio noise field strength level, in dB(uV/m) at an altitude a, of the respective
phgse conductor E, actually belongs to, in m, and <&, "is the radio noise field strength| in
dB(uV/m), at the observation point of E,, caused by a phase conductor located at a different
altitude a above ground, in m.

A.2 Collation of predetermination formulae used by several institutions
around the world

Table A.1 contains an overview about the separate terms of in predetermination formulae|for
AC| lines used by several institutions around the world. The information in Table A.1 Was
obtpined from a literature research, for more information see [5], [14, 15].

Table A.2 presents the_complete formulae comprising all relevant terms as in Table A.1 used
for|comparison purposes, i.e. for comparison of the radio noise level radiated from diffenent
degigns of HV overhead power transmission lines.

Table A.3 eventually presents examples for calculations of absolute field strength levels
together withythe results of these calculations.

Tatr;:e A4, in contrast to above Table A.1 to Table A.3, presents empirical predetermina\lion
formulae., which were derived from long term test results using test lines, for DC lines in fair
weather used in several institutions.

Table A.5 shows formulae for calculation of the excitation function, in dB(uA/+/m ), in fair
weather for DC lines.

25 under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
26 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017.
27 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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