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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 1: Description of phenomena 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) 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 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

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

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

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

CISPR 18-1, which is a technical report, has been prepared by CISPR subcommittee B: 
Interference relating to industrial, scientific and medical radio-frequency apparatus, to other 
(heavy) industrial equipment, to overhead power lines, to high voltage equipment and to 
electric traction. 

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

a) updated description of the RF characteristics of spark discharges which might contain 
spectral radio noise components up to the GHz frequency range; 

b) addition of state of the art in HVDC converter technology 

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

DTR Report on voting 

CIS/B/653/DTR CIS/B/674/RVDTR 

 
Full information on the voting for the approval of this technical report can be found in the 
report 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 Radio 
interference 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 web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

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

 

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. 

 

  

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 C
ISPR TR 18

-1:
20

17

https://standardsiso.com/api/?name=106be03859ad9e6eb4040237476ab4fa


CISPR TR 18-1:2017 © IEC 2017 – 7 – 

INTRODUCTION 

This Technical Report is the first of a three-part series dealing with radio noise generated by 
electrical power transmission and distribution facilities (overhead lines and substations). It 
contains information in relation of the physical phenomena involved in the generation of 
electromagnetic noise fields. It also includes a description of the main properties of such 
fields and their numerical values. Its content was adjusted such as to allow for use of the 
lateral distance y for the establishment of standard profiles for the lateral radio noise field 
emanating from HV overhead power lines. 

The technical data given in this Part 1 of the CISPR 18 series are intended to be a useful aid 
to overhead line designers and also to anyone concerned with checking the radio noise 
performance of a line to ensure satisfactory protection of wanted radio signals. The data 
should facilitate the use of the recommendations given in its Parts 2 and 3 dealing with 

– methods of measurement and procedures for determining limits,  and a 
– code of practice for minimizing the generation of radio noise. 

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

This document has been prepared in order to provide information on the many factors 
involved in protecting the reception of radio, especially (but not limited to) analogue television, 
and digital terrestrial television broadcasting, hereafter denominated as digital television 
broadcasting, from interference due to background noise generated by AC and DC high 
voltage overhead power lines, distribution lines, and associated equipment. The information 
given should be of assistance when means of avoiding or abating radio noise are being 
considered. 

Information is mainly given on the generation and characteristics of radio noise from 
AC power lines and equipment operating at 1 kV and above, in the frequency ranges 
0,15 MHz to 30 MHz (a.m. sound broadcasting), 30 MHz to 300 MHz (f.m. sound broadcasting, 
analogue television broadcasting) and in the range 470 MHz to 950 MHz (digital television 
broadcasting). The special aspect of spark discharges due to bad contacts or defects is taken 
into account. Information is also given on interference due to DC overhead power lines for 
which corona and interference conditions are different from those of AC power lines. The 
radio broadcast services mentioned above are examples only and the information in this 
document relates, in a technology-neutral way, to protection of radio reception in general, for 
the given frequency ranges. 

The general procedure for establishing the limits of the radio noise from overhead power lines 
and associated equipment is given, together with typical values as examples, and methods of 
measurement. 

The clause on limits for conductor corona, which may occur in normal operation of power lines, 
concentrates on the low frequency and medium frequency bands as it is only in these bands 
where ample evidence, based on established practice, is available. Examples of limits to 
protect radio reception in the frequency band 30 MHz to 300 MHz are not given, as measuring 
methods and certain other aspects of the problems in this band have not yet been fully 
resolved. Site measurements and service experience have shown that levels of noise from 
power lines generated by conductor corona at frequencies higher than 300 MHz are so low 
that interference is unlikely to be caused to analogue television reception. 

Presently, there are no limits for radio noise due to spark discharges, which may occur at bad 
contacts or on the surface of polluted insulators, to protect radio reception in the UHF band 
(around 470 MHz to 950 MHz) for digital television broadcasting. The characteristics of spark 
discharges in the UHF band are not fully understood yet. Furthermore, digital television 
systems employ error-correction functions, and the true effects of spark discharges to image 
quality are consequently not quite known. 
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The values of limits given as examples are calculated to provide a reasonable degree of 
protection to the reception of e.g. radio broadcasting at the edges of the recognized service 
areas of the appropriate transmitters in the a.m. radio frequency bands, in the least 
favourable conditions likely to be generally encountered. These limits are intended to provide 
guidance at the planning stage of the line and national standards or other specifications 
against which the performance of the line may be checked after construction and during its 
useful life. 

Recommendations are made on the design, routing, construction and maintenance of the lines 
and equipment forming part of the power distribution system to minimize interference and it is 
hoped that this document will aid other radio services in the consideration of the problems of 
interference. 
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RADIO INTERFERENCE CHARACTERISTICS  
OF OVERHEAD POWER LINES AND  

HIGH-VOLTAGE EQUIPMENT –  
 

Part 1: Description of phenomena 
 
 
 

1 Scope 

This part of CISPR 18, which is a Technical Report, applies to radio noise from overhead 
power lines, associated equipment, and high-voltage equipment which may cause interference 
to radio reception. The scope of this document includes the causes, measurement and effects 
of radio interference, design aspects in relation to this interference, methods and examples 
for establishing limits and prediction of tolerable levels of interference from high voltage 
overhead power lines and associated equipment, to the reception of radio signals and 
services. 

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

Radio frequency interference caused by the pantograph of overhead railway traction systems 
is not considered in this document. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60050-161, International Electrotechnical Vocabulary (IEV) – Chapter 161: 
Electromagnetic compatibility 

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 1-1: Radio disturbance and immunity measuring apparatus – Measuring 
apparatus 

CISPR TR 18-2:__ 1 , Radio interference characteristics of overhead power lines and 
high-voltage equipment – Part 2: Methods of measurement and procedure for determining 
limits  

ISO IEC Guide 99, International vocabulary of metrology – Basic and general concepts and 
associated terms (VIM) 

NOTE Informative references are listed in the Bibliography. 

3 Terms and definitions 

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

_______________ 

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

4 Radio noise from HV AC overhead power lines 

4.1 General 

Radio noise from high voltage alternating current (HVAC), which is to say above 1 kV, 
overhead power lines may be generated over a wide band of frequencies by 

a) corona discharges in the air at the surfaces of conductors, insulator assemblies and 
hardware; 

b) discharges and sparking at highly stressed areas of insulators; 
c) sparking at loose or imperfect contacts and at defects in hardware (cracks, rust). 

The sources of a) and b) are usually distributed along the length of the line, but source c) is 
usually local. For lines operating above about 100 kV, the electric stress in the air at the 
surface of conductors and hardware can cause corona discharges. Sparking at bad contacts 
or broken or cracked insulators can give rise to local sources of radio noise. High voltage 
apparatus in substations may also generate radio noise which can be propagated along the 
overhead lines. 

If the field strength of the radio noise at the antennas used for radio reception is too high, it 
can cause degradation of the quality and performance of the respective radio communication 
or broadcast service and application. 

The generation of radio noise is affected by weather conditions, for example, conductor 
corona is more likely to occur in wet weather because of the water droplets which form on the 
conductors whereas, under these conditions, bad contacts can become bridged with water 
droplets and the generation of radio noise, by this process, ceases. Consequently, loose or 
imperfect contacts are more likely to spark in dry weather conditions. Dry, clean insulators 
may cause interference in fair weather, but prolonged sparking on the surfaces of insulators is 
more likely to occur when they are polluted, particularly during wet, foggy or icy conditions. 

For interference-free reception of radio signals, it is important that a sufficiently high ratio is 
available at the input to the receiver between the level of the wanted signal and the level of 
the unwanted radio noise. Interference may therefore be experienced when the signal 
strength is low and the weather conditions are conducive to the generation of radio noise.  

Unlike analogue radio reception, to realize interference-free reception of digital signals, it is 
important to keep the bit error rate (BER, BER used to evaluate digital communication quality) 
below a certain value, for example, below around 10-2 in the front of Viterbi decoder in case 
of a ISDB-T system. In this regard, a BER of around 10-2 in the front of Viterbi decoder 
assures a BER below 10-8 at the input of a display by error-correction function, which is 
commonly employed in modern digital communication systems. 

When investigating radio noise it should be borne in mind that the local field may be caused 
by a distant source or sources as the noise may propagate along the line without substantial 
losses, over a considerable distance. 
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4.2 Physical aspects of radio noise 

4.2.1 Mechanism of formation of a noise field 

4.2.1.1 General 

Corona discharges on conductors, insulators or line hardware or sparking at bad contacts can 
be the source of radio noise as they inject current pulses into the line conductors. These 
propagate along the conductors in both directions from the injection point. The various 
components of the frequency spectrum of these pulses have different effects. 

In the frequency range 0,15 MHz to a few megahertz, the noise is largely the result of the 
effect of propagation along the line. Direct electromagnetic radiation from the pulse sources 
themselves does not materially contribute to the noise level. In this case, the wavelength is 
long in comparison with the clearances of the conductors and thus the line is not an efficient 
radiator. However, associated with each spectral voltage and current component, an electric 
and a magnetic field propagate along the line. In view of the relatively low attenuation of this 
propagation, the noise field is determined by the aggregation of the effects of all the 
discharges spread over many kilometres along the line on either side of the reception point. It 
should be noted that close to the line the guided field predominates, whereas further from the 
line the radiated field predominates. The changeover is not abrupt and the phenomenon is not 
well known. This effect is not important at low frequencies but is apparent at medium 
frequencies. 

However, for spectral components above 30 MHz where the wavelengths are close to or less 
than the clearance of the line conductors, the noise effects can be largely explained by 
antenna radiation theory applied to the source of noise, as there is no material propagation 
along the line. 

It should be appreciated, however, that 30 MHz does not represent a clear dividing line 
between the two different mechanisms producing noise fields. 

4.2.1.2 Longitudinal propagation 

In the case of a single conductor line mounted above the ground, there is a simultaneous 
propagation of a voltage wave U(t) and a current wave I(t). 

For a given frequency, the two quantities are related by the expression U(ω) = Z(ω) × I(ω) 
where Z, also a function of ω, is the surge impedance of the line. 

During propagation the waves are attenuated by a common coefficient α  where: 

Ux = U0e–αx 

Ix = I0e–αx 

where 

U0 and I0  are the amplitudes at the source, and  

x  is the distance of propagation along the line. 

In case of multi-phase lines, experience shows that any system of voltages or currents 
becomes distorted in propagation, that is to say, the attenuation varies with the distance 
propagated and it differs for each conductor. Theory of propagation and actual measurements 
on power lines have shown that noise voltages on the phase conductors can be considered as 
being made up of a number of "modes", each one having components on every conductor. 
One mode propagates between all conductors in parallel and earth. The others propagate 
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between conductors. Each mode has its own different propagation attenuation. The complete 
theory of modal propagation is complex and involves matrix equations outside the scope of 
this document. Reference is made here to CIGRÉ and other published works. It is important to 
note that the attenuation of the conductor-to-earth mode propagation is fairly high, that is to 
say 2 dB/km to 4 dB/km, while the attenuation of the various conductor-to-conductor modes is 
a small fraction of 1 dB/km at a frequency of 0,5 MHz. 

4.2.1.3 Electromagnetic field 

The radio noise voltages and currents propagating along the line produce an associated 
propagating electromagnetic field near the line. 

It should be noted here that in free space the electric and magnetic components of the field 
associated with radiated electromagnetic waves are at right angles both to each other and to 
the direction of propagation. The ratio of their amplitudes represents a constant value: 

Ω377
(A/m)

)V/m( =
H
E

 

and is called the intrinsic impedance or impedance of free space. 

On the other hand, the fields near the line are related to the radio frequency voltages and 
currents propagating along the line and their ratio depends on the surge impedance of the line 
for the various modes. Furthermore, the directions of the electric and magnetic field 
components differ from those for radiated fields in free space as they are largely determined 
by the geometrical arrangements of the line conductors. The matter is further complicated by 
the fact that soil conditions affect differently the mirror image in the ground of the electric and 
magnetic field components, respectively. 

The electric field strength E(y) at ground level of a single conductor line, which is the vertical 
component of the total electric field strength, can be predicted by the following empirical 
equation that has, in a lot of cases, proven to give a good approximation: 

22
120)(

yh
hIyE
+

=  

where  
I  is the radio noise current, in A, propagating in the conductor; 
h is the height above ground, in m, of the conductor;  
y is the lateral distance, in m, from a point at ground level directly under the conductor to 

the measuring point; and 
E is the electric field strength, in V/m. 

Furthermore, for an infinitely long single conductor line, the induction zone, or near field, has 
the same simple ratio of electric and magnetic field strength as the far field from a radio 
transmitter, that is to say 377 Ω, and this is approximately true for all values of ground 
conductivity. 

In the case of a multi-phase line, the total electric field strength is the vector sum of the 
individual field strength components associated with each phase conductor. A more 
comprehensive treatment, together with practical methods of assessing the electromagnetic 
field, is discussed in 5.3 of CISPR TR 18-2:__ 2. The equation given above is a simplified 
version accurate for a distance of D = 20 m and f = 0,5 MHz where D is the direct distance, in 

_______________ 

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017. 
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m, between the measuring antenna and the nearest conductor of the line, and f is the 
measurement frequency. For conventional power transmission lines (i.e. with a conductor 
height above ground which is less than 15 m), this direct distance D approximately 
corresponds to a lateral distance y of 15 m. For a wider range of D and f, it would be 
necessary to take into account all the parameters affecting the equation. 

4.2.1.4 Aggregation effect 

In the case of uniformly distributed noise sources, the field strength generated by a unit length 
of a phase conductor can be expressed at any point along the line as a function of the 
longitudinal distance x and the lateral distance y, that is to say, E(y,x). At a given lateral 
distance of y,  

x
0 )(),( α−= eyExyE  

The random pulses on a long line with uniformly distributed noise sources combine together 
to form the total field. The manner in which they combine is not unanimously agreed upon. 
Some investigators consider that they combine quadratically: 

xyEyE xde)(2)( 2
0

2
0

2 α−
∞

∫=  

or 
α
0)( EyE = . 

Other investigators believe that, if a quasi-peak detector is used to measure the field strength, 
the individual pulses do not add and others have obtained results between the two extremes. 
This disagreement is only important in analytical prediction methods, the results obtained by 
the different methods vary by only 1 dB or 2 dB. 

In case of multi-phase lines, the calculation follows the sample principle but is complicated by 
the presence of several modes, each mode having a different attenuation coefficient. A more 
detailed discussion, with examples of calculation, is given in Clause 6. 

4.2.2 Definition of noise 

The instantaneous value of the noise varies continuously and in a random manner, but its 
average power level over a sufficiently long period, for example, 1 s, gives a stationary 
random quantity which can be measured. Another quantity suitable for measurement is the 
peak or some weighted peak value of the noise level. 

A noise measuring instrument is basically a tuneable selective and sensitive voltmeter with a 
specified pass-band. When connecting to a suitable rod or loop antenna and properly 
calibrated, it can measure the electric or magnetic component of the noise field. For 
measurements of the magnetic component of the noise field in the frequency range up to 
30 MHz, normally a loop antenna is used. For measurements of the electric component of the 
noise field in the frequency range above 30 MHz, use of a biconical antenna is recommended.  

Depending on the design of the measuring receiver, the noise level can be measured in terms 
of RMS, peak or quasi-peak values. The RMS value defines the noise in terms of energy. 
Many types of noise from electrical equipment, as well as noise due to power-line corona, 
consist of a succession of short pulses with approximately stable repetition frequencies. In 
such cases, the nuisance effect of the noise can be realistically indicated by a quasi-peak 
type of voltmeter rather than by the RMS type. The quasi-peak value is obtained from a circuit 
which includes a diode and a capacitor with relatively short charge and long discharge time 
constants. The voltage on the capacitor floats at a value somewhat below the peak value and 
depends on the repetition rate, that is to say a weighting feature is included in the response. 
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This principle is adopted in the CISPR measuring receiver, details of which are given in 
CISPR 16-1-1. The noise level is thus defined by the value measured by such an instrument 
expressed in microvolts (mV) or microvolts per metre (mV/m). Using the ratio of the electric to 
magnetic field components, E/H = 377 Ω, the measured values can also be expressed by 
convention in mV/m even for instruments using a loop antenna responding to the magnetic 
field component. 

4.2.3 Influence of external parameters 

To determine the corona inception gradient gc of a cylindrical conductor with smooth surface, 
Peek's formula is often used: 

gc (kV/cm) = 













+

rδ
δ 308,0131  

For AC voltages, gc is the peak value of the gradient, r is the radius of the conductor in 

centimetres, δ = 
T
p

+273
294,0  is the relative air density (δ = 1 for p = 1 013 mbar and T = 25 °C). 

However, practical conditions on overhead lines do not agree with these idealized 
assumptions. Stranding of the conductors, surface imperfections and irregularities lead to 
local enhancements of the electric field strength and consequently to a lower corona inception 
voltage than is obtained from the above equation. This often means that the critical gradient 
for initiating radio noise has, under foul weather conditions, about half the value given by 
Peek's formula. 

Atmospheric conditions likewise play an important part in occurrence of corona and spark 
discharges. In conditions of rain, fog, snow or dew, drops of water form on the surface of the 
conductor, and at low temperatures ice can form. This further reduces the corona inception 
voltage and increases the noise level as shown in Clauses 5 and 6. 

With regard to bad contacts and the production of small sparks, the effect of rain and humidity 
is to bridge the relevant gaps either by water droplets or by humid layers, thus reducing the 
level of this type of noise. 

Rain and humidity thus affect the corona noise from conductors in a way opposite to that due 
to bad contacts. Hence when interference is observed during rain or fog, it can be concluded 
that it is caused by corona. On the other hand, when interference is observed during fair 
weather and disappears or decreases during rain or fog, it is due to bad contacts. 

4.3 Main characteristics of the noise field resulting from conductor corona 

4.3.1 General 

To rationalize the measurement of radio noise from a transmission line and facilitate 
comparisons between different lines, it is desirable to standardize the conditions under which 
the measurement is to be carried out. 

The main characteristics of the noise field are the frequency spectrum, its lateral field strength 
profile and the statistical variation of the noise with weather conditions. It is assumed as a 
first approximation that these characteristics are independent of each other. 

4.3.2 Frequency spectrum 

The frequency spectrum is the variation of the radio noise measured at a given point in the 
vicinity of a line, as a function of the measurement frequency. Two phenomena are involved: 
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a) Current pulses 
The current pulses generated in the conductors by the discharges show a particular 
spectrum dependent on the pulse shape. For this type of discharge, the measured noise 
level decreases with an increase of the measurement frequency. In the frequency range 
150 kHz to 1,606 5 MHz, where the positive discharges have a predominant effect, the 
spectrum is independent of the conductor diameter. 

b) Attenuation along the line 
The attenuation of noise propagating along the line increases with frequency. This effect 
modifies the spectrum by reducing still further the noise level with increase in frequency. 

The measured spectra are often fairly irregular because of the standing waves caused by 
discontinuities such as angle or terminal towers or abrupt ground level variations. In addition, 
the noise generation might vary whilst the measurements are being made. 

To aid prediction calculations, "standard spectra" are used. Experience has shown that all 
spectra can be put into two families, one applying to horizontal conductor configurations, the 
other to double-circuit and triangular or vertical conductor configurations. The difference 
between these two families originates from the phenomenon mentioned in item b) above, the 
propagation differing slightly according to the type of line. However, as the difference is not 
material in relation to the accuracy of such calculations, only one standard spectrum is given 
in relative values, the reference point being taken at 0,5 MHz. 

The following equation is a good representation of this spectrum: 

( )[ ] dBin10lg215 2fE −=∆  

where 

∆E is the deviation of the radio noise level at a given frequency f which is different from the 
reference frequency of 0,5 MHz; and  

f is the numerical value of the given frequency, taken in MHz, where the equation is valid 
over the range 0,15 MHz to 4 MHz. 

It should be noted that other investigators have developed different equations which give 
similar results. 

At higher frequencies the noise spectra are more difficult to predict. 

4.3.3 Lateral profile 

The variation of the noise fields as a function of increasing lateral distance from the line is 
characterized by a decrease depending on the frequency. Measurements are taken along a 
perpendicular to a mid-span which is as close as possible to an average span of the line 
under consideration. The proximity of substations or interconnections, sharp angles, 
neighbouring lines and great variations in level of terrain shall be avoided. 

Lateral profiles of the radio noise field can be determined either using the direct distance D or 
the lateral distance y. 

Conventions 

(1) In order to allow for comparison of obtained profiles of the noise field, the profile is 
determined at a height of 2 m above the ground immediately beneath an outside conductor 
over a distance D or y not exceeding 200 m. Beyond this distance, the noise level of the 
lines generally becomes negligible. The reference frequency for CISPR measurements is 
0,5 MHz. 
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(2) For the profiles which relate to the direct distance D, this distance is to be taken from the 
nearest conductor of the line (reference point (x,y,z), i.e. x = place along the line at mid-
span in between two towers where the measurements are made, y = 0 m and z = n m 
corresponding to the height above ground of the outmost sub-conductor) to the centre of 
the measuring antenna. For comparison purposes, it has been agreed that the reference 
distance through which the profiles eventually converge is the direct distance D0 of 20 m 
also referred to later on as the CISPR position. Figure 2 shows an example. 

(3) For the profiles which relate to the lateral distance y, this distance is to be taken laterally 
(at ground level) from the vertical projection to ground of the outmost sub-conductor of the 
transmission line (reference point (x,y,z), i.e. x = place along the line at mid-span in 
between two towers where the measurements are made, y = 0 m and z = 2 m 
corresponding to the vertical projection to ground of the outmost sub-conductor) to the 
centre of the measuring antenna. For comparison purposes, it has been agreed that the 
reference distance through which these profiles eventually converge is the lateral 
distance y0 of 15 m. 
The standard profiles shown in Annex B, Figures B.1 to B.13, refer to the lateral distance y. 
Care should be taken as to not confuse measurement results obtained from 
measurements at direct and/or lateral distances. 

(4) Normalised and/or standard profiles (for the catalogue) are usually shown with a 
logarithmic scale of distance. 

While the profiles obtained from measurements at direct distances correlate with the 
considerations on the prediction and predetermination equations, this is not necessarily the 
case for the profiles obtained from measurements at lateral distances. In the latter case, such 
correlation is only given for conventional transmission lines with a conductor height above 
ground of up to 15 m. As a rule, future profiles of the noise field will be presented as a 
function of the lateral distance y in relation to a reference distance y0 = 15 m, see also 
Figure 1. Such a presentation is useful for predicting the width of the corridor along the 
pathway of the transmission line subject to interference. It can be used for any type of modern 
transmission line regardless of the height of the towers and the conductors above ground. It is 
quite obvious that in such conditions the classical prediction equations found elsewhere in 
this publication may become invalid. If needed, the validity of these equations should be 
checked. 

The measured profiles are often irregular both because of the continual fluctuations of the 
radio noise during a series of measurements and because of irregularities such as angle or  
dead-end towers and terrain variations. 

Numerous measurements carried out under some fifty different lines have provided a good 
experimental knowledge of these profiles, which has been confirmed by theoretical 
calculations [1, 35]. 

An accurate analysis has enabled profiles to be plotted as functions of classes of line voltage 
and configuration up to distances of about 100 m, beyond which the noise level is normally so 
low that reliable measurements are not practicable. 

In the vicinity of a power line there are two types of noise fields, the direct or guided field and 
the radiation field. The latter is a result of irregularities in the line such as conductor sag and 
changes in line direction and imperfect ground conductivity. Both fields contribute to the 
resulting observed total field strength. The field strength component of the direct field 
decreases as the square of the increasing lateral distance from the line, while the field 
strength component of the radiation field decreases directly with the increase of this lateral 
distance. Close to the line the direct field predominates, whereas at greater distances the 
radiation field predominates. Based on certain antenna concepts, the magnitudes of the two 
field strength contributions may be expected to be equal at a distance of around 300/2πf m 
where f is to be taken as the numerical value of the frequency in MHz. In actual fact, the 
lateral attenuation close to the line falls off less rapidly than the square of the distance. The 
attenuation factor k for frequencies between 0,5 MHz and 1,6 MHz, for example, is 1,65 (see 
Annex C). Close to the line the lateral attenuation may be described by: 
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( ) DDkEDfE 00 lg20+==   in dB(mV/m) 

where 

E is the level of the electric component of the noise field strength, in dB(mV/m), at a direct 
distance D; 

k is the attenuation factor; 

E0 is the level of the electric component of the noise field strength, in dB(mV/m), at the 
reference distance D0 = 20 m. 

NOTE For conventional transmission lines, this direct distance D0 corresponds to a lateral distance y0 = 15 m. 

Further from the line, the attenuation factor gradually decreases until it reaches a value of 
unity. Some investigators consider that the magnitudes of the two field contributions are equal 
at around 300/2πf m as discussed above. 

Standard profiles are shown with a logarithmic scale of distance referring to a direct distance 
to the conductor of 20 m. This presentation shows the physical law of the noise field strength 
decreasing as a function of the distance from the nearest conductor. The profiles can also be 
presented as a function of the lateral distance. This presentation is useful for predicting the 
width of the corridor subject to interference.  

4.3.4 Statistical distribution with varying seasons and weather conditions 

The systematic study of fluctuations in the radio noise level of a line necessitates the 
continuous recording of the field strength under this line for at least a year at a fixed distance 
from the line and with a fixed measurement frequency. Numerous researchers, in many 
countries, have carried out such measurements with the result that there exists fairly reliable 
data on the annual or seasonal variations in radio noise level. These results are often 
presented according to statistical analysis methods, which are to say in the form of 
histograms or as cumulative distributions. The latter express the percentage of time during 
which the radio noise level was less than a given value. 

The most important causes of fluctuations in recorded radio noise level are: 

– the random nature of the phenomenon; 
– variations of the meteorological conditions, both at the measuring point and along the few 

tens of kilometres of the line which contributes to the local interference; 
– changes in the surface state of the conductors, which is affected not only by weather 

conditions such as rain and frost, but also by deposits of dust, insects and other particles. 

These causes are very difficult to measure systematically. Even variations of the applied line 
voltage result in fluctuations in the radio noise level, but this cause is possible to measure. 

The distribution of the noise levels likewise depends on the type of climate; a very humid 
climate, a rainy one, or one with abundant snow or frost will increase the percentage of high 
levels, whereas a very dry climate will reduce it. 

The curves in Figures 3 to 6 in a temperate climate show examples of an all-weather 
distribution survey, together with a dry weather distribution and an average heavy-rain 
distribution. It can be seen that the overall curve is more or less a combination of two or three 
Gaussian distributions. 

On such an all weather distribution, it is customary to define several characteristic radio noise 
levels: 

– The 99 % level is practically the highest possible level of the line, at a given point. 
– The average heavy-rain level is the most stable and reproducible and the rainfall is 

considered to be heavy when it reaches 0,6 mm or more per hour. For this reason, the 
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average heavy-rain level is often chosen as the reference level for the calculation of radio 
noise. Practically, the average heavy-rain level is a 95 % level and is about 5 dB lower 
than the 99 % level. 

– The average fair weather level, corresponding to dry conductor conditions. This is 
important for practical purposes, but, due to the larger dispersion, a greater number of 
measurements throughout the year are necessary to obtain reliable results. Fortunately, 
measurements are more easily made in average fair weather than in average heavy rain. 

– The 50 % level, read on the all-weather cumulative curve. This 50 % level shall not be 
confused with the above defined average fair weather level, since it arises not only from 
dry weather conditions, but also from the whole range of climatic conditions prevailing 
during the long term recordings. Both the average fair weather and 50 % levels are 
furthermore strongly dependent on the surface state of the conductors; these levels can 
vary over a range of more than 10 dB according to whether or not the conductors are 
polluted, greasy, etc. Some experts consider that the 50 % level will not vary by more than 
10 dB over a relatively long period, say a month or a year, even though individual readings 
may vary by more than 10 dB. 

– The 80 % level, read on the all-weather distribution curve, is chosen as the characteristic 
value, to be used as the basis for limits. This 80 % level, intermediate between the fair 
weather level and the average heavy-rain level, is probably less subject to uncertainties 
than the 50 % level and for this reason is preferred as the "characteristic level". A survey 
of numerous cumulative curves shows that the difference between the 95 % and 80 % 
levels lies between 5 dB and 12 dB. As mentioned in 4.3.3, it should be remembered that 
beyond about 100 m to 200 m, reliable measurements are normally not practicable. 
The above generalized guidelines are illustrated in Figures 3 to 6, related to 400 kV to 
765 kV lines, and are valid for lines where the predominant noise source is conductor 
corona. 

5 Effects of corona from conductors 

5.1 Physical aspects of corona from conductors 

5.1.1 General 

The generation of radio noise by conductor corona is by means of the electrical discharge, 
usually called corona, occurring at or near the conductor surface. Corona is defined as "a 
discharge with slight luminosity produced in the neighbourhood of a conductor and limited to 
the region surrounding the conductor in which the electric field strength exceeds a certain 
value". Many aspects of corona discharge on lines are unknown and undefined; however, the 
basic physical process is that of electron multiplication or avalanche formation. The electric 
gradient in the vicinity of the line conductor is the highest gradient and, if this gradient or 
electric stress is sufficiently high, any free electrons in the air around the conductor will ionize 
the gas molecules and electrons produced by this ionization will cause an avalanche. If an 
additional electron is formed in this gradient by some process from the original electron 
avalanche, a new avalanche is formed by this secondary process and the corona discharge is 
developed. 

In the case of the transmission line conductor, it is believed that the important secondary 
process is the ejection of electrons from gas molecules by high energy ultra-violet light 
(photoionization) generated by the original avalanche. It has been found by several investi-
gators that the radio noise level generated when the conductor is positive is significantly 
greater than it is when the conductor is negative. In the case of a positive overhead line 
conductor, the cathode is so far away that cathode emission is of no consequence and the 
secondary process existing in this case is photoionization of the gas. 

When streamer corona forms at a point on the conductor, two types of pulse fields will exist. 
Near the streamer a localized field is formed and along the line the direct field is developed 
due to the pulses travelling down the line. For the design of extra high voltage lines, only the 
direct field is considered significant, and the most useful measurements are made at some 
distance from the streamer locations on the line conductor. 
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For a more detailed discussion of the theoretical aspects of conductor corona, see [1, 2] 3. 

5.1.2 Factors in corona generation 

5.1.2.1 General 

The possibility of a corona discharge taking place at the surface of a conductor is dependent 
upon several factors, these include: 

a) theoretical conductor surface voltage gradient which depends on: 
1) system voltage; 
2) conductor diameter; 
3) spacing of the conductor from earth and other phase conductors; 
4) number of conductors per phase or in the bundle; 

b) conductor diameter; 
c) conductor surface conditions; 
d) atmospheric and weather conditions. 

Each of these factors will be considered separately. 

5.1.2.2 Conductor surface voltage gradient 

One of the most important quantities in determining the radio noise level of a line, especially 
when conductor corona is dominant, is the strength of the electric field in the air at the surface 
of the conductor or surface voltage gradient. 

Because of the close dependence of conductor corona on the value of this voltage gradient, it 
is necessary to use a method of calculation which gives the gradient with a precision of about 
1 %. 

Since conductors are usually stranded, the surface voltage gradient varies about a mean 
value around the circumference of the conductor. However, it is customary to calculate the 
surface gradient for a smooth conductor with the same overall diameter, even if an experi-
mental stranding factor has to be introduced. 

Equations for the calculation of the voltage gradient at the surface of a conductor are given in 
Annex A for the simple case of a single-phase line with earth return or a monopolar DC line to 
the more complex three-phase multi-circuit and bipolar DC lines. Usually the calculations 
need a matrix equation and computer programs are used for both single and multi-circuit 
three-phase lines and the more complex high-voltage DC lines. 

5.1.2.3 Conductor diameter 

The radio noise level increases with increasing conductor diameter even if the conductor 
surface gradient remains the same. This phenomenon is due to the fact that the decay of the 
electric field strength from the surface of a conductor decreases with increasing conductor 
diameter. Therefore, the electric field surrounding a large conductor can support longer 
corona streamers than the electric field around small conductors. 

5.1.2.4 Conductor surface conditions 

The type of conductor, for example circular or segmental stranding, and the condition of its 
surface, that is to say the degree of smoothness or roughness, the presence or absence of 
pollution, water droplets, snowflakes, etc., have a strong influence on the generation of 

_______________ 

3 The figures in square brackets refer to the Bibliography. 
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corona. A transmission line conductor when first strung will usually have higher corona 
activity due to surface irregularities such as aluminium burrs, bird droppings, dust, soil, mud 
or any other deposits causing corona even in fair weather. However, after a line is energized 
the corona losses and radio noise will decrease with time.  

There are usually two time periods involved; the first period is the first few minutes after the 
conductor is energized and the corona activity is burning off the dust and other particles that 
have collected on the conductor before it was energized. The longer time period is needed to 
blacken completely a conductor which makes it look weathered and also destroys the surface 
grease on new conductors. 

There is also evidence that as the conductor ages the radio noise level, even during rain, will 
decrease. The surface of a new conductor is hydrophobic, due to the oil that is present on the 
surface from the manufacturing processes, and water beads form on this oily surface. As the 
conductor ages, its surface becomes hydrophilic whereby the surface of the conductor draws 
up the water drops into the strands. 

5.1.2.5 Atmospheric and weather conditions 

A reduction in the barometric pressure or an increase in the ambient temperature, or both, 
can reduce the air density which reduces the breakdown strength of air and thereby increases 
the likelihood of a corona discharge taking place on a conductor. The barometric pressure is 
usually important only at altitudes above approximately 1 000 m. In areas that have sufficient 
rain, fog, frost or falling temperatures which can lead to the formation of ice or water droplets 
on the conductor, corona discharges are more likely to take place due to these conditions. 
Rain and snow are the cause of the highest corona activity at the surface of a conductor and 
can cause the radio noise level to increase by more than 20 dB compared with the noise from 
the same line under dry conditions. The water droplets or snow which collects on the 
conductor surface during a storm modify the electric field significantly, creating a large 
number of corona sources. Discharges may also occur when a snowflake or raindrop passes 
the conductor and initiates a discharge from the conductor to the particle. 

5.2 Methods of investigation of corona by cages and test lines 

5.2.1 General 

Two basic methods have been used to investigate the corona phenomena from transmission 
lines. These are test cages and test lines [9, 21, 31]. 

5.2.2 Test cages 

Test cages have been used by many experimenters to determine rapidly the excitation 
function of a conductor or a bundle of conductors [4 to 6]. The excitation function is related to 
the current in the bundle by the following: 

 
02 ε

Γ
π

=
CI  (1) 

where 
I  is the high frequency current injected into the conductor or bundle of conductors in A/m1/2, 
C  is the capacitance in F/m; 

Γ is the excitation function in A/m1/2, and 

ε0  is the absolute permittivity of the air. 

The main advantage of the concept of the excitation functions is that it is a quantity 
independent of the conductor capacitance per unit length. 
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The radio noise current in a test cage is measured using measuring instruments complying 
with CISPR 16-1-1. The current at one end of the conductor or bundle is passed through a 
high-frequency coupling circuit similar to those described in 4.5 of CISPR TR 18-2:__4. The 
equivalent impedance of the resistors and of the measuring instrument used in these circuits 
is usually made equal to the characteristic impedance of the conductor or bundle to avoid the 
occurrence of successive reflections. 

Test cages have been found to give reproducible radio noise data under heavy rain but, under 
foul weather conditions, they have proved inadequate because of the relatively small number 
of sources per unit length of conductor under normal stress. The length of conductor in a cage 
is generally too short to give a representation of an actual long line. Additionally, the surface 
condition of the conductor and meteorological conditions surrounding a short line near to the 
ground are not necessarily the same as the conditions on an operational line. 

Application of the excitation function to multi-phase lines requires the use of Equation (1) in 
matrix form [7 to 9]. 

 [ ] [ ] [ ]Γ
ε

××
π

= CI
o2

1
 (2) 

5.2.3 Test lines 

Whilst test cages are built for reasons of economy and ease of testing, full-scale test lines are 
still being built, primarily to study corona phenomena on future ultra high voltage (UHV) lines. 
There is no standard length for test lines. Test lines, single and three-phase AC lines and 
bipolar DC lines, as long as 8 km and as short as 300 m have been built [10 to 30]. 

There have been some attempts to measure the excitation function on short test lines and 
with some success, especially on short DC test lines [28, 29]. 

For long transmission lines, the radio noise frequency spectrum exhibits a characteristic of a 
steadily decreasing level with increasing frequency. However, for short test lines this situation 
does not exist. Due to reflections of the radio noise voltages and currents at the line 
terminations, a standing-wave pattern in the frequency spectrum is created. This spectrum is 
characterized by sharp peaks and broad valleys, the exact form being dependent on the 
length of the line, the type of terminations, and the longitudinal location of the measuring point. 

The approach that has been used by most investigators to correct the short-line frequency 
spectrum to the long-line spectrum is the "Geometric mean method" [12, 14 to 16, 18, 26, 29]. 
This correction is made by taking the geometric mean in terms of mV/m of the successive 
maxima and minima of the short line frequency spectrum. In terms of dB(mV/m), the arithmetic 
mean is used. 

This approach, strictly speaking, is only valid for the idealized case of a perfectly horizontal 
single phase line with terminations that appear as pure open circuits for radio frequencies. 
However, experimental studies show that, for all practical purposes, this approach is valid for 
AC and DC lines [28, 32, 33]. 

5.3 Methods of predetermination 

5.3.1 General 

Because of the need for higher transmission voltages, a considerable amount of research has 
been conducted over the past 50 years, in various parts of the world, to understand the 

_______________ 

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017. 
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corona process. One of the primary purposes of this research was to develop methods to 
predetermine radio noise. 

Radio noise measurements that have been conducted on short full-scale single and three-
phase AC test lines, on DC test lines, on operational lines, and in the laboratory, have 
resulted in several empirical and semi-empirical equations for predicting radio noise. These 
equations can be used to predict the radio noise performance of different high-voltage lines, 
as long as the voltage and the design parameters are known. All the methods rely on 
experimental data either from test lines, operational lines or test cages. Two basic methods 
have evolved over the years, the first one being analytical or semi-empirical and the second 
being empirical or comparative. 

5.3.2 Analytical methods 

No purely analytical method of predicting transmission line radio noise exists. Two semi-
empirical methods have been developed by Electricité de France (EDF) [8] and Project Ultra 
High Voltage (UHV) [7] in the United States of America. Both of these analytical methods rely 
on radio noise data from test cages and on highly complex analysis, and they are adequately 
described in the literature. 

The calculation of radio noise from transmission lines using these analytical methods is a two-
stage process. The excitation function is obtained from cage tests, the system of line 
capacitances is established and the injected noise currents per unit conductor length are 
calculated using Equation (2). The theory of modal propagation is applied to obtain the modal 
currents flowing in a given cross-section of the line. The attenuations of propagation of these 
modal currents are calculated and these currents are recombined into real high-frequency 
currents taking into account the quadratic summation over the whole line length to obtain the 
total noise currents. 

The next step is to calculate the noise field near the line, which is based on the total noise 
currents through the cross-section of the line, or the noise voltages on the phases. The lateral 
noise profile can then be obtained (see examples in 5.4). 

Computer programs are usually used to perform these complex calculations and such 
programs have been written at EDF and Project UHV. 

5.3.3 CIGRÉ method 

The comparative equations are generally quite simple and easy to use. Some of the best 
known equations for AC lines are described in a CIGRÉ Publication [1] and the technical 
literature [34, 35]. There are also several comparative equations for DC lines and these are 
described in Clause 8. 

The highest precision of predetermination, using any of these equations, is obtained by 
choosing long-term data from an operational reference line which uses conductors or bundles 
close to those being studied [36, 37, 38]. 

CIGRÉ has made a more complete analysis of the different predetermination methods using 
the data collected by the CIGRÉ/IEEE Survey [6, 34, 35]. From this analysis they developed a 
new method that can be considered optimal. This method is expressed by a fairly simple 
equation, which is given in 5.3 of CISPR TR 18-3:__5 [59]. 

_______________ 

5 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017. 
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5.4 Catalogue of standard profiles 

5.4.1 General 

A large number of measurements on operational lines, together with calculations supported by 
measurements on cage and test lines, have been carried out and examples of the results for a 
variety of line designs are given in Annex B. The given values are valid only for lines 
constructed and maintained according to normal practice and not heavily polluted, as other-
wise these conditions can give rise to higher radio noise levels than those due to conductor 
corona. 

Annex B gives the estimated value of the radio noise field which is possible to obtain under 
certain well-defined conditions. It also includes references which can be used for pre-
determining the field that a new line may be expected to produce. It also includes, as 
examples, curves giving the field strength as a function of the lateral distance y from the line 
for certain types of line (see Figures B.1 to B.13). 

NOTE The appearance of a given line in the catalogue in Annex B does not mean that this line generates an 
acceptable radio noise level; it gives only an indication of the order of magnitude to be expected for the given line 
design. 

5.4.2 Principle of catalogue presentation 

Radio noise measurements taken both on operational lines and on test lines have indicated 
that the stability and reproducibility of the field due to conductor corona is most accurate 
under conditions of heavy and continuous rain. It should be noted that this heavy rain value 
may not be the maximum foul-weather value, which can be a few dB higher. 

Extensive statistical surveys have also indicated that there is a reasonable correlation 
between the heavy rain radio noise level and the 50 % fair-weather level, though the 
dispersion under fair-weather conditions is larger. For practical purposes, the 50 % fair-
weather level is usually of greater importance, this value being derived from the heavy 
continuous-rain level by a reduction of between 17 dB and 25 dB, depending upon conductor 
surface conditions. 

It is therefore possible to establish a catalogue of radio noise fields for certain transmission 
lines. For the practical use of this catalogue, three noise levels are considered, namely the 
50 % fair-weather level and, depending on the origin of the profiles, either the heavy-rain level 
(20 dB higher) or the maximum foul-weather level (24 dB higher). From these reference levels, 
it is possible to estimate the radio noise levels for other types of weather, if the yearly 
statistical distribution of levels is known for the geographical area under consideration (see, 
for example, Figure B.15). 

These principles are valid only for radio noise generated by conductor corona. The radio 
noise currents generated by other components of the line, insulator strings, hardware and so 
on, are not taken into consideration. These conditions are satisfied when the conductors of 
the line are subjected to a relatively high surface stress, in excess of, say, 14 kV RMS/cm 
when referred to smooth conductors. However, for lines whose conductors are subjected to a 
surface stress less than, say 12 kV RMS/cm, it is the radio noise from the insulators and other 
hardware which may, under certain conditions, predominate. Under these conditions, it is not 
possible to use this catalogue to predict the noise level since a good quality of insulators and 
hardware has been assumed. 

The radio noise profiles for the 225 kV, 380 kV and 750 kV lines included in this catalogue 
were calculated by the Analig method [8]. 

The profiles for the 362 kV, 525 kV and 765 kV lines were determined from the results of the 
CIGRÉ/IEEE survey [35, 39]. 
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The radio noise profiles for the 345 kV and 765 kV HV transmission lines included in this 
catalogue were calculated by the comparative method [56]. 

The surface gradients have been calculated using the general method of potential coefficients. 
This method gives, with great accuracy, the electric surface gradient of each conductor of a 
line. A survey of methods for calculating transmission line surface voltage gradients is given 
in [40]. 

The shape of the lateral profiles of the radio noise field is essentially dependent on the 
conductor configuration. The distance between phases and their height above the ground 
have a major influence. The type of conductor or the bundle only slightly affects the shape of 
the profile owing to the structure of the capacitance matrix. When changing from one type 
of conductor to another with the same geometry, so long as the two matrices are proportional 
to each other, the profile will not be significantly changed. This assumption is sufficiently true 
to be applied in practice. 

In Annex B, profiles have been assembled for certain types of overhead power line. The 
influence of the number and arrangements of conductors per phase, their diameter and their 
voltage gradient, were taken into account merely by applying the appropriate correction to a 
reference profile. Thus each figure in the catalogue gives such a reference profile and a table 
of values and corrections applicable to other lines using other conductors and bundles. 

The profiles are given for a measurement frequency of 0,5 MHz and the radio noise levels for 
other frequencies, 0,15 MHz to 4 MHz, can be obtained from Figure B.14. 

The variations of the radio noise level, due either to climatic conditions or surface state of the 
conductors, can also be taken into consideration by estimated corrections to the levels of the 
basic profiles (see Figure B.15). 

Examples of measurements and calculations can be found in [8, 35, 39]. 

The catalogue is summarized in Annex C according to the conventions agreed so far in 
CISPR; that is to say the strengths of the radio noise fields are plotted as a function of the 
direct distance, measured from the centre of the loop antenna to the nearest conductor of the 
line, using a logarithmic scale. From Figure C.1, it is seen that substantially straight lines are 
obtained, and the field strengths at the reference distance of both, D0 = 20 m (direct distance) 
and simultaneously y0 = 15 m (lateral distance) are obtained by interpolation. 

The main radio noise levels, given in the catalogue, are listed in the table of Annex C; from 
this table it is possible to compare the levels of the various lines given in the catalogue and to 
predict, with sufficient accuracy for practical purposes, the field strength to be expected from 
a proposed line of similar design, provided the distance between a receiving antenna and the 
nearest conductor of the line is greater than 20 m. 

6 Radio noise levels due to insulators, hardware and substation equipment  
(excluding bad contacts) 

6.1 Physical aspects of radio noise sources 

6.1.1 General 

Insulators, hardware and substation equipment may be the source of radio noise which may 
lead to radio and, in some cases, to television interference also. This may be due to various 
phenomena such as corona discharges in the air at insulators and hardware, surface 
discharges on insulators and sparks due to bad contacts. Commutation effects in AC/DC 
converting equipment, which can also be a source of radio noise, are discussed in Clause 8. 
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This clause examines the phenomena of corona and surface discharges from the physical 
point of view; sparks due to bad contacts are dealt with in Clause 7. 

6.1.2 Radio noise due to corona discharges at hardware 

Corona discharges are caused by high potential gradients at certain surfaces of hardware 
such as suspension clamps, guard-rings or guard-horns, spacers and joints. Assuming that 
the voltage applied to the hardware is progressively increased, numerous different discharge 
processes occur. Only some of these are able to generate radio noise, but all are luminous to 
some extent and contribute to corona losses. The phenomena are similar to those described 
in 5.1 in respect of conductors. Similarly, in this case, various corona modes occur, 
depending on the polarity of voltage applied and in the following sequence; onset streamer, 
glow and pre-breakdown streamer for positive corona; Trichel or negative pulses, glow, and 
pre-breakdown streamer for negative corona. A glow discharge does not produce radio noise 
but onset streamer does. Trichel pulses produce low levels of radio noise but pre-breakdown 
streamers produce very high levels at very high voltages. 

The highest noise levels occur with modes corresponding to the pre-breakdown streamer, 
both positive and negative; however, these phenomena take place at much higher gradients 
that those corresponding to normal voltages and are therefore of little practical interest. 

As in the case of conductors, radio noise from hardware tends to increase in high humidity or 
rain, as a result of the increase in local gradients due to the presence of drops of water on the 
surface of the hardware. 

6.1.3 Radio noise due to insulators 

Insulator noise may be due to various reasons, most of which are associated with phenomena 
occurring at their surfaces, for example, small discharges due to enhanced local gradients, 
corona discharges due to unevenness created by dry deposits or drops of water, or sparks 
across dry bands caused by leakage currents on polluted insulators. Only in special cases, for 
example defective insulators, is the noise due to phenomena occurring inside the insulator, 
that is to say sparking in internal voids or punctures. However, radio noise can result from 
discharges between the cement and porcelain or glass and may occur if small air gaps are 
present at this margin. 

When the surface of an insulator is clean and dry, the current pulses at the origin of the radio 
noise are caused by discharges in areas of high potential gradient, depending on the 
geometry and material of the insulator and on the type of bonding to the cap and to the pin. 
Figure 7 shows, by way of an example, the equipotential lines, expressed as a fraction of the 
applied voltage, in a cross-section of a clean and dry insulator unit. 

It should be noted that these lines are much more concentrated and, therefore, the gradients 
are higher, near the cap and pin, where the discharges that cause the noise actually occur. 
The values of local potential gradients in an insulator unit, and therefore the noise levels, 
depend on the value of the voltage applied to the unit and, in the case of insulators consisting 
of several units, they also depend on the voltage distribution along the insulator string. This 
distribution tends to be less uniform as the number of units increases and, consequently, for 
the longer insulator strings or post insulators, it is necessary to have devices, such as metal 
rings, to improve the voltage distribution. 

The current pulses producing the radio noise on a clean and dry insulator do not differ 
substantially between positive and negative polarity and, generally, the pulses occur between 
the zero and peak values of the applied power frequency voltage. The shape of these pulses 
and, consequently, the cut-off frequency of their spectrum, depend on the self-capacitance of 
the insulator and the surge impedance of the line to which the insulator is connected. For 
normal values of these parameters, the cut-off frequency is about 1 MHz. The noise produced 
by a clean and dry insulator is therefore limited to frequencies up to about 30 MHz and, 
generally, for insulators with average characteristics, fairly low levels are produced. Bad 
design and suitable bonding can, however, cause higher levels extending to higher fre-
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quencies. As is also the case with corona discharges at hardware, television reception is not 
usually affected by this type of radio noise. 

If the insulator is lightly polluted and reasonably dry, for example in fair weather, the 
phenomenon described above is accompanied by corona discharges at surface irregularities 
caused by pollutants on the insulator. Generally this second phenomenon produces less 
serious effects than the first so that the noise levels, except in the case of certain types of 
pollution, for example near chemical works, are not significantly different from, or only slightly 
greater than, those occurring with a dry and clean insulator. 

If the surface of the insulator is clean, but damp or wet, the existence of drops of water 
produces pronounced corona discharges which, generally, produce higher levels of radio 
noise than are produced by discharges from points of surface pollution. This latter 
phenomenon, in damp conditions, may become less important due to a better voltage 
distribution. The noise level is generally greater than with dry insulators but, again, it is limited 
to frequencies up to a few megahertz. 

When the surface of the insulator is heavily polluted and wet, the phenomenon is completely 
different, since radio noise is produced by current pulses which flow when sparking occurs 
across the dry bands that are created by heating due to the passage of leakage currents on 
the surface of the insulator. The amplitude and number of these pulses depend on the voltage 
stress across the insulating dry bands, on the insulator shape and dimensions, on the surface 
conductivity of the pollutant layer and on the characteristic of the material at the surface of 
the insulator. The cut-off frequency of the spectra relating to these impulses may reach a few 
tens of megahertz and therefore the radio noise may also affect television frequencies. With 
wet and polluted glass or porcelain insulators, the radio noise at the normal voltage stresses, 
that are imposed by dielectric withstand requirements, may reach much higher levels than in 
other conditions previously described. 

These levels may be reduced, not only by reducing the voltage stress, but also by using 
insulators of special characteristics. For instance, insulators made of organic material, or 
glass or porcelain insulators coated with grease, prevent the formation of a continuous damp 
layer, and therefore of leakage currents and dry bands, due to the water repelling properties 
of the surface. Consequently, these are adequate solutions for reducing the noise level in wet 
and polluted conditions. However, such insulators may no longer be noise-free when aged 
and their surfaces become contaminated and hence more wettable. The semi-conducting 
glaze type of insulator is also a possible solution, as it is characterized by relatively low noise 
levels in polluted conditions, since the conducting glaze improves the control of voltage 
distribution and the heat caused by the current flow in the glaze maintains dry bands which 
are sufficiently wide to sustain the applied voltage without sparking. 

6.2 Correlation between radio noise voltage and the corresponding field strength for 
distributed and individual sources 

6.2.1 General 

This subclause deals with the problem of the correlation between the radio noise voltages of a 
single source of noise as can be measured in the laboratory, and the radio noise field strength 
actually generated in service by that source alone, or by a number of similar sources 
distributed along a line or present in a substation. 

Usually, a number of single sources, with similar characteristics, are distributed along a line, 
for example insulators and spacers, or are present in a substation, for example post insulators, 
clamps and joints. Occasionally, however, the radio noise may be caused by just one source, 
for example the noise produced by a defective insulator or a loose or faulty hardware on a line, 
the injected noise from a substation, or the commutation noise from an AC/DC converter. 
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A single source of radio noise, for example an insulator string, can be represented as an ideal 
current generator producing a noise current I and connected between the energized conductor 
and ground. As shown in 4.5 of CISPR TR 18-2:__6, this current can be measured directly in 
the laboratory by using an appropriate test circuit simulating the actual circuit in service and 
by connecting the object under test, which includes the noise source, to that circuit. Though 
the noise current is the parameter which is constant between service and laboratory 
conditions, the results of a laboratory measurement are usually expressed in terms of the 
voltage V across a resistance R of 300 Ω, corresponding to about half the surge impedance of 
a typical line taken as a reference. The relationship between the level of the noise voltage V, 
in dB(mV), and the level of the noise current I, in dB(mA), is given by the expression: 

I = V – 20 lg 300 = V – 49,5 

Briefly reviewed below are methods and equations for calculating the correlation between the 
above current level I and the level of the generated electric field strength E. These methods 
and equations apply only to frequencies up to a few MHz. 

6.2.2 Semi-empirical approach and equation 

6.2.2.1 Overview 

The general approach for establishing a quantitative correlation between the radio noise 
current I and the corresponding radio noise field strength E includes the following steps: 

a) Single noise source 
– Determination of the current I of the source, which can be obtained directly in the 

laboratory from measurement of the voltage V. 
– Calculation of the noise current in each phase for the section of the line for which the 

profile of the radio noise field is to be calculated. This step takes into account 
longitudinal attenuation as well as mutual coupling between phases. 

– On the basis of the radio noise currents in the above line section, calculation of the 
radio noise fields due to these currents at different lateral distances from the line. 

– For each lateral distance, the aggregate field is obtained by the summation of the 
above fields. 

b) Multiple noise sources 
– Repetition of the calculations described for the single source for each source present 

in the phase under consideration. 
– Aggregation of the noise fields for each distance from the line, calculated separately 

for each source on the phase under consideration. 

The above approach determines the electric field strength Ek due to the sources of noise that 
are present on phase k of a line or a substation. Calculations are repeated for each phase on 
which noise sources are present. The aggregate field strength level E at each lateral distance 
is obtained, according to the rule described in [1], in adding 0 dB to 1,5 dB to the highest 
value of the field strength level calculated for each phase at the particular lateral distance. In 
normal cases involving three-phase lines, with the same distributed sources on each phase, 
the correction derived from the above rule is generally lower than 1 dB and hence it can be 
neglected. The aggregate field strength level E can therefore be evaluated by considering the 
sources of noise on the nearest phase only. 

6.2.2.2 Equations 

On the basis of the above approach, the following semi-empirical equations can be obtained: 

_______________ 

6 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017. 
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a) Single noise source 
1) In the case of lines with only one conductor, for example a monopolar DC line, the 

electric field strength level E(x), in dB(mV/m), at a longitudinal distance x, in km, from 
the injection point of the noise source generating a noise current level I, in dB(mA), and 
at a given lateral distance y, in metres, from the line, can be expressed by the 
following equation: 

 E(x) = I + A – Bx + C (3) 

where A takes into account the splitting of the injected current on either side of the 
injection point. It can be calculated by means of the equation  
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where Z1 and Z2 are the surge impedances of the two sections on either side of the 
injection point. In the most common case of a single source of noise on a long line, for 
example a defective insulator, Z1 = Z2 and then A = –6 dB. 
Term Bx expresses the attenuation of the current along the line. Coefficient B, in 
practice, lies between 2 dB/km and 4 dB/km; an average value of 3 dB can be 
assumed for frequencies around 0,5 MHz. 
C expresses the correlation between the strength of the noise field and the noise 
current in the section of the line where the field is to be calculated. It can be 
determined experimentally, but it can also be obtained by making use of the following 
equation (for the meaning of the symbols, see Figure 8): 
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For a direct distance D from the conductor of 20 m, that is to say the CISPR position, 
the value of C lies between 7 dB and 12 dB. 

2) In the case of three-phase lines, a similar semi-empirical equation can be used for the 
determination of the electric field strength level E(x) produced by the nearest phase: 

 E(x) = I + A + F(x) + C (4) 

The most important difference between the two cases represented by Equations (3) 
and (4) is that in the case of a three-phase line the longitudinal attenuation cannot be 
expressed by means of only one attenuation constant; in this case the definition of an 
attenuation function F(x) is necessary. Figure 9 shows an average trend of this 
attenuation function, based on the results of experiments performed on high voltage 
and extra high voltage lines. The other symbols in Equation (4) are the same as in 
Equation (3) [41, 45, 46, 47, 48, 49, 50]. 

b) Multiple noise sources 
1) In the case of lines with only one conductor, the electric field strength level E, due to 

multiple noise sources equally distributed along the conductor, can be expressed by 
the equation: 

 E = I + A – 10 lg (α·s) + C (5) 

where 
A and C  are the same as in Equation (3); 
s  is the distance between sources at the line in m; 
α  is the attenuation constant/m, and is related to coefficient B of Equation (3) 

by means of the relationship: 
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 α = (B/8,7) × 10–3  

The range of values assumed by coefficient α per metre, corresponding to the range of 
B given in the preceding paragraph is between 250 × 10–6 and 450 × 10–6. Equation (5) 
applies to lines of infinite length and for shorter lines appropriate corrections can be 
applied. 

2) In the case of three-phase lines, the electric field strength level E, due to distributed 
sources of noise on the three phases, can be calculated as follows: 

 E = I + A + (D – 10 lg (s/500)) + C (6) 

where the term (D – 10 lg (s/500)) takes into account the aggregation of the noise 
sources along the line on the basis of an average attenuation law given in Figure 9. 
Average values of D lie between 10 dB and 12 dB. Equation (6) also applies to lines of 
infinite length and for shorter lines appropriate corrections can be applied. 

6.2.3 Analytical methods 

The correlation between noise current and noise field can also be evaluated by means of 
analytical methods similar to those already described in the case of the corona effect on 
conductors (see 5.3). When the radio noise current I, generated by an individual source on a 
conductor and injected into the conductor, is known, the determination of the electric field 
strength E, produced at a given position with respect to the conductor, is carried out by 
considering, in the first place, the splitting of the current I between the two sections of line, as 
seen from the injection point. For example, in the case of a source of noise on a line of infinite 
length, the current propagating along the conductor is then calculated and, finally, the field 
produced by the current at a given position is evaluated. 

In the case of lines with only one conductor, for example a monopolar DC line, the calculation 
process is relatively simple, as all it calls for is a knowledge of the attenuation constant as a 
function of the frequency and the resistivity of the soil. 

In the case of lines with more than one conductor, three-phase AC lines, bipolar or monopolar 
DC lines, the calculation of propagation of the noise is less simple and is generally dealt with 
by modal analysis. The complete modal theory is relatively complex and various more or less 
simplified procedures have been developed [2, 3, 8, 42, 43, 44]. The principle, however, 
remains substantially the same and the actual system of radio noise currents, or voltages, is 
reduced to a few simple systems, characterized by simpler laws of propagation similar to 
those that exist for a system with only one conductor. It is then a question of applying similar 
calculations to each system and then aggregating the individual fields in order to determine 
the resultant field. 

Where several sources are distributed on one of the three phases, the calculation process is 
much the same as previously described for the single source. In this case, account has only 
to be taken of the aggregation of the various sources of noise which are usually assumed to 
be of the random type. 

In the case of noise sources on all three phases, the calculation of the E field is carried out 
separately for the noise injected into each phase, and the total E field is obtained by the same 
processes as those described in 6.2.2.1. 

6.2.4 Example of application 

An example using the analytical method described above has been worked out with reference 
to a 420 kV line of infinite length having an average span length of 400 m and insulator 
strings producing a radio noise voltage, when referred to 300 Ω, of 49,5 dB(mV), that is, a 
radio noise current of 1 mA per string. These calculations have been performed by using 
suitable computing programs and the results are summarized in Figure 10, which also gives 
the data assumed in the calculations. 
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If the calculations are repeated using the semi-empirical Equation (6), with reference to the 
CISPR position of 20 m from the nearest conductor and assuming an average value for D of 
11 dB, the following value is obtained for the electric field strength level: 

=






 ×
+−+−=

220

92
60lg20

500
400

lg101160E  14,5 dB(mV/m) 

This is in good agreement with the value of 13,5 dB(mV/m) calculated by the analytical method 
(see Figure 10). 

6.3 Influence of ambient conditions 

Subclause 6.1 gives qualitative information on the effect of the ambient conditions; humidity, 
rain, fog, pollution, on the radio noise levels of insulators and hardware. This information is 
based essentially on a simplified analysis of the physical phenomena involved in the various 
situations. The knowledge of these physical phenomena is generally sufficient to establish 
qualitative variation laws of the radio noise levels as a function of the main parameters 
characterizing the surface conditions of the insulators and hardware. 

On the other hand, some uncertainties still exist on the quantitative effects of these 
parameters. In particular some results of radio noise tests performed by different experi-
menters on lightly polluted insulators, especially in dry conditions, are not quite consistent. 
There is at present no agreed procedure for simulating in the laboratory the most common 
service conditions of lightly polluted insulators nor the implementation of any relevant test 
results as referred to in CISPR TR 18-2. 

The matter is under consideration and will be reviewed when the results of studies within 
CIGRÉ yield agreed and conclusive data. 

7 Sparking due to bad contacts 

7.1 Physical aspects of the radio noise phenomenon 

Not bonded conducting parts of a power line or substation, or even such items as nearby 
metal fences or rain-water guttering, when in the strong electric field of high voltage power 
lines and associated equipment, can become electrically charged and the potential difference 
between adjacent conducting parts will increase even if both parts are floating, that is to say 
they are not connected to a line conductor or to earth. 

If the distance separating the conducting parts is small, the increasing field strength in the 
intervening space may reach the critical level and lead to a complete breakdown of the gap. 
Avalanche ionization initiates the development of an arc, gap discharge occurs, the potential 
difference across the gap then falls to a low level and the arc extinguishes. The whole 
sequence of events can be repeated when the parts become re-charged, as the space is once 
again electrically stressed and the next gap discharge takes place. 

The repetition rate of this sequence depends on the charging and discharging time constants 
of the circuit and the value of the surrounding electric field, as well as on the length of the gap. 
Individual sparks can occur at many hundreds to a few thousands of times per second. The 
repetition rate is, however, at least one order of magnitude lower than the range of repetition 
rates of corona discharges. 

The probability of a particular gap sparking over is, of course, greater around the peaks of the 
power frequency voltage. When the line voltage and consequently the field strength in the gap 
exceeds a critical value, a train or burst of sparks is generated during each half-cycle. 
Figure 11 shows  an example of an impulsive radio noise train due to gap-type 
discharges [60]. 
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The significant factor in the shape of the discharge pulse is its steep rise time and, 
consequently, a broad range of high frequencies is produced and emitted. A comparison 
between the frequency spectra of the radio noise field from corona and gap-type discharges, 
at a particular distance from the line, is shown in Figure 12 using a QP detector. The emitted 
frequencies may extend to a few hundred megahertz. If the discharge process excites a 
hardware or component which is capable of resonance at a particular frequency, due to its 
geometrical dimensions, energetic narrow-band radiation at this frequency may occur as the 
hardware or component acts as a tuned antenna. 

Figure 13 illustrates the frequency spectra of the radio noise field from gap-type discharges at 
a particular distance from a distribution line as well as the frequency spectra of BGN including 
digital television broadcasting waves measured with a peak detector [61]. Figure 13 shows 
that the frequency components are widely distributed up to 1,5 GHz although the magnitudes 
of frequency components of digital terrestrial television broadcasting are not equivalent 
because of the limited number of measuring frequencies. 

Therefore, gap-type discharges may cause interference to the reception of both AM sound-
signals and analogue/digital video signals. By contrast, FM signals are less likely to be 
affected by this type of interference. 

Propagation along the line, with the associated electric and magnetic fields, and radiation are 
the routes by which the disturbing radio frequencies reach the receiving antenna. It has been 
observed, in practice, that noise at frequencies corresponding to the long and medium wave 
bands propagates some tens of kilometres along the line. At television and f.m. radio 
frequencies the propagation along the line is less important than radiation from the source. 
Line geometry, resistance of the underlying ground and the frequency are of major importance 
to propagation. For the higher frequencies, the attenuation along the line is greater and the 
distance of propagation is shorter. 

Significant levels of the radio noise field are normally confined to the immediate vicinity of the 
line, possibly reaching out to a few hundred metres on either side. If, however, a resonant 
condition occurs in a hardware or component, a narrow band of radiation may be measured at 
distances of up to a few kilometres. A curve showing a typical relationship between field 
strength and distance is shown in Figure 14. The fluctuations are the result of the interaction 
of the direct wave with the ground-reflected wave. 

7.2 Example of gap sources 

Gap sources on overhead lines may be due to lightly weighted cap and pin insulators, where 
the weight of the insulator is insufficient to prevent the metal contact surfaces from oxidizing, 
or with corroded metal parts, or faulty joints. In the case of porcelain string insulator units, it 
has been found that sparks can be produced by discharges in small voids in the porcelain. 
Broken insulators, paint layers and even objects not forming part of a transmission line, such 
as nearby not bonded metal fences or gutters, may give rise to gap discharges. 

Where wood poles are used for power lines, sparking may occur between items of metal 
hardware which can lead to severe interference to television reception. This usually occurs 
due to the shrinking or swelling of the wood with variations in the humidity. As the wood 
shrinks, nuts and bolts used to hold the cross-arms in place, or to fasten insulator pins to the 
pole or cross-arm, can become slightly loose. If any corrosion is present between the nut and 
bolt, or the washer if one is used, an imperfect contact results and sparking takes place. 

Another source of television interference from wood-pole lines can arise from the staples used 
to fasten the earth wire to the pole. As there are potential differences between sections of the 
pole, the staples may spark over to the earth wire, particularly if there is any corrosion 
between them. 

Finally, the contact between a pin-type insulator and phase conductor can be a source of 
sparking at the tie-wire, where the conductor rests in the top groove, or at the stirrups in the 
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side groove. The problem is the small, highly stressed, pockets of air between the conductor 
and the insulator that may spark over. 

Care shall be taken both during the erection of the line to ensure good workmanship 
throughout and, in the subsequent maintenance, to ensure that any defects caused, for 
example by vandalism, are found and the necessary remedial action taken. Special attention 
should be given to the design and maintenance of equipment to ensure the durability and 
adequacy of contacts at, for example, air-break isolating switches, the flexible connections 
provided in the design of such switches, fuse-mounts and line taps. 

Gap discharges are strongly influenced by the weather. It is only in dry weather that a small 
gap between, for example, two conductive parts provides insulation which can break down. In 
wet weather the gap may be bridged with water, thereby establishing a conducting path. 
Therefore, interference caused by gap discharges is a phenomenon that is normally 
associated with fair weather and it is usually absent in wet weather. Consequently, this type 
of interference is often referred to as dry noise. 

8 Radio noise from HVDC overhead power lines 

8.1 General [56, 57] 

8.1.1 Description of electric field physical phenomena of HVDC transmission 
systems 

Electric fields are produced in the vicinity of a HVDC transmission line, with the highest 
electric fields existing at the surface of the conductor. When the electric field at the conductor 
surface exceeds a critical value, the air in the vicinity of the conductor becomes ionized, 
forming a corona discharge. Ions of both polarities are formed, but ions of opposite polarity to 
the conductor potential are attracted back towards the conductor, while ions of the same 
polarity as the conductor are repelled away from the conductor. Space charges include air 
ions and charged aerosols. Under the action of an electric field, space charge will move 
directionally and ion current will be formed. 

The electric field is another aspect of the electrical environment around an overhead HVDC 
transmission line. An electric field is present around any charged conductor, irrespective of 
whether corona discharge is taking place. However, the space charge created by corona 
discharge under DC conditions modifies the distribution of an electric field. The effect of 
space charge on electric fields is significant. 

For the same HVDC transmission lines, the corona onset gradients of positive or negative 
polarities are different and the intensity and characteristics of corona discharges on positive 
or negative conductors are also different. Consequently, during the design of HVDC 
transmission lines, special consideration should be paid to the allowable values of the 
maximum ground-level electric field and ion current density. 

Corona on a conductor of either positive or negative polarity produces ions of either the 
positive or negative polarities in a thin layer of air surrounding each conductor [57]. However, 
ions with a polarity opposite to that of the conductor are drawn to it and are neutralized on 
contact. Thus, a positive conductor in corona acts as a source of positive ions and vice-versa. 
For a unipolar DC transmission line, ions having the same polarity as the conductor voltage 
fill the entire inter-electrode space between the conductors and ground. For a bipolar DC 
transmission line, the ions generated on the conductors of each polarity are subject to an 
electric field driven drift motion either towards the conductor of opposite polarity or towards 
the ground plane, as shown in Figure 15. The influence of wind or the formation of charged 
aerosols are not considered at this stage. Three general space charge regions are created in 
this case: 

a) a positive unipolar region between the positive conductor and ground, 
b) a negative unipolar region between the negative conductor and ground, 
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c) a bipolar region between the positive and negative conductors. 

For practical bipolar HVDC lines, most of the ions are directed toward the opposite polarity 
conductor, but a significant fraction is also directed toward the ground. The ion drift velocity is 
such that it will take at least a few seconds for them to reach ground. Actually, the molecules 
traveling along ion paths are not always the same ions. In fact, collisions between ions and air 
molecules occur during the travel at a rate of billions per second and cause charge transfer 
and reactions between ions and neutral molecules, so the ions reaching the ground are quite 
different from those that were originally formed by corona near the conductor surface. The 
exact chemical identity of the ions, after a few seconds, will depend on the chemical 
composition and trace gases at the location. 

The corona-generated space charge, being of the same polarity as the conductor, produces a 
screening effect on the conductor by lowering the electric field in the vicinity of the conductor 
surface and consequently reducing the intensity of corona discharges occurring on the 
conductor. In the unipolar regions, the space charge enhances the electric field at the ground 
surface. The extent of electric field reduction at the conductor surface and field enhancement 
at the ground surface depend on the conductor voltage as well as on the corona intensity at 
the conductor surface. In the case of the bipolar region, however, the mixture of ions of 
opposite polarity and ion recombination tend to reduce the screening effect on the conductor 
surface. This leads to a smaller reduction in the intensity of corona activity near the 
conductors than in the unipolar regions. 

8.1.2 Description of radio interference phenomena of HVDC transmission system 

High voltage DC transmission systems can generate radio noise in two quite different ways: 
firstly, by the normal operation of the main converter valves, which may be of the mercury arc 
type or thyristors and, secondly, by corona discharge and associated phenomena on the high 
voltage equipment, busbars and overhead lines. It is therefore necessary to take into 
consideration: 

a) the effect of DC corona; 
b) the effect of valve firing. 

Compared with high voltage AC transmission systems, the problem of radio noise from high 
voltage DC systems is not so important, as only relatively few are in operation throughout the 
world. Consequently, experience of radio interference problems associated with high voltage 
DC systems is less than that with high voltage AC systems. Most of the information on high 
voltage DC interference has been obtained from test lines and cages, and the remainder from 
existing systems. 

High voltage DC transmission systems are at present operating at voltages up to ± 800 kV 
and, in the near future, even higher voltages will be used [57]. 

Radio interference from the HVDC overhead power lines may be generated over a wide band 
of frequencies by: 

a) corona discharges in air at the surfaces of conductors and hardware;  
b) discharges and sparking at highly stressed areas of insulators; 
c) sparking at loose or imperfect contacts. 

8.2 Physical aspects of DC corona 

Although the causes of radio noise from high voltage DC systems, due to corona discharges 
on line conductors, insulators and hardware, is the same as for AC, there are some noticeable 
differences in the effects. The physical aspects of AC corona were discussed in 5.1, but the 
corona mechanism with DC is different because: 

a) a stationary ionization sheath is created around each conductor;  
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b) a space charge is built up in the remaining space between the conductors and ground and 
between conductors themselves.  

The ionization acts partly as a shield, which modifies the electric field close to the conductor 
and, due to the space charge, the actual electric field differs markedly from the theoretical 
static field. 

For an AC line, no stationary space charge exists and the ionization effects around the 
conductor act in a different manner. 

Corona discharges are always initiated by collisions of free electrons with stable atoms. 
These electrons exist in the atmosphere under all normal conditions and move away from the 
negative conductor and towards the positive conductor. This leads to a significant difference 
between the two resulting forms of corona. Negative corona discharges occur at a high 
repetition frequency and generate corona pulses of moderate amplitude, whilst those near the 
positive conductor are less frequent and generate corona pulses of much larger amplitude. 

8.3 Formation mechanism of a noise field from a DC line 

Corona discharges on conductors, insulators or line hardware or sparking at bad contacts can 
be the source of radio interference as they inject current pulses into the line conductors. The 
corona current propagates along the conductors in both directions from the injection point. 
The various components of the frequency spectrum of these pulses have different effects. The 
radio interference voltages and currents propagating along the line produce an associated 
propagating electromagnetic field near the line (Figure 16). The fields near the line are related 
to the radio frequency voltages and currents propagating along the line, depending on the 
surge impedance of the line. Furthermore, the directions of the electric and magnetic field 
components are largely determined by the geometrical arrangements of the line conductors. 
And the soil conditions affect differently the mirror image in the ground of the electric and 
magnetic field components, respectively. 

In the case of a HVDC line the total electric field strength is the vector sum of the individual 
field strength components associated with each polar conductor. A more comprehensive 
treatment, together with practical methods of assessing the electromagnetic field, is needed. 

8.4 Characteristics of the radio noise from DC lines 

8.4.1 General 

The radio noise characteristics: level, frequency, spectrum and lateral profile of a high voltage 
DC line are determined by: 

– design parameters; 
– line voltage, or conductor surface voltage gradient and polarity; 
– weather conditions. 

The subjective effects of a DC noise field are less than those from the field, of identical 
strength, from an AC line because of the different character of the noise. 

8.4.2 Frequency spectrum 

In case of AC lines, the radio noise spectrum is one of the main characteristics of a high 
voltage line. The frequency spectrum for DC lines seems to show a similar shape over the 
long and medium wave radio frequency range, but further investigations should be made. 

The spectrum is the variation of the radio frequency interference (RFI) measured at a given 
point in the vicinity of a DC line, as a function of the measurement frequency. Two 
phenomena are involved: 

a) Current pulses 
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The current pulses generated in the conductors by the discharges show a particular spectrum 
dependent on the pulse shape. For this type of discharge, the measured noise level falls with 
frequency. In the frequency range 150 kHz to 1,606 5 MHz, where the positive discharges 
have a predominant effect, the spectrum is independent of the conductor diameter. 

b) Attenuation 

The attenuation of noise propagating along the line increases with frequency. In the case of 
AC lines, the RFI spectrum is one of the main characteristics of a high voltage line. The 
frequency spectrum for DC lines seems to show a similar shape over the long and medium 
wave frequency range, but further investigations should be made. 

8.4.3 Lateral profile 

The lateral profile of the radio noise field of a bipolar HVDC line is nearly symmetrical about 
the positive conductor if the earth wires are corona-free. This behavior can be explained by 
the fact that the negative conductor produces a lower level of radio interference than the 
positive conductor. With the same gradient for both conductors, the difference in their RFI 
level contributions is at least 6 dB. Hence radio noise from the negative conductors may be 
considered to be negligible. For a negative monopolar DC line, the noise level may be even 
20 dB lower than for the same line with positive polarity. 

8.4.4 Statistical distribution 

The systematic study of fluctuations in the radio noise level of a line necessitates continuous 
recording of the field strength under this line for at least one year at a fixed distance from the 
line and with a fixed measurement frequency. Numerous researchers, in many countries, have 
carried out such measurements with the result that there exist fairly reliable data on the 
annual or seasonal variations in the radio noise level. These results are often presented 
according to statistical analysis methods, that is to say in form of histograms, or as cumulative 
distributions. The latter express the percentage of time during which the radio noise level was 
less than a given predefined value. 

The most important causes of fluctuations in the recorded radio noise level are: 

– the random nature of the phenomenon; 
– variations of the meteorological conditions, both at the measuring point and along the few 

tens of kilometers of the line which contribute to the local interference; 
– changes in the surface state of the conductors, which is affected not only by weather 

conditions such as rain and frost, but also by deposits of dust, insects and other particles. 

8.5 Factors influencing the radio noise from DC lines 

8.5.1 General 

Design parameters 

Unlike AC lines, a DC line is normally either monopolar, with earth or sea/earth return, or 
bipolar, with single or bundle conductors. The insulator length and the pole spacing can be 
relatively small because the internal overvoltages are significantly lower than with AC, due to 
rapid fault clearance by valve blocking, and usually the insulator length is determined more by 
pollution than by overvoltages. 

Line voltage, or conductor surface voltage gradient and polarity 

In case of DC lines, the choice of the line voltage is influenced not only by economic reasons 
but also by the layout of the converter stations and valves. Although there is no 
standardization of this voltage, DC lines at present in service usually operate between 
± 200 kV and ± 800 kV. However, in the near future, the voltage level will be raised 
considerably. The voltage of any high voltage line has a most important influence on the 
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generation of radio noise. This influence depends on the surface stress, or gradient, of the 
conductors. If, for an AC line, a gradient of E kV/cm RMS is used, the comparable gradient for 
a DC line would then be 2  E kV/cm. The DC line will, however, produce a lower noise level 
than the AC line. 

Disregarding the effects of ionization and space charge, the theoretical gradient can be 
calculated as for AC lines (Clause 5) and this value is also used for radio noise calculations. 
The influence of this gradient on the radio noise level was investigated on several test lines 
and the results show that over the range 20 kV/cm to 27 kV/cm, the radio noise level 
increases at approximately 1,6 dB for each 1 kV/cm increment and above about 27 kV/cm, the 
noise level increases at lower rate. 

8.5.2 Conductor surface conditions 

Research has shown considerably more fair weather radio noise sources on DC lines 
compared to AC lines. The predominant sources of corona were dead insects. They were 
mostly mosquitoes in the summer and then fruit flies in the fall. There were many more on the 
positive pole than on the negative pole. The positive pole, which consisted of a 6 conductor 
bundle, was observed to have up to 60 dead insects per meter during the late summer, while 
the negative pole conductors were essentially free of corona sources. During the late fall and 
winter months, these sources were burned off or washed off until even the positive pole was 
clean by late winter. At this time, the fair weather corona was low. In late spring and summer, 
the pattern of conductor corona sources repeated with corona increasing up to high levels. 

8.5.3 Conductor surface gradient 

One of the most important quantities in determining the radio interference level of a line, 
especially when conductor corona is dominant, is the strength of the electric field in the air at 
the surface of the conductor or surface voltage gradient. 

In general, predictive equations or analysis procedures for radio noise performance utilize the 
maximum conductor surface gradient as a prime parameter for estimating radio noise levels 
on DC and AC transmission lines. This variable is generally calculated from the physical 
geometry of the system and the system voltages in charge-free conditions. Incidentally there 
is an equation which employs a maximum conductor surface gradient considering space 
charge near a line as described in Table A.5 of CISPR TR 18-3:__7 [59]. 

The conductor surface gradient calculated for charge-free conditions is a sensitive parameter 
for prediction of the radio noise on AC lines. This is less so for DC lines. For example, on a 
conductor energized with AC, a change in operating voltage level of +10 % results in a 
change in radio noise of 5 dB or more for fair weather; in contrast, a change in the DC 
operating voltage level of +10 % for practical line designs results in a change in radio noise of 
3,5 dB. 

In general, the critical gradient for an ideal conductor, at which corona discharges occur, is 
29,4 kV/cm at standard atmosphere conditions. However, surface imperfections including 
stranding, nicks and scratches, bird droppings, insects, air-dust debris and water droplets 
mean the critical gradient is in practice lower than this. Typically, for DC lines under field 
conditions, the critical gradient is about 14 kV/cm. 

The influence of conductor surface gradient on the radio interference level was investigated 
on several test lines and the results show that over the range 20 kV/cm to 27 kV/cm the radio 
interference level increases at approximately 1,6 dB for each 1 kV/cm increment. 

_______________ 

7  Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017. 
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8.5.4 Polarity 

The positive pole of a bipolar HVDC line produces the greatest amount of radio noise to the 
extent that radio noise generation from the negative pole can be ignored. Therefore,  
generation of radio frequency interference is limited to specific conductors, unlike AC lines 
where all conductors are involved. Studies using conductor cages have shown radio noise 
generation from negative polarity conductors to be far below generation from positive polarity 
conductors. For example, at a gradient of 25 kV/cm, test results have shown a difference of 
about 27 dB at 1 MHz. Positive polarity produces more radio noise than negative polarity 
because of fundamental differences in the corona processes. On positive polarity conductors, 
current pulses caused by corona have higher magnitude and longer decay times than on 
negative polarity. This results in corona on positive polarity conductors affecting radio 
reception in the frequency range 150 kHz to 1,606 5 MHz more than corona on negative 
polarity conductors. Additionally, in certain climates, airborne surface contaminants were 
found in much greater proportion on the positive pole, causing higher radio noise generation. 

8.5.5 Weather conditions 

It is well known that the radio noise level from AC lines is significantly influenced by the 
weather conditions. Between fair weather and heavy rainfall, this level may increase by up to 
25 dB but in the case of DC lines the noise level actually reduces in rain. 

Thus the highest radio noise level of a DC line normally occurs under conditions of fair 
weather. At the beginning of rainfall and for dry snow precipitation, this level may rise for a 
short time but when the conductors are fully wet it will decrease by up to 10 dB and in some 
cases even more. The level may also be influenced by the line configuration and the voltage 
gradient and the above remarks apply to bipolar and to positive monopolar lines. However, 
the 80 %/80 % criteria, discussed in 4.3 of CISPR TR 18-2:__8, are still valid. 

As an explanation of this difference in behaviour, when compared with AC lines, various 
hypotheses could be given, but they still have to be proven and further investigations are 
necessary. 

Another area where the performance of DC lines differs from AC lines is the influence of wind. 
Some investigations have indicated that for a wind direction from the negative to the positive 
conductor, the radio noise level increases with wind speeds above 3 m/s from 0,3 dB to 
0,5 dB for each 1 m/s increment. For a wind direction from the positive to the negative 
conductor this effect is significantly lower. 

Furthermore, the long-term radio noise level of a DC line is influenced by seasonal effects; in 
summer the level is normally higher than in winter by approximately 5 dB. This may be caused 
by insects and airborne particles on the conductor surface, or by the absolute humidity of the 
air.  

a) Fair/foul weather 

Results from laboratories, tests, and operating DC lines have shown that the highest levels of 
radio noise occur during fair, dry weather rather than wet weather as for AC lines. During wet 
weather many water drops appear on the conductors. Water drops are very effective corona 
sources, because in an electric field they deform and become pointed, producing corona at 
electric fields much lower than the conductor surface electric field existing in corona-free 
conditions. The corona onset electric field of a conductor with water drops is estimated to be 
in the 6 kV/cm to 10 kV/cm range, while the corona-free conductor surface electric field of 
practical HVDC lines is in the 15 kV/cm to 25 kV/cm range. Consequently, ionization of air 
near the surface of DC line conductors in wet weather is very intense and a significant amount 
of space charge is produced. This space charge increases corona loss and air ions, but also 
has the effect of producing a fairly uniform ion cloud around the conductors and of 
maintaining the actual conductor surface electric field at the relative low value of the water 
_______________ 

8 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017. 
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drop corona onset field. In these conditions, corona from water drops is not highly impulsive 
and noisy as the corona from sources in most fair weather conditions, but is more of a glow. 
Glow corona corresponds to a steady, noiseless charge emission from conductors into space. 
These phenomena do not occur for AC lines, because the polarity of the electric field near the 
conductor surface changes with the nominal power frequency of 50 Hz resp. 60 Hz, 
preventing the formation of a uniform ion cloud of the same polarity. Consequently, radio 
noise generation on DC lines is less during wet weather than in dry weather. It should be 
noted that there are exceptions to the rule that the highest radio noise levels occur during fair 
weather. Light snow, for instance, can produce slightly higher radio noise levels than dry 
weather. 

Thus the highest radio interference level of a DC line normally occurs under conditions of fair 
weather. At the beginning of rainfall and for dry snow precipitation, this level may rise for a 
short time but when the conductors are fully wet it will decrease by up to 10 dB and in some 
cases even more. The level may also be influenced by the line configuration and the voltage 
gradient and these remarks apply to bipolar and to positive monopolar lines. However, the 
80 %/80 % criteria are still valid. 

b) Rain washing 

For AC and DC, the major effect of rain is to wash contaminants off the conductor surface. 
Because of space charge effects on DC lines, washing by rain can affect the AC and DC fair 
weather radio noise differently. If the pre-rain radio noise level on DC conductors was a result 
of the activity of many radio noise sources close together with attendant space charge 
production which can lower the radio noise level by formation of an effectively larger diameter 
conductor, then the radio noise level after washing on DC conductors could be higher than 
before. In contrast, rain washing always reduces the fair weather radio noise level on AC lines. 

c) Wind 

Another area where the performance of DC lines differs from AC lines is the influence of wind. 
The influence of wind on the HVDC line may be notable. For a wind direction from the 
negative to the positive conductor, the radio interference level increases with wind speeds 
over 3 m/s by 0,3 dB to 0,5 dB for each 1 m/s increment. For a wind direction from the 
positive to the negative conductor, this effect is significantly lower. 

d) Seasonal effects 

Furthermore, the long-term radio interference level of a DC line is influenced by seasonal 
effects; in summer the level is normally higher than in winter by approximately 5 dB. This may 
be caused by insects and airborne particles on the conductor surface, or by the absolute 
humidity of the air. 

8.5.6 Subjective effects 

Investigations have shown that for DC lines, a lower signal-to-noise ratio (SNR) may be 
acceptable than for AC lines given in 4.3 of CISPR TR 18-2:__9. For a particular reading on a 
CISPR measuring receiver, the subjective annoyance of a DC line could be less than for an 
AC line by as much as 10 dB. 

8.6 Calculation of the radio noise level due to conductor corona 

The radio noise level of AC lines, due to conductor corona, can be calculated by using 
analytical methods or experimental equations. Both are based on the results of many 
measured values derived from test lines, test cages and operational lines. In the case of DC 
lines, experience is relatively scanty, the data coming almost entirely from test facilities. 

_______________ 

9 Under preparation. Stage at the time of publication: CISPR/RPUB 18-2:2017. 
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The analytical methods that can be applied to DC lines are similar, in principle, to those 
described in Clause 5 for AC lines. Obviously, in this case, use shall be made of the 
excitation function results (see 5.2) for measurements on DC test lines or cages, and account 
should be taken of the propagation characteristics of DC lines. 

Empirical equations for the calculation of the radio noise level for DC lines, which is different 
from the noise level for AC lines, have evolved. Based on extensive measurements on lines 
[55], with various configurations, the following equation is suggested for a bipolar line: 

E = 38 + 1,6 (gmax – 24) + 46 lg r + 5 lg n + 

+ ∆Ef + 33 lg 
D
20  + ∆Ew    in dB(mV/m) 

where 

E is the level of the radio noise field strength in dB(mV/m); 
gmax is the maximum surface gradient of the line, in kV/cm; 
r is the radius of conductor or subconductor, in cm; 
n is the number of subconductors; 
D is the direct distance between antenna and nearest conductor, in m; 

∆Ew is the correction for different weather condition, in dB; 

∆Ef  is the correction for different measurement frequency, in dB (see below). 

The value gmax is calculated as for AC lines. The first line of the equation gives the level for 
the CISPR reference frequency of 0,5 MHz and for the CISPR position, i.e. at a direct 

distance of 20 m from the nearest conductor in fair weather, when ∆Ef, lg 
D
20  and ∆Ew are all 

zero. 

The above equation is basically intended to be used for bipolar lines. It can also be used for 
positive monopolar lines if the correct conductor voltage gradient is applied. For the same 
applied pole voltage, the noise will be lower than on the bipolar line by 3 dB to 6 dB. 
Regarding bipolar transmission lines, built as two separate monopolar lines, the monopolar 
character will dominate if the pole distance is greater than about 20 m. 

Measurements have shown that the rate of lateral attenuation for DC lines is similar to that for 

AC lines. Over the frequency range 0,4 MHz to 1,6 MHz and for a distance of around 
fπ2

300
 m, 

where f is to be taken as the numerical value of the frequency, in MHz, the following 
approximate equation will give satisfactory results: 

 
65,1

2

1

1

2








=

D
D

E
E

 

where 
E2 and E1  are the noise field strength values at the direct distances D2 and D1, respectively;   

and 

E1 and D1  are the reference values. 

For the direct distance D0 of 20 m from the nearest conductor and using logarithmic terms, 
this equation may also be written as: 
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2
12

20lg33
D

EE +=  

The distance expression 
2

20lg33
D

 is an approximation which tends to give a low correction up 

to about 100 m and high correction beyond this distance. 

A considerable variation in the measured results of the frequency spectrum at different 
locations has so far been obtained, particularly at low frequencies. However, the frequency 
spectrum shown in Figure B.14 and discussed in 4.3.2, which is valid for AC lines, seems also 
to constitute a good average relationship for DC lines and it is, therefore, suggested that this 
spectrum be used until more reliable material is available. The correction according to this 
spectrum can be written: 

∆Ef = 5 (1 – 2(lg 10 f )2)   in dB 

where f is the numerical value of the measurement frequency, in MHz. 

This expression can be used from 0,15 MHz up to about 3 MHz. 

For a negative monopolar line, the radio noise level from the pole conductor itself is normally 
low but, if an earth wire is used, the earth wire will act as a positive conductor and the noise 
level can be calculated as above. 

8.7 Radio noise due to insulators, hardware and substation equipment 

There is a lack of information concerning the radio noise level produced by insulators, 
hardware and substation equipment. Available experience indicates, however, that there will 
be no significant difference from the equivalent level of AC lines given in Clause 7. 

Under dry weather conditions, the radio noise level produced by conductor corona may 
dominate for the higher voltage gradients. However, the radio noise level of a DC line 
conductor decreases when the conductor is wetted, and this is in contrast to the level 
produced by the line insulators, as the leakage current on these insulators is determined by 
the ohmic resistance of the pollution. From service experience it is known that, even in 
districts with a relatively low level of industrial pollution, the surface of DC insulators becomes 
polluted in a relatively short time. When this polluted surface becomes wet, partial discharges 
occur which may cause a relatively high increase in the radio noise level. Hence it is possible 
that the difference found in the reduction of the noise level from DC lines, under some 
conditions (see under weather conditions, above), may be influenced by the behaviour of the 
polluted insulators. For confirmation of this assumption, more information is necessary. 

8.8 Valve firing effects 

As well as overhead lines, underground cables and substations, high voltage DC transmission 
systems include converter stations with their valve equipment. These valves can generate 
radio noise by their special operational performance, as they are acting as very fast switches. 

There are two types of converters, line commutated converter and self commutated converter. 
The line commutated converter consists of thyristor valves and associated circuits [62], and 
has been used from 1970 to today. The self commutated converter appeared around 2000 
and is now rapidly expanding its application fields. This converter consists of a voltage 
sourced converter (VSC) and associated circuits. The semiconductor type presently used for 
VSC is IGBT, but other new types of power semiconductor devices may appear in the future. 

Although the power circuit structure (topology) of VSC can be arranged in a number of 
different ways, two different types can be identified today. In one type, each valve acts as a 
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single controllable switch. In another type, the valves act as controllable a voltage source. 
These two types of VSC have different technical characteristics. 

A line commutated converter group and a VSC with valves of switch type normally comprises 
six valves fired cyclically at the power frequency and a complete converter installation may be 
made up of several such converters. Each time a valve is fired, the voltage across it collapses 
and a wide spectrum of radio noise is generated extending from very low frequencies to a few 
megahertz depending on the physical dimensions of the connections. Because of lumped and 
distributed capacitances and inductances in the associated connections and equipment, local 
loops may resonate and this will produce peaks at certain frequencies. A VSC with valves of 
the controllable voltage source type also comprises six valves which cyclically produce 
different voltages. The voltage step generated when the valve is fired is usually smaller than 
that of valves of switch type. 

This radio noise may be emitted directly from the valves and associated equipment 
comprising, in this instance, mainly the feeders and the busbars of the converter station. 
These busbars will often be of considerable length and well able to act as efficient radiators. 
The converter will be, of course, connected to incoming and outgoing AC and DC circuits and 
these may both be of overhead line construction. The radio noise will be guided and emitted 
from such overhead lines. 

With any suppression measures, the radio noise level could be intolerable and it is, therefore, 
necessary to reduce this level to an acceptable value. This can be achieved by different 
methods which depend on the valve type and the technical installation of the substation. 

The technical layout of converters requires a hall which protects the valves against 
environmental influences and makes it possible to keep temperature, humidity and dust limits 
within a specified range. By electromagnetic screening of these halls, the radio noise level 
outside can be reduced considerably. Using solid metal sheets or wire mesh, an attenuation 
value of 40 dB to 50 dB for frequencies between 0,15 MHz and 5 MHz is possible. To reduce 
the noise passing through the valve hall bushings, filters should be installed in all outgoing 
lines and the filtering of the DC lines shall be especially effective. The converter transformers, 
between the valve group and the AC lines, and the filter circuits on the AC side, may reduce 
the possible conduction of radio noise from the converter station to these AC lines. 

Thyristors composing thyristor valves, when fired, may have a voltage collapse time of about 
1 µs to 4 µs. IGBTs composing VSC valves may have a voltage collapse time of 0,5 µs to 2 µs. 
Caused by this difference, VSCs with valves of switch type may generate more severe noise 
than thyristor converters. 

A possible solution for reducing direct radiation from a valve is the installation of the thyristor 
valve within a steel tank which acts as an effective screen. Care should be taken that the tank 
does not radiate as a dipole or resonator. 

The further development of high voltage DC converter stations will tend towards more 
compact layouts with shorter connections between valve groups, converter transformers and 
substations. This will have a favourable influence on the reduction of radio noise from 
converter stations. 

Generally, it is possible to reduce the radio noise produced by converter valves and their 
auxiliaries to an acceptable level. The costs of such a reduction largely depend on the valve 
type and the converter station design. 
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9 Figures 
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Figure 1 – Typical lateral attenuation curves for high voltage lines, normalized 
to a lateral distance of y0 = 15 m, distance in linear scale 
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Figure 2 – Typical lateral attenuation curves for high voltage lines, normalized 
to a direct distance of D0 = 20 m, distance in logarithmic scale 
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SOURCE: The diagram is drawn from the report: L. Paris, M. Sforzini: L'isolamento delle linee a 370 kV: criteri di 
progetto dedotti da una serie di prove comparative. Rendiconti della LXV Riunione Annuale dell'AEI, Palermo, 1964 
[58]. 

Figure 7 – Equipotential lines for clean and dry insulation units 
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E(x) = vertical component of the electric field strength = 120 pH(x) 

Pg = depth of penetration = 
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r = resistivity of soil (Ω ⋅ m) 
f = frequency (Hz) 

mo = magnetic permeability of the air = 4p × 10–7 H/m 
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Figure 8 – Determination of the magnetic field strength from a 
perpendicular to a section of a line, at a distance x from 

the point of injection of noise current I 
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Figure 9 – Longitudinal noise attenuation versus distance from noise source 
(from test results of various experiments frequencies around 0,5 MHz) 
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(Zero-span measurement, Center frequency: 560,08 MHz, RBW:1 MHz, VBW: 1 MHz,  
Arrows show gap-type discharges)  

SOURCE: K. Miyajima, A proposal of evaluation method for immunity of digital terrestrial broadcasting against 
pulsed electromagnetic noise, CRIEPI, H12009, Mar. 2013 (only available in Japanese) 

Figure 11 – Impulsive radio-noise train of gap-type discharges 
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Figure 12 – Example of relative strength of radio noise field 
as a function of frequency below 1 GHz using QP detector 
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SOURCE: K. Miyajima, Characteristics of Spark Discharge on Faulty Insulation of 6.6 kV Distribution Lines – A 
Proposal of Evaluation Method for Low Frequency Pulsed Electromagnetic Interference, CRIEPI, H11013, Mar. 
2012 (only available in Japanese) 

Figure 13 – Example of relative strength of radio noise field due to gap discharge  
as a function of frequency 200 MHz to 3 GHz using peak detector  
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Figure 14 – Example of relative strength of radio noise field 
as a function of the distance from the line 
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SOURCE: Jian Tang, Rong Zeng, Hongbin Ma, Jinliang He, Jie Zhao, Xiaolin Li, and Qi Wang, Analysis of 
Electromagnetic Interference on DC Line From Parallel AC Line in Close Proximity, IEEE Transactions on Power 
Delivery, Vol.22, No.4, October 2007 

Figure 15 – Unipolar and bipolar space charge regions of a HVDC transmission line  

 

 

Figure 16 – The corona current and radio interference field 
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Annex A 
(informative) 

 
Calculation of the voltage gradient at the surface 

of a conductor of an overhead line 

Various methods are available for the calculation of the voltage gradient at the surface of a 
conductor of an overhead line. All these methods give very similar results for both non-bundle 
conductors and symmetrical bundles consisting of a small number of subconductors; up to 
three or four. For bundles with a greater number of subconductors and for asymmetrical 
bundles the most suitable methods are those based on the principle of successive images 
[63]. With the advent of the digital computer, extensive use is now made of calculation 
programs based on these methods. For the majority of line configurations, that is where the 
height of the conductors above ground and the spacing between phases or poles is large 
compared with the conductor diameter or bundle dimensions and the subconductor spacing is 
large compared with the subconductor diameter, a single-image method can be used. 

A further approximation to this approach is to calculate the charge on each conductor or 
subconductor, adopting the Maxwell potential coefficient method, and then to compute the 
voltage gradient at the surface of the conductor or subconductor considering only the charge 
on the conductor under consideration. In the case of a conductor bundle, it may be 
represented by an equivalent single conductor which has the same capacitance as the bundle. 
For single conductors and symmetrical bundles with a small number of subconductors, very 
simple equations can be used for the determination of the voltage gradient from the charge. 

The average gradient, gav, is obtained by applying Gauss' theorem, from which the electric 
field strength at the surface of a conductor is equal to the surface charge density σ divided by 
the permittivity εo: 

 
dn

qg
π

==
oo

av εε
σ  (A.1) 

where 

q  is the surface charge per unit length; 
n  is the number of subconductors in the bundle; 
d  is the diameter of subconductor, in cm; 

εo = 9103
1
×π

, is the permittivity of free space, in F/m. 

In the case of a single phase line with earth return or a monopolar DC line, the calculation of 
the charge q as a function of the applied voltage U is very simple since the capacitance per 
unit length C is given by: 

eq

o
2ln

2

r
h

C
eπ

=  

where 

h is the height of the conductor above ground in cm. Usually an average height is used 
and it is found by taking the conductor height at the tower, or the mean of the heights 
at the two towers of the span if the heights differ, and subtracting 2/3 of the sag at the 
lowest point of the conductor; 

req  is the radius of conductor or radius of bundle equivalent conductor in cm; 
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req  = 
2
d  in the case of a single conductor; 

req  = n
b

ndb
2

 in the case of a conductor bundle; 

where b is the pitch-circle diameter of the subconductors. 

Then 

 

eq
oo

av 2ln
2 r

hnd
U

nd
CU

nd
qg =

π
=

π
=

ee  (A.2) 

To obtain gav in kV/cm, U shall be expressed in kV and, in the case of AC lines, RMS values 
are usually used. 

In the general case of multiphase lines or multipole DC lines, the calculation of the charges 
on each conductor or bundle requires the solution of the following set of equations: 

 [p] × [q] = [U] (A.3) 

where [q] and [U] are the one-column matrices of charges and voltages on the conductors or 
bundles and [p] is the square matrix of the potential coefficient of multiconductor configuration: 

eqi

i

o
ii

2
ln

2
1

r
h

p
ep

=  

ij

ij

o
ij ln

2
1

D
D

p
′

p
=

ε
 

where 
Dij  is the distance between conductors or bundles i and j; 

D′ij  is the distance between conductor or bundle i and ground image of conductor or bundle 
j. 

As regards the matrix of voltages, the following elements are to be considered for the 
following practical cases: 

a) Single-circuit three-phase lines 

 [ ]













=
















=

11U

3U
2U

2a
aUU  with 3

2
1

2
1 ja +−=  (A.4) 

where U is the modulus of the phase-to-earth voltage of the line. The above matrix refers to 
lines without an earth wire or wires. To take into account the presence of earth wires, the 
voltages, which are equal to zero on these wires, have to be inserted into the voltage matrix. 
The order of the matrix is increased but this does not present a great problem in the solution 
of the Equations (A.3). However, it is possible, by dividing the matrix of potential coefficients 
into submatrices relating to phase conductors and earth wires and coupling matrices, to 
reduce the matrix order to that for a line without earth wires. The presence of the earth wires 
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increases the voltage gradient at the conductors but, with usual configurations, this increase 
is relatively small: 1 % to 3 %. 

b) Multi-circuit three-phase lines 

In this case the voltage matrix [U] includes a series of elements which takes into account all 
the phase conductors or bundles and, when present, the earth wires of the line. As an 
example, the voltage matrix of a double-circuit three-phase line with two earth wires is an 
eight-order column matrix. The corresponding potential coefficient matrix is an eight-order 
square matrix, the inversion of which requires the use of a suitable computer. However, a 
sufficient range of computer capabilities now exists for the calculation of the voltage gradient 
of any type of multi-circuit three-phase line. 

It should be noted that the relative positions of the corresponding phases in the different 
circuits affect the charges on the conductors and it is important to take them into account 
when calculating the gradients of a multi-circuit line. For example, the flat formations of two 
circuits defined by 1, a, a2 and 1, a, a2 will result in higher gradients that the configuration 
1, a, a2 and a2, a, 1. 

c) Bipolar DC lines 

 [ ] 




−=








= 1

1
1

2
U

U
UU  (A.5) 

where  
U  is the value of the pole-to-earth voltage. 

The presence of earth wires can be taken into account in the same way as for AC three-phase 
lines. 

The voltage gradient derived from Equation (A.1) is an average value gav around the 
circumference of the conductor or subconductor, in as much as it is calculated on the basis of 
the average charge density on the conductor: 

 







π

=
dn

qσ  (A.6) 

For single conductors, this charge density can be considered uniform around the 
circumference and, therefore, the gradient is assumed to be constant. For the subconductors 
in a bundle, the charge density is not uniform, due to the mutual shielding effect of the 
subconductors, the charge density and consequently the gradient, is larger towards the 
exterior and smaller towards the interior of the bundle. 

A simplified approach to obtain the variation of this gradient around the circumference is 
given by the following equation: 

 
( )







 −
+=θ θcos11av b

dngg  (A.7) 

where θ  is the angle between: 
– the radius from the centre of a subconductor to a chosen point on the surface of the 

subconductor; 
– the line passing through the centre of the bundle and the point where the maximum 

gradient occurs on the same subconductor. 
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In particular, the maximum gradient gmax is given by: 

 
( )







 −
+=

b
dngg 11avmax   (A.8) 
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Annex B 
(informative) 

 
Catalogue of profiles of radio noise field due 

to conductor corona for certain types of power line 

Table B.1 lists profiles of power lines and gives references to further sources of information. 
The appearance of a given line in the catalogue does not purport that this line generates an 
acceptable radio noise level. 

Table B.1 – List of profiles 

(These profiles refer to the middle of the spans and the levels 
are related to the voltage given at the top of each figure) 

  Figures Origin 

I. 225 kV lines 

Triangular formation of conductors 

Flat formation 

Arched formation 

Flat (wide formation) 

B.1 

B.2 

B.3 

B.4 

B.5 

 

 

Ref. [8] 

II. 345 kV lines 

Vertical formation of double circuit 

 

B.6 

 

 

III. 362 kV lines 

Flat formation 

 

B.7 

 

Ref. [35, 39] 

IV. 380 kV lines 

Flat formation 

Arched formation 

 

B.8 

B.9 

 

Ref. [8] 

Ref. [8] 

V. 525 kV lines 

Flat formation 

 

B.10 

 

Ref. [35, 39] 

VI. 750 kV lines 

Arched formation 

 

B.11 

 

Ref. [8] 

VII. 765 kV lines 

Flat formation 

 

B.12 

 

Ref. [35, 39] 

VIII. 765 kV lines 

Vertical formation of double circuit 

 

B.13 

 

Ref. [56] 

 
Corrections: 

I. Frequency B.14 Ref. [8] 

II. Weather categories B.15 Ref. [8] 
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Figure B.1 – Triangular formation (1) 
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225 kV line 
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h average 15 m 
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Figure B.2 – Triangular formation (2) 
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225 kV line 

Frequency 0,5 MHz Conductors Maximum gradients 

h average 15 m 
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Figure B.3 – Flat formation 
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Figure B.4 – Arched formation 
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Figure B.5 – Flat wide formation 
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Figure B.6 – Vertical formation (480 (Rail) X 4B) 
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