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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

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

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

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

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

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

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

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

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

9) Attentlon is drawn to the possmmty that some of the elements of this IEC Publlcatlon may be the supject of
pater - et ' '

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

CISPR 18-3, which is a technical report,

has been prepared by CISPR subcommittee B:

Interference relating to industrial, scientific and medical radio-frequency apparatus, to other
(heavy) industrial equipment, to overhead power lines, to high voltage equipment and to
electric traction.

This second edition cancels and replaces the first edition published in 1986. It is a technical
revision.
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This edition includes the following significant technical changes with respect to the previous
edition: while the first edition of CISPR 18-3 only covered recommendations for minimizing the
generation of radio noise emanating from high-voltage (HV) power systems, this second
edition now also covers a new clause providing formulae for predetermination of the radio
noise field strength levels from HV overhead power lines with large conductor bundles.
Furthermore, Annex A was accomplished with a collation of predetermination formulae
developed and used by several institutions around the world. The tables also contain typical
examples of radio noise field strength levels obtained during some measurements campaigns

at several HV overhead power line constructions.

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

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

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

reportjon voting indicated in the above table.

A list| of all parts of the CISPR 18 series can_ he found, e general title
interfgrence characteristics of overheaag a h/@ voltage equipment, on tH
websitie.

The cpmmittee has decided that the co publication will remain unchange

the stability date indicated on the | C
related to the specific publi

* reg¢onfirmed,
* withdrawn,
. rellaced by
* anjended.

A bilingual versi nay be issued at a later date.

in the

Radio
e IEC

d until
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INTRODUCTION

This technical report forms the third of a three-part publication dealing with radio noise
generated by electrical power transmission and distribution facilities (overhead lines and
substations). It contains recommendations for minimizing the generation of radio noise
emanating from high-voltage (HV) power systems which include, but are not restricted to,
HVAC or HVDC overhead power lines, HVAC substations and HVDC converter stations,
hardware, etc., in order to promoting protection of radio reception.

The recommendations given in this part 3 of the CISPR 18 series are intended to be a useful
aid to engineers involved in design, erection and maintenance of overhead lines and HV

statio]\m and also to0 anyone concerned with checking the radio noise periormance of a jine to
ensure satisfactory protection of radio reception. Information on the physical phengmena

involved in the generation of electromagnetic noise fields is found in CIS . Jt also
includes the main properties of such fields and their numerical/\va R/TR 18-2
contains recommendations for methods of measurement for use on-site qr i a afory. It

furthefmore recommends procedures for determination of limits i ise-frgqm HV
power|systems.

This gecond edition of CISPR 18-3 was adapted to 3 ent of
technical reports issued by IEC. The first edition of undekwent thorough edition
and a allow
for us

The ( ssues

relate

The m

CISPH

THE GENERATION OF RADIO NOISE
The C

CONS

a) that
int

electromagnetic energy from overhead power lines dauses
1d television broadcasting,

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

c) tha s cause unusually high levels of interference there is need to deteft and
lodate’these faults,

RECOMMENDS

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

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

In CISPR/TR 18-2 methods of measurement and procedures for determining limits of such
radio interference are recommended.

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

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

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

@%
o
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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

1 Sc¢ope

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

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

2 Nprmative references

The fgllowing referenced documents are indispeé f application of this doc
For dgted references, only the edition(cited apgplie eferences, the latest

of the|referenced document (including any amen

IEC 60050-161, International
Electrpomagnetic compatibili

CISPR/TR 18-1:2010, |Radi € L eristics of overhead power lines and

voltage equipment — Pa

CISPR/TR 18-2:2 2 e, characteristics of overhead power lines and
voltage equipment = b 3d's measurement and procedure for determining lim

ISO/IEC Guide a al vocabulary of metrology — Basic and general concep

assoclated t

NOTE |[Informative xéfere e listed in the Bibliography.

3 Terms-and definitions

For th
the ISO/IEC Guide 99 apply.

4 Practical design of overhead power lines and associated equipment

in order to control interference to radio broadcast sound and television

reception

4.1 Overview

power
luding

abulary (IEV) —  Chaptd

ment.
dition

r161:

high-

high-

its

ts and

1 and

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

levels.
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4.2 Corona on conductors

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

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

dirt or insects on the surface, on the other hand, may lead to orona
dischgrges, due to high local voltage gradients. This may conside noise
level of the line. For these reasons it is necessary to avoid damag urface
during construction. It should be handled with great care in transg a c ign and
suitabjJe techniques should be used to avoid contact of the conductor with t other
objects during stringing. It is also advisable to avoid exte i for for
protegtion during transportation and tensioning; when the 9 i aded, the increlase in
tempefrature, especially in hot weather, will cause this greas un to\the outS|de gathering
dirt and leading to areas with high local gradient and o Mnoise. When the steel
core dr inside layers are greased for corrosion p e of grease should be selected
that wjll not migrate to the surface of t

4.3

Radio|noise due to corona on metal h a s suspension clamps, dead-end clamps,
yokes , e controlled. Appropriate shapeg and
dimengions may be speC| 'd duri esi age in order to avoid points of high Vvjoltage
gradignt. 9 ) ounded, bolt heads should be rounded or
shieldpd and sharp po i It is also important thiat the
protegtive galvanized fin ooth, par’ucularly at points of maximum vpltage
gradignt

Guard| devices ate son ed to protect an insulator string from the destjuctive
effects improve the distribution of the potential along the string| They
also ntr|b e to ~ of the level of radio noise from the conductor clamps,| since
they scree » otrusions on the clamps. The type and dimensions of the|guard
devicgs's such a way that they do not themselves produce radio noige. For
example, the implé horns should be avoided at voltages exceeding about 150 kY, and
the digmeter-of tt bes orming guard rings should be sufficiently large to ensure that no gorona
occurg during rain.

Presemt—kmowiedge—seE o mdicate; however,that gy beTetativety diffico o—design
guard rings suitable for rainy conditions, even if they are made of multiple tubes. In which
case, it may be necessary to devise special arrangements for the yoke so that the string is
screened directly by the conductor bundle and is protected from power arcs by suitable
devices on the sub-conductors of the bundle.

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

4.4 Surface discharges on insulators
4.41 Clean or slightly polluted insulators

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

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

In insulator design, the use of conducting glaze, for example, improves the distribution of the
surface voltage gradient on the insulator. In the design of a guard device, a metal ring as
close as possible to the insulator, or to at least the first two or three insulators at the line end
of an insulator string, may considerably improve the voltage distribution on the insulator or
along the insulator string and reduce radio noise. The ring, however, shall remain compatible
with other requirements such as insulation withstand, protection of the insulators from power
arcs, crrppning of the r‘lampq etc (Qpp 4 ’%)

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

4.4.2 Very polluted insulators

Under| dry conditions, in addition to the phenomena onva clean insplator,

other |phenomena of the corona type may occur /due : € evenness created by
pollutipn deposits, as mentioned in 6.1 of CI RITR 184. hese conditions| even
careful design of the various parts o i be'\of little benefit. Stress ¢ontrol
devicgs suitable for improving the voltag S e’/insdlator or along the ingulator

string| however, may considerably impro

When|the polluted insulator surface is\wet{Tadio"hoise is>generated by sparks across the dry
bands| created by the leaka ts) as d in 6.1 of CISPR/TR 18-1. Occasipnally,
this npise has very high\freque ents may affect both sound and telgvision

J nAly_practical remedy is to limit the leakage qurrent

activity on the surface o

a) diminishing 3 i ne insulator — for example by using a longer surface
crgepage path is e or efectrical withstand;
b) us
se
sp

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

4.5 7 icrosparks due to bad contacts, commutation effects

Remegial (measuresfor eliminating or reducing these types of radio noise are descriped in
Clausg-5¢below and in 8.4 of CISPR/TR 18-1 respectively.

4.6 Defects on power lines and associated equipment in service

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

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

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

5.1 General

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

The rgference level of a line is the strength of the radio noise field at a * uency
of 500 kHz and at a direct distance of 20 m from the nearest conductor\o ine\Whgre the
voltage gradient in the air at the surfaces of the conductors a i r than
about|12 kV/cm to 14 kV/cm, depending on conductor diame the radio\noise performance
of the|line is determined by the performance of the condu ] pter of
the conductors per phase of a proposed line are ofte . t grrying
capaclty required or by economic considerations anid usua icti brence
level ip required for a particular weather condition. If a ling i i i ors at
a high surface gradient very little can be done is ine has
been ¢onstructed.

Figurgd B.14 of Annex B of CISPR/TR 18-% give g i io| noise
level relating to a measurement frequency \ )

Wherg the voltage gradient in\the aira . ine i 5 than
about|12 kV/cm, the radi i i are. In
this cgse the radio noi e line sirable
to pregerve this goed quality by ingni ators and hardware of a matching quality] Most
of the[methods icti ination are concerned with the conductor noige and
do nof apply to lin€s ¢ C :

appliep to sparking’so S Mmperfect contacts.

5.2

This d ation about the correlation of the radio noise voltage at the line

oise field strength at ground level at a certain lateral or|direct

e 3 S 5 or
predetermlnahon both analytical or semi- emp|r|cal and empirical or comparatlve The
analytical method relies on the results of measurements carried out on a short length of
sample conductor in a test cage and involves highly complex analyses. The sample
conductor can be tested with any desired surface condition and the radio noise voltage
measured by a circuit given in 4.5 of CISPR/TR 18-2. However, for a.c. lines, a reliable
prediction of the reference level due to conductor corona can be calculated only from the
wet test since in this case the number of individual corona sources per unit length is
sufficiently high to represent a statistically satisfactory sample. For d.c. lines, reference
should be made to 8.2 of CISPR/TR 18-1 for the calculation of the noise level.

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

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

duwmwm&m—
b) Megthod relating to noise from insulators and/or fittings

Sdbclause 6.2 of CISPR/TR 18-1 gives a correlation between the radio_noise vpltage
ge ine, in ofda th the
pr i i . -2, ietd. This
co i i i i i 3 roken
ine ; i istri > i ethod,
whi c : s of a
pr i sredictian i i of the
re ne -Jine. ement
pr [ in 4. -2 i i ' ly in a
clg ition, si [ ition { i ecified, is not
restri y i ample
ing ] 9 h i 'Slto the
fo

Vhere
b data
on a

S i stem,
operatio am ' radio
ise perfor C ime r and

essed

noise

ay be

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

The formula is
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where
E

E=35gmax+ 12 r—30, in dB(uV/m)

is the level of the radio noise field strength in dB(uV/m) at a direct distance D o

from nearest conductor of proposed line;

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

r is the radius of conductor or sub-conductor, in cm.

This matter is considered in more detail in Annex A.

f20m

5.4 Betermination-of80-%level

The 80 % level for a line may be predicted by calculation [2, 3]" or, if the line exists, the 80 %

level may be determined with a high degree of confidence, by m V bds of

determining the 80 % level are as follows:

1) for an existing line the 80 % level may be determined, wi e of\configence,
frgm the all-weather distribution curve obtained by measur iod of
onle year.

2) if the all-weather distribution curve is not available e, the
results of measurements made one line of simils [lution
environment could be used.

3) frdm the figures mentioned in 4.3 e, the
801 % level for a line is 10 dB gre evel is
knpown the 80 % level may be estima

4) the¢ 80 % level may be predicted by ad to the
fair-weather level estim

5.5 [Conclusions

The particular method epend

on whether the intere re that

is whgther the congdu cm or
less than about 12 uctors
and the insulators

The simple e field

strength p are all

simplg to d give

reasomably accurate\indicdtions of the reference level to be expected from the conductofs of a

proposged line} be borne in mind that owing to the variable nature of radio noige and

its dependency onthe effects of weather, atmospheric conditions, pollution, etc., it i often
difficult 40 -measure the reference level of a line with any high degree of accurady and
reproducibility

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

The

figures in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=4e08d380d7c5e221d90236f5a77ab023

6

6.1

- 14 - TR CISPR 18-3 © IEC:2010(E)

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

General

Radio noise generated by sparking at bad, that is loose or imperfect, contacts occurs mainly
in dry weather since in wet weather the comparatively small gaps involved usually became
bridged with moisture.

6.2 Preventive and remedial measures
When UUIIOtIUUt;IIy hlyh VU:tGyU U\.'u;}JIIIUIIt It ;O ;III}JUItGIIt
1) tolensure that all fixing bolts are securely tightened, and
2) tolbond conducting elements, as far as is possible, either to earth"or condugctorpetential
On distribution lines, bonding adjacent metal surfaces is important L banding rth or
conduftor potential is not required for spark suppression. is not
possiljle (for example at the pin and clevis, or ball and socke s5tring),
the a(j whole
asseni Lld be
borne| i lave a
bxides
ibfility of
have
ket or
to re-
rease,
ase or
inhibit
cure,
n and
in the

pin and cIeV|s area. It is espemally |mportant that these be mstalled in the conductor
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 be obtained with a permanent flexible bond across each
individual metallic link of the insulator string, together with bonds from the earth end
insulator to the cross-arm and from the conductor clamp to the line end insulator. The
bonds should consists 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
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In order to ensure good contact between the caps and pins of adjacent insulator units, the
strings should be loaded with metal weights which are well-rounded to prevent corona
discharges.

f) Spring and plastic washers

If a wooden construction is used there is some merit in using spring or plastic washers.
The spring washers are capable of preventing loose hardware on poles and cross-arms
due to wood shrinkage. A plastic washer of acetate or nylon also improves tightness of the
nuts. Where these "shakeproof'-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.

g) Si'\glp insulator

ThHe use of a single insulator has the advantage of having fewer ble radio| noise
sources.

h) Pin-type insulators with conducting glaze

Wi{th pin-type insulators, sparking may occur on the surface or'rgsts in
top groove and at the tie-wire or stirrups in the sid 3 > ulatorl. This
problem may be overcome by using conductive pain ati he ingulator
surface in the area of contact. These metallizing ag pplied
together with the glaze during manufacture of the i In\ the/case of pip-type

2 he porcelain, the pofcelain
thfeads should be treated with conductive paint. ternative~d threaded metallinsert

local discharges occurfing at
be avoided by wrapping the PVC with
pld extend for 600 mm on eithgr side

e use of plastic [fa inst aples to secure the earth wire to a woof pole

wil|l avoid sparking he @arth wire and its fasteners, particularly if the fasteners
became Ioos iorhis pf .

6.3 Methods @

When|bad contasts\arepre in a power line or substation, the detection and exact Igcation
of the G g more important than the measurement of the resulting field

2 for the detection and location of these bad contacts are desfribed
observations should normally be made in fair weather.

Since|a hjgh~voltage/power line and associated equipment is often the source of different
radio frequency fields, it is necessary to trace the radio noise by starting at the disfurbed
receiveri.The first step in the investigation is to obtain an aural and/or visual indication|of the
radio noise, by using a loudspeaker or headphones and an oscilloscope or television receiver.

When tracing the source(s) of radio noise due to bad contacts it is better to observe the noise
at the highest frequency perceptible because of the more rapid attenuation along the line.
Whilst it is preferable that the apparatus used for tracing should cover the whole radio noise
frequency range, few instruments are available that cover this spectrum. Few have been
designed specifically for the location of sources of radio noise and, accordingly, it may be
necessary to modify commercial apparatus to make it suitable.

The following apparatus will be found useful for locating bad contacts:

a) A general coverage receiver (a.m.) tuneable from at least 500 kHz to 18 MHz.
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b) A v.h.f. field strength measuring instrumentation fitted with a two-element broadband
antenna and a v.h.f. pre-amplifier. The audio output should be amplified sufficiently to
feed a loudspeaker and an oscilloscope.

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

d) A u.h.f. field strength measuring instrumentation fitted with two interchangeable Yagi
antenna: one array for 500 MHz and the other for 800 MHz. A moderate level audio output
is required for a loudspeaker. R.F. pre-amplification is required and i.f. gain control is
desirable. The whole assembly should be able to be carried by one man.

e) A small radio frequency detector covering the frequency range m.f. to v.h.f. but without
autamatic gain control

f) A |small a.m. broadcast radio receiver without manual or automatic gai contrcLI and

€ i bw  for
ite rod
e [box is
pter of
into the
noise
s or a
of the

y high

vance

g) noise
h be a
p should
be]

A sug if adi y bad

contagts is as follows:
i) s5ing the m@ ati , Ok [ i ificati noise
ignal at the dij ; iverD i i anning
i) use the highest possible frequency for tracking. If it is found,
igher

in localizing the wood pole assomated W|th the noise source.

A further method for locating bad contacts, particularly in a substation where several
joints can be involved, is to direct a very fine water jet at each suspect metal joint in turn.
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 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 ground
controls the water jet by means of the compressed air. After having located a bad contact,
a similar device is often used to inject grease, of suitable consistency, into the defective
joint.

iii) If narrow band noise is detected, triangulation will best identify the source. Even here,
however, at the source's location, the sparking noise will be detected over a broad range
to 100 MHz. Narrow band noise may result from gap-type discharge causing resonance in
a fitting or component.
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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)
c) if the noise occurs only in fair weather, it is probably due to sparking;
d)

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 automat|c gain

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

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

isuring
tower
na to
ted, a
ement

ibed in
tation,

s and
abolic

d by

gth to
ives the

from aged conductors in fair weather at a direct digtance
tor at a measurement frequency of 500 kHz. The fornpula is
200 kV
. The
up to

$ were
r 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 7) through a relationship of the
type:

1l =lelx|rliere)

where


https://iecnorm.com/api/?name=4e08d380d7c5e221d90236f5a77ab023

-18 - TR CISPR 18-3 © IEC:2010(E)

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

| C| 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 approach based on the use of the excitation function and analytical methods to calculate
the radio noise current propagation allows the predetermination of the radio noise field
strengths for line configurations different from the ones tested.

Anothfr important advantage of this approach is that the radio noise current-measurenjent in
a cag ( jitions
(artifidial rain corresponding to heavy rain) and for different conductof grad giving thus
stable|and reproducible results.

The pfedetermination methods based on the concept of excitati uncti as preferied for
highen system voltages (voltages equal to or higher than 1 ' e corond is generally
more ritical and its evaluation can be more accurate. ive €esearch\in this fie|d has
been performed in various countries: Canada (IREQ) ' ject), Italy (1000 kV

Projedqt), Japan (CRIEPI), USA (GE/EPRI ro' ASEA, BPA), [USSR
(1200[kV Project). These investigations principall flarge bundles apd the
predefermination formulae given in thi i t of the comparison and

For tybular conductors, a similar approach ed that led to the predetermination
formulae for the excitation function given [ blication. The experience gained |n this
field i$ much less than with y i i i n this
publichtion should only bé ] i

P the results can be applied to the cases qf rigid
. In this case, the guided field due to the cyrrents
the substation is of importance (see §.7 of

The ipvestigations w
voltag’Es equal to i
tubulafr bus bars‘in Hig
injectgd into the
CISPR/TR 18-2).

7.2 |Calcufation \ a radio noise field strengths due to large bundles

7.21 - or the predetermination of the radio noise field strength

On the i results of a comparative analysis of the various methods proposed [in the
literatyire [6t6~13 ¥ following procedure is proposed for the calculation of the radio| noise
field dgtrength at a given distance from the line for lines with symmetrical bundles and aged
condugtors:

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

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

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

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)
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where

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

d is the diameter of the sub-conductor (in cm);

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

This formula gives satisfactory results in case of lines with conductors having a ratio between
the sub-conductor spacing s and the sub-conductor diameter d higher than 10 to 15. At

smaller s/d ratios, the actual excitation function may prove to be much higher than calculated
especially in the case of bundles made of 10 or more sub-conductors.

NOTE A r'nmlnnrienn hetween the different formulae for the prndptprminnfinn of the excitation function was
performled by CIGRE WG 36.01 [6]. The formula proposed in this subclause gives the upperenvelope of thd values
that coylld be obtained with the other formulae and thus gives a conservative evaluation of the excitatien-function.

For this - i a different line
designg. i i i i afe n. of the excitation
function

7.2.3 i itati ion in~otherweather categories
For o iti i i irweathe ifferent apprdaches
were followed by the various expenmenters some of -- gi e Sjf |Iar |n structure
to thope given for the ex0|tat|on function in heavy rz some

levels, constant or
depending on the voltage gradients, bundle confi i surface conditions pf the

given [in Figure 1 can be applied to th in“e ation function to obtain the 50 % light

If the
limits |given in CISPR

conditjons (fair weathe
radio |noise un ‘

showd how the stati

%, IS required to apply the indicatipns of
e_of the percentage of the different wgather
.) as well as the statistical distributions |of the
s/necessary. Subclause 4.3.4 of CISPR/TR 18-1
utions_are related to each other. As a rough indication, |I"gg o

could [be obtained C QdB to 15 dB from the heavy rain level in temperate
climatps.

7.2.4 i o noise field strength

7.2.4.

The ¢ the>radio noise field strength at a given distance from a three-phage line

may be performed starting from the excitation function of each phase by means of anglytical
methofds based on modal propagatlon anaIyS|s Several computer programs were developed
to perterm
of conflguratlon mterconnectlon to a substation, etc.). A simplified analytrcal method
applicable to long lines is indicated in Annex B.

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.
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The evaluation is performed in two steps.
Step 1

The radio noise field strength profile for a line of basic characteristics and under basic
conditions (ground resistivity = 100 Q m; frequency = 0,5 MHz) is evaluated by adding to the
excitation function a "field factor". Field factors for three basic phase conductor configurations
(flat, triangular and delta configuration) are given in the Figures 2, 3 and 4.

Step 2

: d g ! s svaluaied by
adding to the radio noise f|eId strength of the baS|c case the correct ctors (given in
Figurgs 5, 6 and 7 for each of the following parameters:

p ground resistivity;

f frequency;

h  mihimum height above the ground;

S sppcing between phases;

d sup-conductor diameter;

n number of sub-conductors in a bundle.

NOTE |Consideration of the external phase ©Only S i implified approach. A donstant
differenjce between the excitation functions of\the ) is assumed for all configurations:
this asqumption is not generally verified, but does. not 've eV|a ions’g an 1 dB to 2 dB. An improvelment in
accurady can be by considering the average valye-of the e

7.3 |Evaluation of corona i i tr due to large tubular conductors

A prog¢edure analogous tothat's ed\for the dase of large bundle conductors (see|7.2.1)
can be followed: the exci i ase in heavy rain is evaluated by mepns of
a senpi-empirical for a corregtion\factor is then applied to obtain the excjtation
functign in other

The fgllowing for of the excitation function, in dB(uA/m1/2), in |heavy

rain is| proposed:

where
g is the i gradient on the conductor (in kV/cm);
d is |ts diam

As regards the corréctions to be applied to obtain the excitation function in other wgather
categ$ries, the following indications may be useful, until further experience is obtained.

— 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 regards the surface conditions, the following complementary information is available.
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Tubular conductors are prone to accumulate more contaminant than bundle conductors the
effect of which may be sufficient to alter the excitation function. Tests have shown that the
excitation function will not be altered by the effect of pollutants when the conductor is wet.
When dry, the presence of solid particles on the surface may increase the radio noise to a
value as high as for the same conductor in rain for the highest gradients, especially for low
diameter conductors.

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

In the case of busbars, the per unit length noise current layer Iy can be obtained from the
excitation function 7" by means of the matrix of capacitances of the busbar system (according to

the fir
The n
by me

so that its contribution to the line conductor noise can be evalua

in 5.7

stformutaof Armex B)—From 15, thetotatcurrent fimjected by thebusbaristhemrob
pise current injected into each one of the n lines connected to the sup on, /,)is.d
ans of the following relationship (see 5.7.3 of CISPR/TR 18-2):

I=ln

4 of CISPR/TR 18-2.

5

ained.
erived

eriavndicated



https://iecnorm.com/api/?name=4e08d380d7c5e221d90236f5a77ab023

- 22 - TR CISPR 18-3 © IEC:2010(E)

8 Figures
A
50 F—— ~
Heavy-rain /
n=28
d=3,0cm 4
C.I.S.P.R. values
Q: 7/ Light-rain
- | |
1S v 50 % Ac (d. )
3 4) 7| /\
%, // 5 [
—~ { £12 ]
5 S 0 ANEC S .
E Ao Ao = Tight-rain — T heavy-rain = - =
2 7 £ 0 S n=4 A1
IS // SRS = vl
o / y -
s P / 5 N
/ ; 0 4,0
/ / bcenductor diameter d (gm)
/
, (
i AR
/ \
2b / /
10 15 20 5
Maximum voltage gradient (kY/cm
IEC |1512/10
undle conductors
Correg¢tion factors™to be e he rain excitation function to obtain the exdftation
functign for lig 3 i ather conditions, as a function of the maximum
gradignt and numb
Flig Zrain = rheavy-rain + Ao + Ac
The fgi tion is obtained by subtracting 17 dB from the light rain exci-
tation
rfair-weather = rlight-rain - 17
In tempetate climates, the 80 % value of the excitation function 7" for all-time weather [condi-
tions ¢gan‘be obtained by subtracting 10 dB to 15 dB from the heavy rain value.
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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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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

This
summption of fields made by a CISPR measuring receiver at a frequency 0
direct|distance of 20 m from the nearest conductor with the antenna 2

500 kHz @

ementary formula for a single phase line is:

E=359gmax+12r-30, indB (A.1)
where
E s the level of the radio noise field strength, in d
Imax |5 the maximum gradient of the r.m.s. value\of the conductor surface, in
kV/cm;
r s the conductor radius, in cm.

Preci dient at the conductor surfdce is

recom
sugge

For si mula can be expanded to:

D,
-331lo —-30
g10 20
D,
+12r,-33 lo —<-30
ax 2 2 g10 20

D
=3,5 gmax 3 + 12 r3 — 33 10910 2—8—30

where| D4, _B>san are the direct distances, in metres, from the phase conductors [to the
antenrra of.the 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.

Ea +Eb
2

E= +15, in dB(uV/m)

where E, and Ey 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-
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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 should be used. If calculations have to be
made for distance different from 20 m, then the formula in 5.3.6 of CISPR/TR 18-2 should be

used.

The radio noise level for weather conditions other than mean dry, fair weather can be
estimated using Figure B.14 of Annex B of CISPR/TR 18-1.

The e
by usi

where
phase

dB(uWm), at the observation point of E,, caused by

altitud

A.2

Table
used
a liter

Table
for co
design

Table

together with the re culations.

fect of different altitudes of phase conductors above ground can bg
hg the following expression:

a-a
E,=E, + ©  indB(uV/m
h o 300 (1 )

conductor E, actually belongs to, in m, and

le a above ground, in m.

Collation of predeterminati
around the world

onior

A.2 presents th y e camprising all relevant terms as in Table A.1
Mmparison @ i.e. parison’ of the radio noise level radiated from di

s of HV ov

A.3 eventy

ccount

ective
gth, in
ferent

mulae
H from

used
ferent
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Annex B
(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
The procedure makes reference to the geometry of the line as indicated i
Ddtermination of the corona currents |io| at a longitudinal distanse x from the\reference
seftion, due to the excitation function 7”1 of phase 1, conside bl the
ling (uniform distribution of corona sources).
|io|=|c|'|rl/27780 | <
where
lc
80
D¢ g the modal transformation matrik |N| ,
o] Y| - |Z| or, in a more simplified
analysis, as the eigenvectors of m | and | Y| are the series impeldance
an i . Typical values of |N| are given for
different line configuratio
o |
De im(x)| at the reference section of the line, by] using
the = om t+j - By) and considering subdivision pf the
cu
0,5 exp(~AmX) - liom| (m =123)

Th by & ained as eigenvalues of the matrix |B| or experimentally. Typical
va > given for different line configurations in Figures 2, 3 and 4.
Ddtermination of\the phase currents at the reference section of the line.

|i{v\| = |I\I| . |i lv\l

LA SAV A T T TATTINTR 7T
Determination of the horizontal component of the magnetic field strength H{(x,y) and the

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

distance y from a reference position.

Eq(x,y) =120 - H1(x,y) = 60 EJ- ii(x) - Fi(y)
where
Fi(y) = zj/[22 +(y - ¥))?] + (z; + 2p) | [(zj + 2p)? + (y-})?]

and

p = (p!muf) ;
p is the ground resistivity (Q-m);
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