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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES

AN = =

Part 2: Methods of measurement
and procedure for determining limits

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for §tandardization comprisi
all national electrotechnical committees (IEC National Committees). The object* of IEC is to promg
international co-operation on all questions concerning standardization in the elgctrical and electronic fields.
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatioj

Technical Reports, Publicly Available Specifications (PAS) and Guides “thereafter referred to as “lf

Publication(s)”). Their preparation is entrusted to technical committees; anyylEC National Committee interest
in the subject dealt with may participate in this preparatory work{nternational, governmental and nd
governmental organizations liaising with the IEC also participate in{this preparation. IEC collaborates clos
with the International Organization for Standardization (ISO) in{accordance with conditions determined
agreement between the two organizations.

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

IEC Publications have the form of recommendationsifor international use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity; IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent\possible in their national and regional publications. Any divergen

between any IEC Publication and thelcorresponding national or regional publication shall be clearly indicated]i

the latter.

IEC itself does not provide any-attestation of conformity. Independent certification bodies provide conformf

assessment services and, jn\some areas, access to IEC marks of conformity. IEC is not responsible for a
services carried out by independent certification bodies.

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

No liability shall attach™to IEC or its directors, employees, servants or agents including individual experts a
members of its fechnical committees and IEC National Committees for any personal injury, property damage
other damage”pfvany nature whatsoever, whether direct or indirect, or for costs (including legal fees) a

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IE

Publicatiofis.

Attention-is drawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.
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Attention is drawn to the pOSS|b|I|ty that some of the elements of this IEC Publication may be the subject
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

CISPR 18-2, which is a technical report, has been prepared by CISPR subcommittee B:
Interference relating to industrial, scientific and medical radio-frequency apparatus, to other
(heavy) industrial equipment, to overhead power lines, to high voltage equipment and to
electric traction.

This 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;

b) measurement method for radiated disturbances in the frequency range from 300 MHz to 3
GHz.

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

DTR Report on voting
CIS/B/654/DTR CIS/B/675/RVDTR

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

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

Allist of all parts of the CISPR 18 series can be found, underthe general title Radio
interference characteristics of overhead power lines and high-voltage’equipment, on the IHC
website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site underl/http://webstore.iec.ch" in the dafta
refated to the specific publication. At this date, the publication will be

* | reconfirmed,

e | withdrawn,

* | replaced by a revised edition, or
* | amended.

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

that it contains colours which are considered to be useful for the corre
understanding of its-contents. Users should therefore print this document using
colour printer.

II}\lPORTANT — The 'colour-inside' logo on the cover page of this publication indicatti[
t
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INTRODUCTION

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

The recommendations given in this Part 2 of the CISPR 18 series are intended to be a useful

ale—+o S VO ra ra o010 acPov oG jv, atio att—a

anyone concerned with checking the radio noise performance of a line to ensure satisfactory
protection of radio reception. Information on the physical phenomena involved Cin" the

a [Code of Practice for minimizing the generation of radio noise.

This third edition of CISPR TR 18-2 is adapted to the modern structure and content fof
technical reports issued by IEC. The second edition of CISPR TR 18-2{underwent thorough
edition and adaptation to modern terminology. This third edition nowcalso covers an adequaEe
mgethod of measurement for radiated disturbances from HV everhead power lines and
sybstations in the range 300 MHz to 3 GHz, since gap-type discharges can be a potentfal
ngise source disturbing modern digital radio communication. However, because

1) there is not sufficient experience and information 4egarding gap-type noise and thys
further investigations regarding noise characteristics and how gap noise disturbs digifal
radio communication are necessary,

2) gap noise is not persistent in normal operation‘of the electric power facility and tends [to
emerge from defective components,

there is no discussion in this edition regarding technical considerations for derivation of limits
in[the frequency range 300 MHz to 3 GHz:

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

The main content of this-technical report is based on historical CISPR Rec. No. 56 given
below:

RECOMMENDATION No. 56

METHODS OF MEASUREMENT OF RADIO INTERFERENCE CAUSED BY
OVERHEAD POWER LINES AND HIGH-VOLTAGE EQUIPMENT AND
THE PROCEDURE FOR DETERMINING LIMITS

The CISPR

CONSIDERING

a) that a general description of the radio interference characteristics of overhead power lines
and high-voltage equipment has been published in CISPR 18-1,

b) that the methods of measurement of these characteristics need to be established,

c) that national authorities require guidance on the procedure for determining limits of such
radio interference.
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RECOMMENDS

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

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

In| CISPR TR 18-2, methods of measurement and procedures for determining limits of,su¢h
radio interference are recommended.

The methods of measurement in CISPR TR 18-2 detail the techniques and procedures for use
when measuring electromagnetic fields arising from radio interference at sites close [o
oVerhead lines and also the techniques and procedures for making laboratory-measuremerits
oflinterference voltages and currents generated by line equipment and accessories.

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

O
1

This corridor takes into account the effective field strength ofithe wanted signal, the signal-t
ngise ratio selected and the expected strength of the noise)field for a given line.

The procedures are only valid for long and medium waves because procedures applicable [to
VHF analogue television broadcasting and digital terrestrial television broadcasting have njot
ydt been decided, due to insufficient knowledge,

It is emphasized that this part of CISPR 18-.does not specify a single set of limits to be appli¢d
infernationally. Rather it details the procé€dures to enable national authorities to specify limits
where it is decided that there is a need-for regulations.
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This part of CISPR 18, which is a Technical Report, applies to radio noise from"overhead
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The frequency range covered by this publication is 0,15 MHz to 3 GHz.
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The clause on limits concentrates on the low frequency and\medium frequency bands and it

on
e
bd
ZF:
le
s(

The values of limits given as examples are calculated to provide a reasonable degree
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RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

Part 2: Methods of measurement
and procedure for determining limits

Scope

wer lines and high-voltage equipment which may cause interference to radio reception.

general procedure for establishing the limits of the radio noise_field from the power lin
d equipment is recommended, together with typical values as‘examples, and methods
pasurement.

ly in these bands where ample evidence, based on)established practice, is available. N
amples of limits to protect radio reception in the‘frequency band 30 MHz to 3 GHz ha

b'S
of

is
lo
e

ve not yet been fully resolved. Site measurements and service experience have shown th
vels of noise from power lines at frequencieshigher than 300 MHz in normal operation a
low that interference is unlikely to be caused to television reception.

otection to the reception of broadeasting at the boundary of the recognized service areas
e appropriate transmitters in the radio frequency bands used for a.m. radio broadcasting,

en given, as measuring methods and certain other aspects of the problems in this barEd

t
e

of
of
in

provide guidance at thevplanning stage of the line and national standards or oth
ecifications against which/the performance of the line may be checked after constructi
d during its useful life,

mply with the‘tespective CISPR specifications, as e.g. the basic standards series CISPR
e [1].

Normative references

e least favourable conditions likely to be generally encountered. These limits are intend}d

r
n

61

T

IE

€ following documents are referred 1o in the text In such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

C 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 16

Electromagnetic compatibility

IE

1

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

The figures in square brackets refer to the Bibliography.

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

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 Taorme-and definitionc
eSS anruda ucTITimtIUTTS

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

ISO and IEC maintain terminological databases for use in standardization.at ‘the followifng
addresses:

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

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

4| Measurements

41 Measuring instruments

1~

41.1 Response of a standard quasi-peak CISPR.measuring receiver to AC generate(
corona noise

CISPR 16-1-1 specifies the response charagteristic of a measuring receiver to periodically
rejpeated pulses, according to their repetition frequency, for a number of different frequengy
rahges and bandwidths including the range 0,15 MHz to 30 MHz and a resolution bandwidth
of|l9 kHz.

Figure 1 indicates the form these‘\pulses take as they progress through the various stages [of
the measuring receiver. However, in the special case of corona pulses generated by high-
vqgltage AC power systems;~the individual pulses are not equally spaced throughout a cydle
byt occur in closely packed,groups or bursts around the peak of the voltage waveform. A bunst
has a duration not exceeding 2 ms to 3 ms and this is followed by a quiescent no-corona
pgriod.

Owing to its inherent time constants, a standard quasi-peak CISPR measuring receiver |is
unable to respond to individual pulses within a burst, which is seen as a single pulse whose
amplitudeds)discussed below.

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

Figure 2 indicates the usual case where individual corona pulses generated around the
positive peaks of the voltage waveform are much greater in amplitude than those generated
around the negative peaks. Hence in a three-phase power line there are three bursts of higher
amplitude and three burst of lower amplitude noise during each period of 1/f.

Also, in the measurement of the radio noise field strength in close vicinity of an operational
line, the antenna of the measuring receiver is not located at the same distance from all the
phase conductors. Because a quasi-peak detector responds only to the higher amplitude
bursts and disregards the lower ones, rules of summation of the radio noise generated by the
individual phases of a line can be formulated which are specific to the CISPR characteristics
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and are given in Clause 4 of CISPR TR 18-3:__ 2. It should be noted that the loudspeaker of a
radio receiver, and consequently the listener, perceives the overall generated noise.

To examine the response of the CISPR measuring receiver to a given burst of pulses, it
should be borne in mind that each individual pulse becomes, at the output of the amplifier of
Figure 1 of pass-band Af, a damped oscillation whose duration can be taken as approximately
2/RBW (i.e. 0,5 times its IF amplifier resolution bandwidth), or 0,22 ms for 9 kHz. When there
are a large number of pulses distributed at random within a burst, the resulting oscillations will
overlap randomly and the overall quasi-peak signal will be approximately equal to the
quadratic sum of the individual quasi-peak values. This statement, which is difficult to prove
mpthematically, has been well proven by experience and justifies the use, in quasi-peak
detection, of the quadratic summation law which would moreover be rigorous if the 'noise
lejels were expressed in RMS values.

4.N.2 Other measuring instruments

Measuring instruments differing from standard CISPR instruments are refetred to in Annex|A
although measuring instruments having detectors other than quasi-peak are also referred tofin
C|ISPR 16-1-1.

42 On-site measurements on HV overhead power lines
421 General

Op-site measurements in the vicinity of HV overhead.pewer lines should be carried out |in
agcordance with the instructions given in this subclause:"Further information about a possible
agsessment and documentation of measured data is,found in 5.3.5 and 5.4.

2.2 Measurements in the frequency range 0,15 MHz to 30 MHz

2.2.1 Reference frequency

4 B~ B

e reference measurement frequency-is 0,5 MHz. It is recommended that measurements afe
pde at a frequency of 0,5 MHz £10" % but other frequencies, for example 1 MHz, may also
¢ used. The frequency of 0,5 MHz/(or 1 MHz) is preferred because, usually, the level of radio
gise at this part of the spectrum is representative of the higher levels and also because
b MHz lies between the low;'and medium frequency broadcast bands.

3

O > T

Bjcause of the possibility of error due to the presence of standing waves, it is inadvisable [to
refly on the measured-Value of the radio noise field strength at a single frequency but to drgw
a |mean curve through the results of a number of readings throughout the noise spectrum.
Measurementsshould be made at, or near, the following frequencies: 0,15 MHz, 0,25 MHz,
0,p MHz, 1,0oMHz, 1,5 MHz, 3,0 MHz, 6,0 MHz, 10,15 MHz and 30 MHz although, clearly,
frequenci€s_at which interference to the wanted noise is received, should be avoided.

4.2.2.2 Measurement antenna

The antenna used for the measurements shall be an electrically-screened vertical loop, whose
dimensions are such that the antenna will be completely enclosed by a square having a side
of 600 mm in length. The balance shall be such that in a uniform field the ratio between the
maximum and minimum indications on the measuring receiver when the antenna is rotated
shall not be less than 20 dB. The base of the loop should be about 2 m above ground. The
antenna shall be rotated around a vertical axis and the maximum indication noted. If the plane
of the loop is not effectively parallel to the direction of the power line, the orientation should
be stated.

2 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
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According to the ANSI/IEEE Standard 430 (1986) [4], the antenna height using measurement
vehicle is recommended as below:

If a vehicle-mounted antenna is used, the antenna should be at least 2 m above the roof of
the vehicle. The effects of vehicles on vehicle-mounted antennas have been found to be
negligible if this minimum height of 2 m is maintained; however, the vehicle and antenna
combination should be calibrated to confirm the antenna factors and to check for existence of
azimuthal asymmetries in the antenna pattern, as described in Section5 of
IEEE Standard 473 (1985) [5].

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

42.2.3 Selection of measurement points along the pathway of the overhead
HV power transmission line

T¢ determine the radio noise performance of a line, certain positions of measurement should
be avoided; but these restrictions would not apply when an investigation into a case [of
inferference is being carried out.

Measurements should be made at mid-span between the towers—and preferably at several
sych positions. Measurements should not be made near points-where lines change directipn
orlintersect.

SIes at an abnormal height of span should be avoided. The measuring site should be flat,
free from trees and bushes and remote from large metal structures and other overhead powgr
and telephone lines.

Ideally the measuring site should be at a distance greater than 10 km from a line terminatioln,
in| order to avoid reflection effects and consequently inaccurate results, but lower voltame
diptribution lines are sometimes too short to enable this condition to be met. However, the
results of measurement (see reference [6]) indicate that the level of the radio noise figld
strength in the absence of reflections corresponds to the geometric mean of the maximum a:l:d
mjnimum values, in microvolt .per metre (uV/m), of the frequency spectrum from a lipe
sybjected to reflections.

If [the line is transposed,.the measuring site should be located as far as possible from the
transposition towers,

The atmospheri¢conditions should be approximately uniform along the line. Measurements
under rain cofditions will be valid only if the rain extends over at least 10 km of the line ¢n
either side.efithe measuring site.

Annex B gives a list of such information.

4.2.2.4 Selection of measurement points lateral to the pathway of the overhead
HV power transmission line

Measurements are performed e.g. for determination of the lateral field strength profile of the
radio noise field generated by overhead HV power transmission lines. In these conditions, a
number of measurement points at mid-span in between two towers should be chosen along a
straight line departing perpendicular from the pathway of the overhead HV power transmission
line under test. The distances of measurement shall be taken laterally from the vertical
projection to ground of the outmost sub-conductor of the transmission line (reference point
(x,y,z), i.e. x = place along the line at mid-span where the measurements are made, y = 0 m
and z = 0 m corresponding to the vertical projection to ground of the outmost sub-conductor)
to the centre of the antenna used for the measurements. For determination of the overall
typical lateral field strength profile of the radio noise field of a given overhead HV power
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transmission line, it may be sufficient to consider lateral distances y in the range from 0 m to
200 m.

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

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

NQTE In the case of most conventional overhead HV power transmission lines¢dalready in operation, {
normalised versions of lateral profiles of the radio noise fields obtained in a dirett distance of 20 m from
nefarest conductor converge through the same indication level as those obtained"in the new lateral referenjce
digtance of 15 m, due to the usual height of the conductors above ground. Hewever, the direct distance of 20|m
used so far can prove impractical for prediction of the radio noise for trapnsmission lines utilising higher voltages
anld for which high towers can be used. In order to also allow for meaSurements at ground level also in these
conditions, the CISPR reference distance of 20 m taken directly from.the nearest sub-conductor of the line S
chipnged to a lateral distance of 15 m, see explanation above.

e
e

hen the profile of the radio noise field is plottedias a function of the distance using]|a
loparithmic scale, a substantially straight line is obtained. Under these conditions, the field fat
20 m (direct distance) or simultaneously 15 m.(lateral distance) is readily obtained by
inferpolation or extrapolation (see Figure 3).

The height of the axis of the lowest phase bundle of sub-conductors above ground should be
measured at mid-span and recorded inLthe test report.

Regarding the prediction formula-covered in CISPR TR 18-3, care should be taken whgn
cglculating the emissions since\it still refers to the direct distance.

.3 Measurements in'the frequency range from 30 MHz to 300 MHz

4,
4.2.3.1 Reference frequency
B

cause the frequency bands dedicated to television broadcasting vary in the countrig¢s
around the word, a single reference measurement frequency for interference in televisipn
brioadcast<{frequency bands cannot be fixed in the same way as done in the a.m. sound
brioadcasting frequency ranges. However, it is recommended that measurements are made [at
a frequency of 75 MHz but other frequencies, for example 150 MHz, may also be used. These
frequencies should be selected since the noise strongly affects the video signal [of
broadcasiing in the lower v.h.f. bands. The irequency of 75 MHz (or 150 MHZ) belongs to
these low v.h.f. broadcasting frequency bands.

4.2.3.2 Measurement antenna

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


https://standardsiso.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 - 15—

4.2.3.3 Selection of measurement points along the pathway of the overhead
HV power transmission line

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

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

Measurement results should be expressed in units of microvolts per metre (uV/m) or the
lopgarithmic equivalent (dBuV/m).

If [the line is transposed, the measuring site should be located as far as possible from the
transposition towers.

The atmospheric conditions should be approximately uniform along_the line. Measuremer])ts
under rain conditions will be valid only if the rain extends over at"least 10 km of the line ¢n
either side of the measuring site.

Annex B gives a list of such information.

4.4 Measurements in the frequency range from 300 MHz to 3 GHz
42.4.1 General

In| the frequency range from 300 MHz to 3.GkHz, a potential noise source disturbing modefn
digital radio communication might be the gap-type discharges that are described in Clause|7
off CISPR TR 18-1:__3; however, in ofder to facilitate the measurement method in this
frequency range, further investigations regarding noise characteristics and how gap noigse
dipturbs radio communication are necessary.

4.2.4.2 Measurement antenna, reference frequencies, and setting of measuring
instruments

The antenna used for the measurements shall be a passive antenna, for example a log-
pgriodic antenna. Under the transmission line, strong electric induction effects from the
pgwer-frequency toltage can provoke a malfunction of an active antenna. The log-periodic
antenna should 'be positioned about 3 m above ground. The antenna is to be rotated around|a
hgrizontal axis<and the maximum indication noted.

frequencies, for example 1 690 MHz, may also be used. These frequencies should be
sglected to protect service quality of digital terrestrial broadcast and other (mobile) radio
communication services.

It|is recommended that measurements are made at a frequency of 440 MHz but otr:fr

The above is a tentative recommendation until adequate information and experience is
obtained by further investigations in the future.

4.3 Statistical evaluation of the radio noise level of a line
When compliance with limits is required, it may be appropriate to use the statistical method

given below. Further information about a possible assessment and documentation of
measured data is found in 5.3.5 and 5.4.

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


https://standardsiso.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

- 16 - CISPR TR 18-2:2017 © IEC 2017

CISPR TR 16-4-3 describes statistical sampling methods for establishing the compliance of
mass-produced appliances with CISPR limits. The so-called 80 %/80 % rule is based on the
application of statistical techniques that have to give the consumer an 80 % degree of
confidence that 80 % of the appliances of a type being investigated are below the specified
radio noise limit. The method is based on the non-central t-distribution (sampling by variables)
and the spirit of the 80 %/80 % CISPR rule is interpreted for overhead lines, such that the
radio noise level should not exceed the limit for more than 80 % of the time with at least 80 %
confidence.

Definitions of readings and sets of measurements are given below:

1

N

pd|

imber of measurements:

A reading is the result of a single measurement of the field strength level in dB(uV/m)y.af a
given location, under given meteorological conditions. If the meter readings fluctuate) theén
an average value taken over a period of at least 10 min should be used.

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

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

The number of measurement sets for each weather condition (dry, rain, snow, etc.) shall
be proportional to the frequency of occurrence'of each weather condition for the area.

bmpliance with a specified noise limit is judged from the following relationship taken fro
SPR TR 16-4-3:

X+kSy<L
here
is the permissible upper.limit of radio noise;

namely:

X - X1+ Xouo + Xj +..+ Xy,
n

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

2, b - XF

S =
n n-1

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

m

is the constant depending on (n) and is determined in such a way that the above stated

80 %/80 % rule is satisfied.

The k value to be used for (n) number of sets of measurements is shown in the Table 1 below.

Table 1 — Number of n sets of the radio noise level measurements
and corresponding values for factor k

n 15 20 25 30 35
k 1,17 1,12 1,09 1,07 1,06
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This equation, based on a limited number of samples, is similar to that relating to a Gaussian
distribution valid for an infinite number of samples, the samples being represented by sets of
measurements.

In the equation, S, can be compared with the standard deviation relating to an infinite number
of samples and k depends on both the required confidence (80 %/80 %) and on the number of
samples. The lower the number of samples, the higher the value of k becomes for any
percentage specified to meet the limit, with a given confidence.

Studies indicate that even for a non-Gaussian distribution the use of the above statistical

mgthod does not introduce a significant error provided that at least 15 but preferably 20 pr
mpre sets of measurements are used in the evaluation.

44 Additional information to be given in the report

To ensure that extraneous interference is not influencing the radio interference measuremepnt
lepel, it may be necessary to measure the background noise level (spectrum)*with the line de-
energized.

Wihen the results of the measurements are reported, as much releyant’information as possible
should be given on the line and on the conditions under which the measurements were carrig¢d
out.

456 Measurements on HV equipment in the laboratory
451 Overview

This subclause gives the method to be used for the measurement, in a laboratory or test arefa,
oflradio noise generated by items of plant andicomponents used on high-voltage lines and fin
sybstations, such as circuit-breakers, bushings, insulators, and associated hardware. THis
method is valid for type tests and for routine or sample tests and also for investigational test

o7

It|is usual practice to carry out laberatory measurements of radio noise in a prescribed tgst
cifcuit by measuring conducted‘\guantities (current or voltage) and not the emitted figld
strength.

Fdrthermore, the selection of test conditions should be based on the following principle:
ideally, the measuremeénts should be made with the conditions and circuit simulating, as far as
pgssible, actual service conditions and, if necessary, the most severe conditions likely o
ogcur for the typetofapparatus being tested. Before the establishment of a reliable method jof
radio noise tesfing in a laboratory, reliance was placed on the voltage at which inception pr
extinction ofwisual corona occurred on the test object. The voltages so determined were vefy
dgpendent_ on the observer and this method is now being replaced by the laboratofry
measurement methodology described below.

4.5.2 State of the test object

It is well known that the level of the radio noise produced by high-voltage equipment is very
dependent on the state of the surface of the item equipment. In laboratory tests, the state of a
particular test object should consequently be clearly defined with regard to the following
aspects:

a) new or already used;

b) clean or slightly polluted; the nature of the pollution should be specified;

c) dry, slightly damp, or wet (for example artificial rain conditions);

d) combination of these states, for example polluted and damp.

Generally, standards and normal practice are restricted to laboratory tests on clean and dry
objects, reproducibility of the other test conditions (dampness, pollution) being often difficult
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to achieve. However, tests on objects submitted to (standardized) rain conditions may be very
useful, since these conditions occur frequently in practice and may lead to significantly higher
radio noise levels than dry conditions.

When only one surface condition is taken into consideration, it is desirable that the tests be
performed on adequately polluted and wetted samples, in order to get as close as practicably
possible to approximate actual conditions at normal operating voltage.

When the object is to be tested in a clean and dry state, it may be wiped with a dry cloth to

remove-dust and fibres that mighf affect the surface

Unless otherwise stated, test conditions described in this clause are valid for used, wef and/pr
pglluted objects as well as for new, clean and dry objects.

4.5.3 Test area

The tests should preferably be performed inside a screened room which'is large enough [to
prevent the walls and the floor from having any significant effect on-the distribution of the
electric field at the surface of the test objects. Circuits entering the Screened test area, fpr
ejample supply cabling for power and lighting, should ideally be filtered so as to avdid
infroduction of external interference (see 4.5.11).

=

Ifla screened room is available, the tests may be carfied out at any place where tIe
background noise level is sufficiently low compared with the levels to be measured (s¢e
46.11).

45.4 Atmospheric conditions
The normal reference atmosphere for tests described herein is:

—| temperature: 20 °C;
—| pressure: 1,013 x 105 N/m2 (1 013 mbar);
—| relative humidity: 65 %.

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

—| temperature: between45 °C and 35 °C;
—| pressure: between-0;870 x 10° N/m2 and 1,070 x 10° N/m2 (870 mbar and 1070 mbar);
—| relative humidity (for tests on objects in the dry state): 45 % to 75 %.

In| the case ofiinvestigational tests, other conditions may be selected according to the tgst
ohjective.

\NI:en tests are made on a dry object, it shall be in thermal equilibrium with the test ar¢a
atmasphere to avoid any condensation on the surface of the object. T

As far as the radio noise levels generated by a test object are concerned, the effects of
changes in atmospheric conditions with respect to the normal reference conditions (even
while staying within the limits stated above) are little known. Thus no correction shall be
applied to the measured results but the air temperature, air pressure and relative humidity
obtaining during the tests shall be recorded.

4.5.5 Test circuit — Basic diagram

Figure 4 shows the principle of the test circuit. The radio-frequency currents generated by the
test object flow through that part of the circuit shown by heavy lines which include impedance
Z and resistance R|. The radio-frequency rejection filter F virtually prevents these currents
from flowing in the high-voltage connections to the transformer and, conversely, any
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interference currents from other sources present in this high-voltage connection are
attenuated by the filter before entering the high frequency part of the circuit. Ideally the
impedance of Z should be zero at the measurement frequency and infinite at the power
supply frequency. Also, if R represents the resistive load of the test object in service, for
example the characteristic impedance of a high voltage line, the radio noise voltage which the
test object would inject onto a line conductor or substation connection may be measured
across R|.

CISPR 16-1-2 [2] specifies a value of 300 Q for R_and in a practical test circuit (see Figure 5),
R__is the equivalent resistance of R, in series with the parallel combination of R, and the
input resistance of the measuring receiver, R,,.

TIe test consists of taking measurements of the pulse-type voltages appearing .across|a
fraction of R when a given power-frequency voltage is applied to the object under test. Thege
measurements are/shall be expressed in uV (or in dB(unV)).

4.5.6 Practical arrangement of the test circuit

Figure 5 shows the standard test circuit which should be used for thedaboratory measuremejnt
of| the radio noise voltages generated by medium and/or high“\voltage equipment. The
cqnnections to the measuring receiver are shown in a simplified form in Figure 5 an%
dgpending on the distance between the measuring receiver and the test circuit, t

arrangement shown in either Figure 6 or Figure 7 is incorporated into the circuit of Figure 5.

e

NOTE In the special limited case of the need for rapid comparative measurements to be made on a number|of
idg¢ntical small objects, such as cap and pin insulator units for everhead lines, the special test circuit of Figurg 8
ca’[ be used. The decoupling capacitor C_ can be omitted when;the number of test objects exceeds five.

~

The impedance Zg in the basic circuit of Figure 4”can consist of i) a series circuit L,C, or |ii
simply a capacitor C3, as shown in Figure 5.

i)| L,C, is tuned to the measurement frequency along with L in parallel with C4, forming the
rejection filter F. The advantage of-this arrangement is that C, may have a relatively Iqw
value of capacitance, say 50 pF\to" 100 pF and therefore be cheaper, but the disadvanta*e
is that measurements at frequencies other than the reference frequency involve the
retuning of L,C, and L4Cj.

i)l As stated in item d) 0f 4.5.7, a value of 1 000 pF for C; should be satisfactory, whigh
makes an inductor in 'series with C3 unnecessary and this part of the test circuit aperiodic.
By making the rejection filter F also aperiodic by using, for example, an inductor dampId
by parallel resistors, measurements at frequencies other than the reference frequency can
be carried out\felatively simply. If, however, the laboratory or test area is near to industrial
premises where high levels of radio noise can be produced, a very high filter impedancel|is
usually reguired (see item c) of 4.5.7).

4.5.7 Test circuit components

The-components that are used in the test circuit shall meet the following requirements.

a) High-voltage connections

The radio noise level produced by the high-voltage connections and terminations of the
test circuit shall be insignificant compared with the values to be measured from the test
object at the test voltage.

b) High-voltage transformer T,

This transformer shall provide a voltage waveform consistent with the specifications of
IEC 60060-2.

c) Rejection filter

Filter F shall have an impedance of not less than 20 kQ, corresponding to an attenuation
of at least 35 dB, in either direction at the measurement frequency.
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To be fully effective, the filter should be located as near as possible to the high frequency
part of the test circuit. When the filter consists of a tuned circuit (L4C4), it should be tuned
to the measurement frequency by using, for example, a signal generator connected across
the secondary terminals of transformer T,. Tuning is achieved by varying C, to give a
minimum reading on the measuring receiver. The filter impedance may be assessed by
measuring its insertion loss by taking the difference in the measuring receiver readings
with the filter short-circuited and then with the short-circuit removed.

At the reference measurement frequency of 0,5 MHz + 10 %, the value of L, should be
about 200 pH, whereas C, should be variable up to a maximum of 600 pF.

4.5.8 Measuring receiver connections

The more usual method of connecting the measuring receiverto the test circuit, i.e. where the

le
th
ar

a

Measuring fmpedance

The impedance between the live conductor and earth (Z; + R in Figure 4) shall be
(300 + 40) O with a phase angle not exceeding 20°, at the measurement frequency!

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

Capacitor C5 shall be capable of withstanding the maximum test yoltage and have a Iqw
partial discharge level at that voltage.

ngth of cable is less than about 20 m and coaxial cableds Used, is shown in Figure 6. Whe
e length of cable is greater than 20 m, balanced\ screened cable is used, and th
rangement is shown in Figure 7.

e
is

Matching resistor R4

measuring receiver, the co-axial cableylin the case of Figure 6, shall be terminated in |ts
characteristic impedance at each) end. Also, in the circuit of Figure7, the
cable/transformer assembly shall be similarly terminated.

To reduce the possibility of errors due;to reflections within the connections to t:[e

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

Series resistor R,

To meet the requifement of 300 Q resistance across the test object, the input resistange
R, of the measuring receiver in parallel with R, has to be increased using a serigs
resistor R, which shall be of the high stability, non-inductive type. In the case of|a
measuringreceiver where R, is 50 Q, the value of R, should be 275 Q.

NOTE 1{ 'some countries other resistance values are assigned to R : for example the National Electri¢al
Manufactirers' Association (NEMA), of the USA, in its Publication 107 (1964) [7], specifies the value of 150 Q
for, Rp~Usually a simple conversion can be applied to the results obtained from tests to other specificatiofs.
This is because a radio noise source in a test object almost invariably produces a constant current, provided
R is within the range 100 Q to 600 © and the voltage measured across R, is simply proportional to its value

d)

Inductor Ly

This inductor provides a low-impedance path to divert the power frequency currents which
flow in C, or C; away from the measuring receiver and its associated components. At the
reference measurement frequency of 0,5 MHz, L, shall have a value of at least 1 mH, with
a low self-capacitance, to avoid errors exceeding 1 % or 0,1 dB. For safety reasons, Lj
should be robust and have sturdy and secure electric connections.

Spark gap

To reduce the possibility of high voltages appearing on the connections to the measuring
receiver, the provision of a protective spark gap across L5 is recommended. This spark
gap should preferably be of the gas-filled type with a maximum breakdown voltage of
500 V on a power frequency sine wave (see note below).
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e)

NOTE 2 In the event of a relatively high power frequency voltage appearing across the spark gap, due for
example to a failure of the inductor L3 or its connections, there could be an increase in the test circuit
background noise level, because of corona discharges at the electrodes of the spark gap.

Balanced cable and balun transformers (T, and Tj3)

Where the test object is large and/or where very high voltages are involved, the measuring
receiver may have to be located at some distance from the base of (C,,L,) or C3, where
R, and R, are located. Under such conditions, the length of co-axial cable shown in
Figure 6 may exceed 20 m. To reduce the possibility of the measurements being affected
by interference picked up on this cable, it is recommended that the arrangement shown in

f)

4

The object under test shall be mounted and arranged-in' accordance with the requirements [of
e standard applicable to the particular apparatusceoncerned (for example, IEC 60437:1997,
e [3]). When no such standard is available, ‘the test object shall be arranged, as far as

th
S€
Pqg
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The object under test shall be provided with all its normal hardware which may affect the
stribution of the electric field at théssurface of the test object, for example as arcing hornps
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.p.9 Mounting and arrangement of test object

ample a circuit-breaker which.can be open or closed, it shall be tested in each of thege

betric field at its@urface.

The coupling,dmpedance, L,C, (or Cs3) shall be located near to the test object without
pnificantly disturbing the distribution of the electric field at the surface of the test object.

4.|5.1 0~ Measurement frequency

Figulc e used:

The balun or coupling transformers T, and T3 should be located close to R4/R, and_ te tie
measuring receiver, respectively, and the connection between the transformers should be
made by means of a balanced screened cable. Short lengths of co-axial cable“should lbe
used to connect T, to R4/R, and T4 to the measuring receiver, and all these cables should
have suitable characteristic impedances to ensure correct matching.

Measuring instrumentation

To comply with CISPR recommendations, the measuring instfumentation shall be
consistent with the specifications of CISPR 16-1-1. If a measuring receiver with different
characteristics is used, a conversion of the results into values which would have be¢n
obtained with a CISPR instrument is usually possible, but” this can lead to some
inaccuracy. This conversion should be carried out as detailed’in 4.1.

ssible, in the same manner and with the same circuit configuration as is typical of servite
nditions.

d stress-control hardware. Where the test object can be in more than one condition, fpr

nditions.

e high-voltage connestions to the object under test shall be short and shall not contribute o
measured values-of radio noise from the test object nor influence the distribution of the

The reference measurement frequency is 0,5 MHz. It is recommended that measurements are
made at a frequency of 0,5 MHz + 10 % but other frequencies, for example 1 MHz, may be
used.

4.5.11 Checking of the test circuit

The test circuit shall be arranged so as to permit an accurate measurement of the radio noise
level generated by the object under test. Any interference from outside the test circuit,
including the supply, or from other parts of the circuit, shall be at a low level and, preferably,

at

least 10 dB below the level specified for the test object.
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With the specified test voltage applied to the circuit, the level of background noise shall be at

le

ast 6 dB below the lowest level to be measured. These conditions may be checked by

substituting a similar but noise-free test object for the object under test.

Background noise levels may be relatively high when the tests are made in an unscreened
area, especially when there are industrial premises nearby. When these high levels are of
short duration, this condition may be acceptable provided that the quiet periods are of
sufficient duration for a reliable measurement to be made and that, during the measurements,

th

e character of the interfering peaks can be clearly distinguished from that of the noise being

generated by the test object, possibly by means of an oscilloscope or a loudspeaker.

Interference may also result from broadcast stations; this may be overcome by selecting|a
megasurement frequency from within the specific range but which is clear of interference.
Additionally, the use of a resonant circuit L,C4, correctly tuned as the rejection filter F, can
often be most effective in reducing such background interference.

4,
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.12 Calibration of the test circuit

e test circuit shown in Figure 5 together with the circuit shown in either Figure 6 or Figure] 7
all be calibrated to obtain the value of the correction factor that-shall be applied to the
easuring receiver readings. This factor is the sum of the. circuit attenuation and the
sistance network factor, both expressed in dB. Such calibration is required where the test
sembly is being used for the first time, or has been re-afranged, or where the test objgct
ve been changed to one of a significantly different capacitance. The power supply to the
gh-voltage transformer should be disconnected during.calibration.

Circuit attenuation A

Before starting the calibration, the rejection*filter F, if applicable, shall be tuned to the
particular measurement frequency as described in item c) of 4.5.7. A signal generator with
an output impedance of at least 20 kQ shall then be connected in parallel with the tgst
object, the test circuit being complete, as shown in Figure 5 together with the circtit
shown in either Figure 6 or Figure 7.(Such a generator is easily arranged by connecting|a
20 kQ resistor in series with the Quiput of a standard signal generator.) The generator shall
be set to deliver a sine wave Quiput of 1V at the measurement frequency; this will result|in
a current of about 50 pA heing injected into the test circuit. This current will ensure thiat
the level of the reading obtained with a CISPR measuring receiver will be well in excess of
the typical backgroungd-noise level. The level of this reading shall be noted.

With the settings aof'the generator unchanged, the test object shall be disconnected frgm
the high-voltage ‘part of the test circuit and connected as shown in Figure 9. The level |of
this new reading*shall be noted. The difference between the two readings is the circit
attenuation-A,

NOTE 1,6 avoid removing R, and R, from the test circuit during the calibration procedure, other high-
stabilitys,non-inductive resistors of the same value can be used.

NOTE 2 In Figure 9, the test object can be replaced by an equivalent capacitance, if this is known.

b)

Resistance network tactor

Levels of radio noise voltage generated by the types of apparatus being considered in this
subclause are usually expressed in dB(uV) across 300 Q.

Then, if Ry = R,,, the network factor will be as follows:

R =20 Ig%, expressed in dB.
1

The radio noise level of the object being tested is then given by

V=V,+A+R indB(uV)across 300 Q
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where V,, is the voltage, indB(pV), indicated by the measuring receiver and
corresponding to its input voltage.

NOTE 3 A less complicated alternative method of overall calibration of the test circuit can be carried out in a
single operation if a calibrated sine-wave current generator is used. This method involves an accurate
measurement of both the output voltage V,, of the signal generator and the value of a 20kQ resistor R, in
series with the generator output. Thus, when the signal generator (along with the 20kQ series resistor) is
connected in parallel with the test object, the reading V, (in pV) appears on the measuring receiver; this
reading corresponds to the current i, injected into the circuit as follows:

. Vo .
/1=,_‘0 in uA

LAY

Under these circumstances, the radio noise level of the apparatus being tested is directly given by:
V=V, =20lg 300\’/—1 in dB(uV) across 300 Q
1

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

TIe sine-wave signal generator may be replaced by a pulse geng€rator with a constant
frequency spectrum, at least up to the measurement frequeney: Correspondence [of
amplitudes between pulse and sinusoidal signals should meet the data included |[in
C|ISPR 16-1-2 [2].

45.13 Test procedure

Radio noise generated by high-voltage equipment depends mainly on the distribution of the
electric fields at the surface of the equipment. Ideally, the goal is to reproduce these figld
diptributions during tests in the laboratory.

The radio noise level generated by a test.6bject is not entirely determined by a particular
vdlue of the test voltage. A hysteresis effect often occurs, with the result that noise may pr
mpay not be present at a given test voltage, as it depends on whether this voltage was reachg¢d
by decreasing or increasing values. [Pre-conditioning of the test object, by subjecting it to|a
vqltage which is equal to or greater than the specified test voltage for a specific period of time,
cgn also have an effect on the measured level of radio noise.

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

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

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

b) between phase and earth (for example a complete insulator string), in which case the test
voltage is related to the system's phase voltage.

Thetestvottageof theobject to betested-susuatty specifiredimthestandard=appticabte tothe
type of object. In the absence of such a specification, the test voltage shall be 1,1 times the

nominal voltage of the system or the rated voltage of the equipment (U/\/g for apparatus

tested with respect to earth). In some cases, the test voltage is agreed between manufacturer
and purchaser at a value between 1,1 and 1,4 times the nominal voltage of the system or the
rated voltage of the equipment.

A voltage 10 % higher than the specified test voltage should be applied to the object under
test and maintained for at least 5 min. The voltage should then be decreased in steps to 30 %
of the specified test voltage, raised in steps to the initial value, maintained there for 1 min and,
finally, decreased in steps to the 30 % value. Each voltage step should be approximately 10 %
of the specified test voltage. At each step, a radio noise measurement should be made and
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the results obtained during the last decreasing run should be plotted against the applied
voltage, the curve so obtained being the radio noise characteristic of the test object.

When significant variations occur in the radio noise level measurements taken from a number
of items of equipment of the same type, then measurements should be done on several
samples. The typical radio noise characteristic of the equipment will be the average curve
obtained from the series of sample measurements. When the number of sample
measurements is deemed sufficient, the range and deviation of the levels measured should be
evaluated. When compliance with limits is required, it may be appropriate to use the statistical
method given in CISPR TR 16-4-3.

45.14 Related observations during the test

It /may be advantageous to carry out additional observations and measurements dt|the same
time as the radio noise measurements, in order to locate any noise sources on the test object
and assist in establishing the cause of possible defects. A visual observation,, if necessary by
mgans of binoculars in a darkened laboratory, will enable even extremgly. small points [of
cqrona discharge to be located. Such observations may be confirmed by means [of
photographs with long exposure times, or by means of an image intenSifier. If it is impossible
toldarken the laboratory sufficiently, the points of discharge may be.Jecated to some extent by
an ultraviolet detector, by ear or, preferably, by an ultrasonic detector which is much mofe
directional.

4.5.15 Data to be given in test report

Inladdition to the specification of the apparatus under test, the test report should also give the
following data:

a) state of the test object:

1) new or already used,

2) clean or polluted (nature and degrege of pollution),

3) dry, damp or wet;

b) atmospheric conditions:

1) temperature,

2) barometric pressure,

3) relative humidity;

4) presence or'absence of rail (standardized artificial rain);

c)| test circuit, including any difference from the standard CISPR circuit;
d) background-noise level;

e) test voltage with detailed procedure of its application;

radio noise characteristic);

f)| meéasured radio noise levels, expressed in dB(nV) across 300 Q (these can be given in tTe

g) comparison between the measured levels and any specified limits.

5 Methods for derivation of limits for HV power systems

5.1 Overview

The CISPR has for many years considered the question of limits of radio noise from overhead
power lines and high-voltage equipment in order to safeguard audio and video (i.e. analogue-
modulated television) radio broadcast reception. The degree of annoyance caused by noise in
the broadcast radio frequency bands is determined by the signal-to-noise ratio (SNR) at the
receiving installation. For similar subjective annoyance, the SNR depends on the nature of the
noise source. Based on a required SNR, many factors affect the acceptable level of noise, such
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as the minimum radio signal level to be protected, minimum distance between power line and
receiving location, effects of weather, etc. Further difficulties exist in specifying the conditions
for verifying compliance with limits. For example, views are divided on whether measurements
should be carried out in fair weather, foul weather, or both. Practically every major factor is
subject to statistical variation. It is recognized that international discussions cannot fully resolve
these problems. Some countries have, however, laid down mandatory standards on limits of
interference from power lines.

There is a general agreement by countries participating in CISPR that guidance should be
given by it on a simple and effective method for deriving limits on a national basis, taking into
agcount particular conditions the regulatory authority may wish to adopt. Furthermore, iti;s

agreed that the method of deriving limits should be illustrated by examples based ‘¢n
refasonable minimum radio signal levels, adequate receiver installations and on practical and
egonomical power line designs. The method should enable assessment of the effects of powpr
lines on radio reception under any particular conditions.

Since a number of arbitrary assumptions about random parameters shall be made, which may
differ from actual conditions, and since economic factors shall also/be considered, apy
recommended limits cannot assure 100 % protection to 100 % of the _fadio users. This fact|is
generally accepted in standardization.

5.2 Significance of CISPR limits for power lines

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

In|the case of noise from power lines and high-veltage equipment, this criterion is not direclly
applicable. It is however possible to relate it tg*the statistical distribution of noise due to the
vgriation of atmospheric conditions. For power lines, high-voltage substations as well as fpr
high-voltage equipment, the CISPR limit recommended in the present document may be
inferpreted as the noise level not exceeded for 80 % of the time. However, as is discussé¢d
in[4.3, this application of the CISPR 80 %/80 % rule would involve a larger number [of
mgasurements than is specified in GISPR Recommendation 46/1.

It lshall also be realized thatan 80 % level for conductor corona noise for DC lines will always
be a fair-weather level ofdll climates, whereas for AC lines, the 80 % level in moderalte
climates will usually be, a”“foul-weather level, and for dry climates, it will usually be a fa|r-
weather level.

Figure 12, which) shows typical annual all-weather radio noise at 0,5 MHz cumulatiye
amplitude distributions for an AC line and a bipolar DC line in moderate climates, illustrat
thjs difference between corona noise from AC and DC lines.

N4
(/2]

Other\criteria, such as average fair-weather noise levels or possibly maximum fair-weather
nqise levels, could also be the basis for establishing limits for high-voltage direct curre[rit
(HVDC) lines. Foul-weather noise is normally lower (8.5 of CISPR TR 18-1:__4); therefore, the
fair-weather noise level (50 %) is higher than the foul-weather noise level, but the difference
is moderate. The fair-weather noise level should always be the basis for establishing limits for
HVDC lines.

Regulatory authorities should keep these facts in mind when deciding on adoption of the 80 %
level.

4 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.3 Technical considerations for derivation of limits for lines
5.3.1 Basic approach

The basic requirement is to maintain an adequate SNR at the receiving installation for
satisfactory reception of audio and analogue-modulated television broadcast signals. When
establishing regulations, it will be the responsibility of the regulatory authority to determine
the minimum radio signal strengths to be protected and the SNR that will give satisfactory
reception. This document presents information on acceptable SNR and gives some
information on minimum radio signal levels to be protected. It also shows how the protected

mjnimum distance from the line at which the minimum protected signal can be jeceived 80
ofl the time with an acceptable SNR. If the average fair weather noise levehis the basis fpr
egtablishing limits, then this protected distance will be the minimum distance from the line [at
which the minimum protected signal level can be received for 50 % of’the time during fair
weather with an acceptable SNR.

It [should be appreciated that at most locations, the radio signal.level will be higher than the
mjnimum one and that advantage can sometimes be taken of’the directional properties [of
cgrtain types of receiving antenna to improve the SNR. On_thé other hand, there will be casgs
where the distance between the power line, or the high-voltage equipment, and the receiviIg
lopation will be less than the protected distance. On a statistical basis these factors will oft¢n
tend to balance each other in such a way as to previde adequate reception even in casg¢s
falling within the protected distance. For those so(placed who suffer interference, mitigatipn
techniques may be employed such as use of ren¥ote antennas or connection to cable systems.

5.2 General
5.8.2.1 Power systems

Tire radio noise limit discussed( in this clause to protect audio and analogue-modulat¢d
television broadcasting applies:to the power system as a whole and not to its individyal
cgmponents such as transformers, insulators, etc. The method of measurement of the noise
lejel of a component is discussed in 4.5, and the relation of this level to that it would produge
in[a direct distance of 20.m from the nearest phase conductor (in case of HVAC systems) pr
pasitive conductor (in'case of HVDC systems) of the overhead power line is discussed in 6|2
of| CISPR TR 18-1,;.\%!

TiLe noise limits-are based on lateral attenuation laws applicable to typical power lines and ¢n
the appropriaté CISPR measuring methods and instruments referred to in Clause 4. No w
egtablishedvdata are presently available for HVAC substations or HVDC converter stations.
For simplicity, however, the same laws may be used as for lines, the reference distance being
taken ‘as 20 m from the perimeter fence of the substation or converter station. It should be
n
considered. Transient noise, such as that due to interruption of a power circuit or due to turn-
on and turn-off sequences of the valves of a HVDC converter station, is not included.

The information in this clause is hence valid for persistent noise from HVAC lines and
substations operating at voltages from 1 kV to 800 kV, and for HVDC lines and converter
stations operating at voltages from 1 kV to + 750 kV.

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

The frequency range is from 0,15 MHz to 300 MHz, also covering the a.m. radio sound
broadcast frequency bands between 0,15 MHz and 1,7 MHz and the v.h.f. television and f.m.
radio sound broadcast frequency bands between 47 MHz and 230 MHz. The intent is to
provide protection to "reasonable" wanted signal levels of these and other radio services.
Since power lines normally do not produce significant interference to radio reception above
300 MHz when the power system is in normal operation and since there is only limited
information on noise levels at these frequencies, the bands above 300 MHz are not included

at

this time.

TlLe definition of "reasonable" wanted radio signal levels will vary with the type of service ar||d
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rt of the world. The International Telecommunication Union (ITU) considers three regions
and 3). Regions 1 and 3 are further divided into three zones (A, B and C) basedn.Clima
nditions. Figure 10 shows these regions and zones. Within each region and zane, there a
ecific transmitter power levels, minimum protected signal levels, required co-Channel a
jacent channel protection ratios, etc.

particular, the low and medium radio frequency broadcast bands 0,15 MHz to 0,28 MHz a
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6 MHz to 1,7 MHz are regulated by the ITU. However, existing pragtices regarding minimum
gnal levels to be protected and also regarding protection ratios{ often differ from the latgst
commendations of the ITU. In North America the 0,5 MHz to A7 MHz band is regulated by

the North American Regional Broadcasting Agreement (NARBA)- It should be noted here thiat
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me of the differences result from differences in broadcasting philosophies. In Europe,

untry. Transmitter power is usually limited to 50-kW and protected received signal leve
e generally lower than those specified in Europe:
erence [21] for more details).

3.3 Minimum broadcast signal levels to be protected

Id strengths necessary to“overcome natural noise (atmospheric noise, cosmic noise, etc

nimum and the aeminal usable field strengths.

nce naturalnoise levels vary with time and geographical location, signal levels below the
lues can)'sometimes be received satisfactorily and at other times unsatisfactori
espective of power line or other man-made noise.

Fq

r the low frequency and medium frequency bands, the ITU [22] has recommended minimum

r broadcast planning, .purposes, the ITU has also recommended nominal usable figld
rengths for information purposes only. Annex C gives recommended values for both the

rthe v.h.f. bands, the International Radio Consultative Committee (CCIR) recommendéd

r

ample, it is usual to have a few omnidirectional transmitters of high power to cover an entire
untry; in North America, on the other hand, there is @'multitude of individual stations, oftgn
with highly-directional antenna arrays aiming a signal at a particular city or region of tle

S

TE The upper and lower limits of the various frequency bands, used for broadcasting and given here, gre
proximate values. Exact values vary from oné region to another and are subject to periodic revisions (spe

).

b€

m

inimum signal levels for region 1 are as shown in Table 2 below.

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

Frequency band Minimum signal strength
Television band | 47 MHz to 68 MHz 48 dB (pV/m
FM radio band Il 87 MHz to 108 MHz 48 dB (nV/m) (for mono)

)
)
54 dB (uV/m) (for stereo)
Television band Ill 174 MHz to 230 MHz 55 dB (nV/m)



https://standardsiso.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

- 28 — CISPR TR 18-2:2017 © IEC 2017

In North America, signal levels at the edge of the service area of a broadcasting station are
specified by NARBA and other standards [23 to 25]. These levels are given in Annex D.

It is generally accepted that when criteria for the protection of TV in bands | and Il have been
fixed, f.m. monaural sound radio broadcasting is automatically protected too. The protection
requirements for f.m. stereo sound radio broadcasting are under consideration. Similarly, the
intermediate bands, such as short wave, are automatically protected to the extent as is the
medium wave radio broadcast band. However, in certain cases, there may be
telecommunication services requiring different protection. These should be taken into account
by national authorities when limits are being considered.

It |[should be borne in mind that all of these minimum signal levels are related to proetectipn
against interference from other radio signals or from natural radio noise. Interference frgm
pgwer line noise has not been considered so far.

W|ith the widely differing values adopted for usable signal levels for differént zones of the
world, daytime and night time, the term "reasonable radio signal level" has\to be establish¢d
with regard to the factors relevant to the different levels. It is inevitablg that if low levels afe
adopted, radio noise from power lines should be viewed in comparisen with other sources [of
inferference and the protected distance between the power linesanhd receiver should be
intreased and/or the acceptable SNR should be reduced.

5.5.4 Required signal-to-noise ratio
5.8.4.1 AM audio broadcasting in the range below.30 MHz

No exact recommendations as to acceptable SNR haye yet been devised for noise from powger
lines. For planning purposes, the ITU recommends a wanted-to-interfering signal ratio of 30 fIB.
NARBA levels are based on a ratio of 26 dB.

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

For AC lines, the technical literatdre contains results of a number of investigations of t}re
rejquired SNR for satisfactory reception in the presence of power line noise. These afe
symmarized in Annex E. The\required ratios for various qualities of reception from "entirdly
sdtisfactory" to "speech( unintelligible" are provided. National regulatory authorities may
specify the quality of reception they wish to protect. It should be borne in mind that the SNR
dgpends largely on @he” receiver bandwidth. The ratios given in Annex E are based on t%e

signal being measured on an average or RMS reading meter and the noise being measured
on a CISPR measuring receiver with a quasi-peak (QP) detector. For a.m. reception, the
CISPR measufing receiver has a 9 kHz bandwidth. When measured with the CISHR
measuringsreceiver, the reading obtained from a.m. radio signals will be about 3 dB highE

an the~reading obtained from the respective un-modulated constant wave (CW) carri
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coincides with the amplitude of the CW carrier signal.

As for AC lines, the technical literature [10, 11, 12, 27 and 28] contains results of a number of
investigations of the required SNR for satisfactory reception in the presence of DC power-line
noise. However, the number of investigations is much less for DC lines than for AC lines, and
the DC SNR tests are not as consistent with each other as are the AC SNR tests. Some of the
investigations have shown that in the case of DC lines the measured SNRs could be as much
as 9 dB lower than for AC lines to give the same subjective impression, whereas other
investigations have seen little difference between AC and DC lines. Until these discrepancies
can be resolved by further research, it is recommended that AC SNR data be used by national
regulatory authorities in developing limits for DC lines.
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5.3.4.2 Television broadcasting in the range above 30 MHz

The required SNRs for television reception are less definite than those for audio radio
reception. For the European television standard, 40dB appears to be generally acceptable
(the radio frequency bandwidth of the CISPR measuring receiver being 120 kHz). However,
tests carried out in the United Kingdom with a positive modulated black and white picture
showed that this value could be reduced by up to about 5dB. For the North American
televisions standards, several limited tests have suggested 40dB for black and white
television [17]. Tests on colour television are currently being carried out. Further
consideration of all these issues may be necessary.

Tllue repetition rates of noise pulses due to corona and to gap-type discharges may rdiffer
cqnsiderably. This may have a large influence on the degree of interference produeed on|a
teJevision picture. Although there is not much data available, this should be considered whe¢n
egtablishing acceptable SNRs for reception of television radio broadcast services:

5.8.5 Use of data on radio noise compiled during measurements in the field
5.8.5.1 Attenuation laws

The rate of lateral attenuation of radio noise, for direct distances(®D, between about 20 m anpd
100 m from the nearest conductor of a line, varies in different ffequency ranges and al$o
depends on the configuration of the line. The following approximate values should provige
sqtisfactory results:

—| 0,15 MHz to 0,4 MHz, noise level decreases as D~1:8;

—| 0,4 MHz to 1,7 MHz, noise level decreases as D-195;

—| 30 MHz to 100 MHz, noise level decreases as.D~1:2;

—| 100 MHz to 300 MHz, noise level decreases as D~1.0,

Presumably, the factor 1,65 is sorr_1ewhat valid between 1,7 MHz and 30 MH;. The informatiIn
for the 30 MHz to 300 MHz band is based on only few measurements, but it should be notg¢d

that the mechanism and also the.attenuation characteristics are dependent on the type [of
ngise source, for example conductor corona or gap-type discharges at hardware defects.

The reference noise levels/Ey measured 2 m above ground level and belonging either to the
lateral reference distance yy'of 15 m or also to the direct reference distance Dy of 20 m m4gy,
therefore, be correctedto.the protected distance, using the following correction equations:

D
0,15 MHz to 0,4 MHz E, = Eg — 36lg—~
P70 20
Dy
0,4 MHz to 1,7 MHz E, = Ey —331lg—
p =0 20
where
Ep is the radio noise level at protected distance, in dB(uV/m);

E, is the reference radio noise level measured at 2m height above ground, either
in the direct reference distance Dy of 20 m or in the lateral reference distance y, of 15m,
in dB(uV/m);

D, is the protected distance (m).

p

NOTE Numerous measurements in the medium frequency band have demonstrated that, on average, the noise
level decreases as D~'85 close to the line (see 4.3 of CISPR TR 18-1:__6). For greater distances, however, some

6  Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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measurements have shown that it decreases as D~'. For any distance greater than about 100 m, a more accurate
value for the noise level Ep can be given by:

D,
0,4 MHz to 1,7 MHz: E, =E,-23-201g—- D_>100m
P 100 P

There is a degree of uncertainty as to the lateral distance beyond which this equation applies. In most cases,
however, at distances beyond 100 m, the noise level will be so low that broadcast reception will not be affected.

5.3.5.2 Normalization of measurement data to the reference distance D, or y,

W,
20 m
pgssible, the above equations may be used to convert measured values taken at\other
diptances to the reference distance of 20 m and 15 m, respectively. Measurements! should
alpo be taken at distances other than 20 m and 15 m, respectively, for verification purposeds.
In| all cases, measured profiles of lateral attenuation are greatly preferable,tadthe use [of
cqrrection equations (see 5.3.5.1).

5.5.6 Use of data obtained by prediction of the radio noise from high-voltage
overhead power lines

5.3.6.1 General

Assessment of measurement data obtained at operational_fines, reliable prediction of noige
lejels is important as no corrections of line design or construction can economically be made
affer the line has been built. Once the line is in service, there are several alternatiye
measurement procedures by which this predicted level'may be verified. The choice of method
will depend on the length of time available for the' measurements and on the degree [of
agcuracy required.

5.5.6.2 AC power lines

For an AC power line, the approximatecradio noise level due to conductor corona may be
predicted by use of an empirical equation, such as is presented in 5.3 of CISPR TR 18-3:_[ 7
ol with the help of the catalogue (see Annex B of CISPR TR 18-1:__8). The equation is

E="3,59max + 12 r—30 in dB(uV/m)

where

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

9rhax i the namerical value of the maximum voltage gradient at the conductor surface, [in
kV/cm;
r is the'numerical value of the radius of conductor or subconductor, in cm.

Af glven frequenmes d|fferent from 0, 5MHz espeC|aIIy if a S|gnal at a specmed broadcast

the foIIowmg equatlon (see also 4. 3 2 and F|gure B. 14 of CISPR TR 18 1 _9):
AE=5[1-2(log 10 H2] in dB

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

7 Under preparation. Stage at the time of publication: CISPR/RPUB 18-3:2017.
8 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
9 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.3.6.3 DC power lines

For a DC power line, the approximate radio noise field strength due to conductor corona may
be predicted by use of the following empirical equation (see 8.6 of CISPR TR 18-1:__10) in
fair-weather and at 0,5 MHz.

E=38+1,6 (gyay—24) +461gr+51gn+33Ig % in dB(uV/m)

where

E is the field strength of the radio noise in dB(puV/m);

9rhax is the numerical value of the maximum surface gradient of the line, in kV/cm;
r is the numerical value of the radius of conductor or subconductor, in cm;

n is the number of subconductors;

is the numerical value of the direct distance between antenna and-fiearest conductd
in m.

—

Al given frequencies different from 0,5 MHz, especially if a signal‘ab 'a specified broadcdst
fregquency is to be protected, the calculated radio noise level should be corrected according o
the following equation (see also 4.3.2 and Figure B.14 of CISPR-FR 18-1:__11):

AE (dB) = 5 [1 — 2 (log 10 f)2};\ih dB

where AE is the deviation (in dB) of the radio noisé*evel at the given frequency from the
reference frequency of 0,5 MHz and f is the_Umerical value of the given frequengy,
ejpressed in MHz, for which the equation is valid over the range 0,15 MHz to 4 MHz. THis
cqrrection is basically derived from AC lines-and is also applicable to DC lines, until further
experience is gained.

It| should be noted that the prediction equation for the radio noise level given aboye
represents the 50 % fair-weathervalue. In order to achieve the 80 % all-weather valuge,
another 3 dB to 4 dB should be added to the equation.

S.E Methods of determinhing compliance of measured data with limits
1

5.4. Long-term recording

TlLis is the most pfecise method for evaluating the noise level produced by a power line but|it
takes a long time to obtain the results. A noise-recording station is set up close to the powgr
life under investigation and continuous measurements are made for at least one year. The
sUitability of\the recording site shall be checked by means of measurements at various points
alpng the-line. The results are plotted on a probability graph of the type shown in Figure 3 [of
CISPR\TR 18-1:__12. At the percentage of time that has been selected for specifying the
nqise, the level is read from the graph.

5.4.2 Sampling method

This is a practical and accurate method that follows the spirit of CISPR
Recommendation 46/1 [26]. At least 15 or preferably 20 or more individual sets of
measurements of noise level are carried out at various locations along the line and under
various weather conditions. The selection of different weather conditions should be more or
less in proportion to the percentage of time each weather condition exists in the area of the

10 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
11 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
12 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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power line. These measurements are then analyzed to give the noise level that will not be
exceeded for 50 %, 80 %, or 95 % of the time, with an 80 % confidence, according to the
chosen criterion (see 5.3.1).

The sampling method is fully described in 4.3 for the case where the chosen criterion is the
80 % level.

5.4.3 Survey methods

If
al
fa
cqrona is the main noise source and when the radio noise distribution curves for the particulpr
type of line for the all-year-round weather conditions are available. These curves |could, fpr
instance, have been obtained from previous accurate measurements on the actual or on the
sgdme type of line under similar climatic conditions. Preferably three distribution curves should
be available; (1) under fair weather conditions, (2) under heavy rain andA3) under all-yes
round weather conditions. Statistical distributions are discussed in 4.3.4 |of
CISPR TR 18-1:__ 13,

—

It|should be noted that the methods outlines in the following paragraphs may not apply fo
lifes below 72,5 kV in cases where conductor corona is not the major source of radio noise.

For AC lines, the 80 % all-weather value is in general 5 dB to 15 dB higher than the 50 % fajr-
weather value, depending on the climate.

For DC lines, the 80 % all-weather value is in genéfal about 3 dB higher than the 50 % fajr-
weather value.

ferent times. From the results, the*50 % fair-weather level is deduced and used as|a
erence in the set of curves mentioned above. From the curves the all-weather 80 % val;l:e
cgn then be assessed. The suceess of this method is dependent on the reliability of the
diptribution curves.

Fjir-weather measurements have to be made at various locations along the line and fat
[

Since the radio noise level)due to conductor corona is relatively stable and reproducible
dyring heavy rain, these ‘measurements are not required to be taken at separate times. FO:F

weather measurements Jat AC lines should also be made at various locations along the linje.
For AC lines, the~50 % steady, heavy, rain level is deduced from the results of the
measurements and/used as a reference in the set of distribution curves to assess the 80 [%
all-weather leyvel:/Here also the success of the method is dependent on the reliability of tlLe
diptribution_cufves, although it is considered that the assessment of the 80 % all-weathgr
vdlue fronithe heavy-rain measurements is more reliable than the assessment from the fajr-
weather_ measurements. In general, the 80 % all-weather level is about 5 dB to 12 dB lowkr
thanthe 50 % steady, heavy, rain level.

5.4.4 Alternative criteria for an acceptable noise level

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

13 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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5.5 Examples for derivation of limits in the frequency range below 30 MHz
5.5.1 Radio reception
5.5.1.1 General

Examples of the calculation of limits are given below based on the assumptions discussed in
the preceding subclauses. Limits could also be calculated for different assumptions in respect
of signal level, SNR and distance from a power line. Conversely, for a given level of noise, the

minimum acceptable distance for satisfactory reception of a given signal strength could be
calculated

It |should be borne in mind that the lateral attenuation laws quoted are average valugsThey
depend on factors relating to both line design and local conditions. They may change with
diptance and should not be used for distances materially beyond those assumed in tHis
sybclause.

Firthermore, it should be remembered that radio-noise is generally measured so far at|a
frequency of 0,5 MHz. If a signal at a specified broadcast frequency,is<t6 be protected, t:l:e
measured values should be corrected for the given frequency @ccording to 4.3.2 and
Figure B.14 of CISPR TR 18-1:__14. For example, at 1 MHz, the (noise level would be abdut
5dB to 6 dB lower.

5.6.1.2 Principle

There are four parameters involved in the specification of radio noise limits (see Figures 1]a
and 11b):

—| the minimum wanted radio signal level to be protected,;
—| the minimum acceptable signal-to-noise-ratio (SNR);

—| the reference noise level, represepted by Eg;, at 2m height above ground, durifg
prescribed weather conditions;

—| the "protected distance"”, that is;.the minimum distance from the line at which the signal
can be satisfactorily received.

If lany three of these parameters are specified, the fourth can be determined. Two examplgs
will demonstrate this.

5.5.1.3 Example“t

signal level andthe required SNR are all known, the protected distance from the power li
for satisfactory radio reception in the low and medium frequency bands may be calculat
from the<equation given in Annex F:

If [the value of.the noise level at the direct or the lateral reference distance, the protectId

where

E, s the reference radio noise level measured at 2 m height above ground, either
in the direct reference distance D of 20 m or in the lateral reference distance y, of 15m,
in dB(uV/m);

= Sp - Rp is the acceptable noise level at Dp, in dB(uV/m);
R is the required signal-to-noise ratio (SNR), in dB;

14 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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is the protected wanted radio signal level, in dB(uV/m).

Ep depends on Ej and Dp according to the attenuation equation given above:

E, = Eo - kg (D,/20) in dB(uV/m)

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

In

M
di

N

P

the - f—and;thisequatiomrisaccurate for distances up toabout 06

$ an example, the distance from a given power line at which a wanted radio signal

dB(uV/m) at 1 MHz may be received with a SNR of 35 dB is required. Therliné noi

Iculation is made:
otected wanted radio signal level at 1 MHz Sp = 72dB(pnV/m)
pquired signal-to-noise ratio (SNR) p = 35 dB
ceptable noise level at protected distance from line Np e Sp - R‘p
N, =37 dB(nV/m)
basured noise level at the lateral or direct reference 50 dB(pV/m)
stance, at 0,5 MHz
bise level at 1 MHz Eg =50 -6 =44 dB(uV/m)
he 6 dB correction comes from Figure B.14 of
SPR TR 18-1:__15)
otected distance (44+35—72 13j
7_’_ y
D, =10t %

Therefore, the protected distanceis Dp = 32m from the nearest conductor of the line.

casured by the standard CISPR method is found to be 50 dB(upV/m). Thé following

of
be

5614 Example 2
In| this second example a-broadcast signal at 1 MHz, 65 dB(uV/m), is to be protected with|a
SINR of 30 dB at distances greater than 100 m from the power line. The acceptable referenge
ngise level Ey is caleuwlated as follows:
Protected wanted radio signal level at 1 MHz 65 dB(uV/m)
Ac¢ceptablé noise level at protected distance from line 65 — 30 = 35 dB(pV/m)
Aftenuation from 20 m to 100 m 100
33lg—— =23 dB

20
Acceptable reference noise level, at 1 MHz 35 + 23 = 58 dB(nV/m)
Therefore, acceptable reference noise level at CISPR
reference frequency (0,5 MHz) 58 + 6 = 64 dB(uV/m)

(The 6 dB correction comes from Figure B.14 of

Cl

15
16

SPR TR 18-1:__16))

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


https://standardsiso.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 - 35—

5.5.2 Television reception, 47 MHz to 230 MHz

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

5.5.3 Digital terrestrial television reception, 470 MHz to 950 MHz

This is also under consideration. Insufficient information is presently available to permit
presentation of meaningful examples.

5. Additional remarks

Mpst field tests to date have been carried out in the low and medium frequency,‘bands.
Therefore, any data presented on the v.h.f. band should be considered as provisiohal and
mpjor conclusions should not be based on it. This whole subject is still under considéeration.

If limits are based on noise levels measured and statistically evaluated in accordance with 4|5,
they also represent statistical values not exceeded for 80 % of the time. For conductor coroF
r
h

ngise, it should be noted that these values are significantly higher thdn ‘average fair-weath
lepels. This factor should be taken into account when these values are compared wi
standards for typical fair-weather conditions laid down in various countries.

As$ in the case of other sources of possible interferencé/for which CISPR limits exist,
ejamples of limits presented here are based on the_sequirements for the protection [of
brioadcast radio reception for the large majority of radie users under conditions prevailing jat
the majority of sites during most of the time. Such values cannot cater for the few exceptional
cgses where a number of unfavourable factors coingide. The examples of limits do of courge
also provide sufficient protection to radio reception in general. It has however not be¢n
checked whether this information is valid for each and any radio service or application.

Practice has shown that acceptable noise,levels as presented in this clause can be met with
well-maintained power lines of adequate~design and construction. Indeed, considerably lowgr
ngise levels are found on many opetational lines where requirements other than radio noige
lepd to designs with larger conductor sizes (for example high current-carrying capacity). It|is
cqnsidered that the methods ‘of deriving limits indicated in this clause represent go¢d
engineering practice and couldiserve as the basis for establishing such limits.

5./’ Technical consjderations for derivation of limits for line equipment and
HVAC substations

5.7.1 General

The principlefor establishing limits of radio noise voltage for line insulators and hardware amd
sybstationplant and hardware in the I.f. and m.f. bands shall be that their contribution to the
aggregate noise level of a transmission line is negligible. This is applicable to AC lines whose
cqgnductors are subjected to surface gradients of about 12 kV/cm to 24 kV/cm or higher. THis
principle pre-supposes coordination between noise produced by insulators and hardware ¢n
the one hand and noise produced by line conductor corona on the other hand. For other AC
lines, with a lower surface gradient, the noise voltage for line equipment shall be at least as
low as the noise voltage for equipment used on lines with a surface gradient of about
12 kV/cm. This principle is applicable to DC lines but no figures of gradient are quoted as the
relationship between conductor corona noise and noise produced by insulators and hardware
is not well established (see Clause 8 (especially, 8.2, 8.4, 8.5, 8.6, 8.7) of
CISPR TR 18-1:__17) the corona noise being higher in dry weather and lower in wet weather.
Subclause 4.5 of this document describes the CISPR method of radio noise measurement in
the laboratory. Subclause 6.2 of CISPR TR 18-1:__ 18 gives the correlation between the radio

17 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
18 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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noise voltage measured in uV, in the CISPR test circuit, due to any noise source (as e.g.
tested according to 4.5) and the radio noise field strength on site, in uV/m, measured in
accordance with the method described in 4.5.

For frequencies above a few megahertz, the correlations between the radio noise voltage and
the corresponding radio noise field given in 6.2 of CISPR TR 18-1:__ 19 do not apply. This
means that no principle for establishing limits for frequencies above the m.f. band has been
specified so far for HV overhead power transmission systems.

aeHe—Ae d cHo & by o4 : cHo OfF—HAY

the aggregation of the direct radiated field and the guided field due to HF noise currents
ected into an overhead line serving the substation. At present, insufficient data" afe
available on the radiated component and therefore only the injected currents will be discussed.
Coordination between the injected HF noise currents and the currents produced by line
cqnductor corona applies also in this case.

5.71.2 Current injected by line components and hardware

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

If the limit of the current of the insulator set is specified as /| /3, that is 10 dB below the leVel
oflcurrent /I, the increase in the field strength levelkof the aggregate noise field will be aboput
0,b dB. This increase is too small to be measured\in practice.

In| addition to insulator sets, other compenents and hardware such as spacers, vibratipn
dampers and aircraft warning devices have to be considered. If for any one of these types [of
cqgmponent or hardware there are N itéms per span, the radio noise level per item should njot

be greater than 1/\/N times the level for the insulator set.

The aggregate radio noisecurrent per span from all these components and hardware should,
agcording to experience,(be“determined by quadratic summation of the individually measured
cyrrents.

5.7.3 Current.injected by substation equipment

The equipment is considered as a generator of radio noise current, as indicated in 6.1 |of
CISPR TR{18-1:__20. The problem consists in studying the propagation of the injected current
alpng the=line, that is, the attenuation and distortion of the guided electromagnetic figld
agsogiated with this current. To do this, modal analysis is employed.

A substation normally has more than one associated line, each with one or more circuits. For
determination of the current injected into one of the circuits, it is necessary to know not only
the impedance of all circuits but also the impedance of the substation equipment, consisting
of busbars, measuring devices, transformers, capacitors, cables, etc., as seen from the
apparatus acting as a current source. The current in the circuit under consideration can then
be calculated.

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


https://standardsiso.com/api/?name=4d5340f01dcec5ef25dd09bdc0812072

CISPR TR 18-2:2017 © IEC 2017 - 37 -

For the worst case, the impedance of the substation equipment could be assumed to be
infinite. Then, for N pieces of apparatus, each producing the same value of noise current /,
and for n outgoing circuits, the current injected into a circuit is

N

(RS
n

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

If
by
te
ar

5.

the value of the current calculated in this way is equal to the value of the current produc
line conductor corona, the increase in the radio noise field strength level at the substati
Fminal tower will be approximately 3 dB but after 1 km or 2 km the additional noise curre
d consequently the increase in the field strength, will be insignificant.

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

Line components and hardware

The rigorous procedure is as follows: starting from the graph of the,excitation function a

d
the matrix of the line capacitances (see 5.2 of CISPR TR 18-1;~21), the current / injectld
to

per unit length of a phase conductor is calculated. To pass fram this elemental current /
the aggregate current, generated by a span of length L, the‘law of quadratic summation

applied:
IL= L

¢d

DN
nt,

is

When eventually comparing the current level generated by a complete insulator set with

the aggregate current level /|, it is advisablé“to include a margin of 10 dB in order
ensure a negligible increase in the aggregate level of the noise field strength. The value
insulator noise current level used in théZcomparison should be the maximum obtain
under the normal range of weather conditions for the area over which the proposed li
will run.

For practical purposes, a simple.felationship can be derived from the Equation (6) given

6.2.2.2 of CISPR TR 18-1:__22,The current level / from a single insulator set should njot

exceed the value given by:
I=E-27-K,; indB(uA)

where
/ is in dB(uA);

E is the permissible radio noise field strength level during reference weather condition

in dB(1V/m), at a direct distance of 20 m from the nearest conductor or the line;

K, <s.the difference in dB between the conductor corona noise levels in the referen
weather conditions versus the corona noise level in weather conditions in which t
maximum insulator noise is generated.

0

f
d
e

in

i

Ce
he

b)

21
22

The equation includes the above-mentioned margin of 10 db.

Substation plant and hardware

The total current level | injected into a line by a substation should not exceed the val
given by:

I=E-12-K, indB(uA)

Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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where
I is in dB(pA);

E is the permissible radio noise field strength level during reference weather conditions,
in dB(uV/m), at a direct distance of 20m from the nearest conductor of the line,
derived from the relevant example in 5.5;

K, is the difference in dB between the conductor corona noise level in the reference
weather conditions and that in weather conditions in which the maximum substation
noise level is generated.

This equation is derived from Equation (4) given in 6.2.2.2 of CISPR TR 18-1:__ 23 far|a
cqnductor height h of 15 m and a depth of penetration into the ground Pg of 7 m. No proVvision
h3s been made for a margin.

©

A{ the junction between a line and substation busbars there will usually be @mimpedange
mjsmatch. This may create standing waves of radio noise on the first few kilometres of tII:e
life resulting in a variation of up to + 6 dB close to the substation. This, is not taken info
agcount in the formulae given above.

NOPTE 1 These limits are derived from the permissible radio noise field strength fora-line.

NQTE 2 The main difficulty in the practical application of this principle is to simulate the service conditions for the

test objects in the laboratory. As mentioned in 6.3 of CISPR TR 18-1:__24, there is at present no agreed procedyre
fo simulating in the laboratory the more common service conditions “but the matter is under consideratign.
Mganwhile, it is proposed that measurements are made on equipméntvin a situation closely related to service
copditions.

Limits for individual items of plant, for example switch disconnectors, circuit breakers, et¢.,
cgnnot be specified in this publication as theseyifems are the responsibility of other bodies.
However, the effect of these individual items, when in their service environment, should be |in
agcordance with the limits discussed above:

[

6| Methods for derivation of limits for the radio noise produced
by insulator sets

6./ General considerations

This document gives general procedures for setting up limits of the radio noise produced by
oyerhead lines and substations. In 5.7, technical considerations are given, with reference [to
lolw and medium frequency broadcast bands, for the coordination of the radio noise producg¢d
by the insulator séts with that produced by the conductors.

The general\principle for this coordination is to design the insulator sets in such a way thjat
their noisercontribution to the overall noise of the line or of the substation is negligible for any
syrface~condition of the insulators. In this respect, a difference of 10 dB between the radio
ngis€ current produced by one span of one phase conductor and that of one insulatpr
agseémbly is considered as being adequate. In addition, following this principle, the noise
current injected into the outgoing lines by the insulator assemblies of a substation should not
increase the intrinsic noise of these lines. To limit any increase to a maximum value of 3 dB,
the radio noise current produced by each insulator assembly within the substation should not

exceed the value Iy = | n/\/ﬁ where [ is the line conductor noise current at the substation
side, n the number of outgoing lines and N the number of insulator sets in the substation.

The above principle is economically justified when the noise level produced by the conductors
is close to the maximum admissible level (e.g. for gradients of the effective voltage greater

23 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
24 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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than 12kV/cm to 14 kV/cm). For lower conductor noise, this principle could be uneconomic
and it could be acceptable that the radio noise produced by the insulator sets prevails in
respect to the noise produced by the conductors. In this case, the limit for the radio noise
current of each insulator assembly is directly obtained from the maximum admissible overall
level of the line.

At present, according to this document and IEC 60437, verification of the radio noise level of
the insulator is only carried out in the standard and reproducible condition of the insulators
being clean and dry.

Since the influence of ambient weather conditions is not the same for conductors a||1d
insulators, radio noise limits for insulators established considering only the clean and dry
cqndition may not guarantee acceptable values for other conditions.

This clause intends to give, on the basis of the results of systematic radio mbise tests [in
different countries on various types of insulators, guidance to take into account the effect jof
the insulator surface conditions in the selection of the radio noise limits of insulator sets. TIe
limits and test procedures suggested are applicable to the cases of insulators to be install¢d
infareas where they will remain clean or slightly polluted. For insulators{in polluted conditionis,
with high humidity and formation of sparks across dry bands, only~some indications about
pgssible remedies are indicated.

6.2 Insulator types

The criteria given in this document are mainly applicable’ to cap-and-pin type insulators, fpr
which more complete information on the influence 6f-surface conditions on the radio noige
performance of insulators is available. Only limitedZdata can be found for long-rod insulatofs
in[the literature. However, it can be assumed that for this type of insulator, the radio noige
problem is generally of little concern in clean and slightly polluted conditions; for heayy
pgllution, the conclusions that will be drawn for cap-and-pin insulators can be generally
applied to long rod insulators.

In| addition, regarding cap-and-pif.‘insulators: for practical reasons, the majority of the
available data refers to single\hsulator units. However, regarding dry conditions, the
difference between the radio noise voltage levels of polluted and clean insulators obtained ¢n
sihgle units is also directly applicable to insulator sets, since the voltage distribution along the
string is determined by thestring capacitances and is therefore not affected by dry pollution.
In|wet conditions, bothAfor<clean and polluted insulators, the differences of radio noise voltage
lepels in comparison with the dry conditions are generally lower for the strings than for the
insulator units considering the better voltage distribution in wet conditions: conclusions on the
above differencés-for insulator units are therefore on the safe side when applied to the
inpulator sets:

6.3 Influeénce of insulator surface conditions

6.3 General

The dependence of the radio noise behaviour of insulators on their surface conditions is made
with reference to the following classification:

— clean insulators: it is an ideal condition in which the insulators remain completely clean,
close to the situation of the present laboratory test according to this document and
IEC 60437;

— slightly polluted insulators: no important dry-bands are present in wet conditions; it is the
most common situation in relatively clean areas after a certain period of service;

— polluted insulators: dry bands are present in wet conditions; it is the situation in service in
polluted areas of various pollution severities.

The analysis of the data confirms that it is very difficult to give general conclusions on the
effects of surface conditions, due to the great dispersion of the results, especially when the
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insulators are slightly polluted, and due to the different behaviour of the different types of
insulators.

Even with these limitations, it is possible to propose some qualitative trends and average
quantitative estimations.

The following general considerations apply both to glass and to porcelain cap and pin
insulators.

G’F-Z—efea'n-msuﬁrvrs
The radio noise level of insulators decreases with the increase of the relative air humidity fpr

al| types of insulators. Figure 13 gives an example of typical trends for individual cap-1and-pin
insulator units; for insulator strings, the influence is more pronounced, considering the
fayourable effect of the humidity, which linearizes the voltage distribution along the string. [In
anly case, the reduction of the radio noise level with an increase of the humidity is mu¢ch
higher for the insulators than for the conductors, for which this reduction is‘hegligible.

In|the presence of condensation without water drops, due to light fog.-6r dew, the radio noige
behaviour of a clean insulator is similar to that of the same insulater at very high humidity (i.le.
90 % to 95 %).

)

The radio noise level of insulators increases in the presence*of water drops on the insulatpr
syrface (due to rain, thick fog or dew, snow, ice). Howéver, this increase is generally lowger
than in the case of conductors (10 dB to 12 dB compared-to 18 dB to 22 dB).

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

B.3 Slightly polluted insulators

nder slightly polluted conditions, the majority of insulator types show radio noise behaviour
4 a function of the relative humidity~similar to that of the same insulators in clean conditions.
bwever, some types of insulators with particular characteristics, such as for high mechaniqgal
tfength or specially designed for-very low radio noise emission in clean and dry conditions,
mpy present a different behaviour. In particular, in the case of insulators designed for with
vgry low radio noise level emissions in clean conditions, a large increase of the radio noigse
lepel at relative humidity_jover 50 % to 60 % was found for some of them, as shown |in
Figure 13.

nTOC O

In|the presence of eondensation without water drops on the insulators, due to light fog or de,
the radio nois€/behaviour of a slightly polluted insulator is similar to that of the same insulatpr
af|very high humidity (i.e. 90 % to 95 %).

In| the ‘présence of water drops (due to rain, thick fog or dew, snow, ice) the radio noige

bghaviour of a slightly polluted insulator does not appreciably differ from that of a cleern
in'-nlo:\i-nr-

oTHTtoT—

As in the case of clean insulators, the radio noise frequency spectrum of slightly polluted
insulators is similar to that of the conductor.

6.3.4 Polluted insulators

For relative air humidity lower than 60 % to 75 %, the radio noise behaviour of polluted
insulators is similar to that of clean and slightly polluted insulators.

For higher humidity or in case of condensation (light fog or dew), the pre-discharge
phenomenon across dry bands produces very high noise levels; these levels are not related to
those found in clean or slightly polluted conditions. They can only be controlled by drastically
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reducing the voltage stress (i.e. by unrealistically increasing the insulator string length or of
the leakage path with respect of that imposed by insulation requirements). Other special
remedies for limiting the leakage current pulses are the use of special insulators (composite
insulators, semiconducting-glazed insulators) or greasing or washing of the insulator surfaces.

In the presence of water drops on the insulators (rain, thick fog and dew), the critical situation
is at the beginning, when the insulator is still heavily polluted: here the predominant
phenomenon is pre-discharge across the dry bands. After a certain time, depending on the
intensity of the rain, fog, or dew and on the shape of the insulator, the radio noise behaviour
tends to that of slightly polluted and clean insulators in presence of water drops.

The frequency spectrum of wet polluted insulators with pre-discharges across the dry-bangs
extends to higher frequencies (up to few tens of megahertz) than in the other cases® thilis
medium frequency and television reception can be disturbed.

G.E Criteria for setting up radio noise limits for insulators
1

6.4. General

Op the basis of the considerations of the previous clauses, the criteria_for setting up limits a;l:d
tepting the insulators shall be established with reference to the different areas in which the
inpulators are to be installed. These areas are:

Type A areas: areas where the insulators remain clean: they are generally characterized by
the absence of contaminating phenomena and frequent natural insulatpr
washing due to rain or high and frequent'dew condensation;

Type B areas: areas where the insulators become slightly polluted: they are generally
characterized by low-intensity ‘contaminating phenomena and by cleaning
agents such as rain or heavytdew condensation that limit the contaminant
accumulation on the insdlator surface so that the formation of partial
discharges across dry bands appears very seldom;

Type C areas: areas in which the insulators become polluted so that the formation of partial
discharges across dty’bands is frequent.

6.4.2 Criterion for insulators to be installed in type A areas

cqordination criteria and“the margin M of 10 dB indicated in 5.7 guarantees an acceptabjle
raldio noise performance of the insulator sets in any atmospheric conditions. Considering the
great influence of-the’ relative humidity, the test should be performed in a limited range [of
hymidity (e.g. 50-%-to 70 %).

For these areas, the present radio noise test on clean and dry insulators is sufficient. T%[e
|

6.4.3 Criterion for insulators to be installed in type B areas

For these areas, the present test on clean and dry insulators, associated with the coordination
critefia. and margins indicated in 5.7, is not in all cases sufficient to guarantee an acceptablle
radio” noise performance of the insulator sets in any atmaospheric conditions: in fact, as
reported in 6.3.4, in the case of very high humidity or condensation, a large increase of the
radio noise level may be found for a few particular types of indicators.

To take account of this fact, it is recommended to maintain the test on clean and dry
insulators which has been defined (see this document and IEC 60437), easy to perform and
well reproducible, but to adopt a wider safety margin that in the case of insulators to be
installed in type A areas.

This procedure could be too conservative for many insulators. For this reason, the choice of
the most appropriate additional safety margin should be made on a statistical basis taking into
account the reciprocal radio noise behaviour of conductor and insulator in the various surface
and ambient conditions along with the frequency of occurrence of each condition for the line
under consideration. As guidance, considering the most common types of insulators and with
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reference to an average moderate climate, an additional safety margin M of 8 dB (18 dB in
total) should be adequate for high-voltage lines and substations.

The possibility of introducing an alternative procedure, consisting of a test on slightly polluted
insulators at high humidity (75 % to 90 %) was also considered. It is not recommended
because it requires a new test procedure to be set up, which is difficult and expensive. It is, in
fact, difficult to obtain in the laboratory a reproducible pollution layer duplicating the natural
light pollution taking into account the fact that the radio noise level depends on the
distribution of the pollution deposit; in addition, it would be necessary to perform the test in a
climatic room, in order to maintain the relative humidity in the required range. Some attempts
hgve been made to perform the test on insulators artificially polluted with slurry whic¢h
mpintains its humidification during the test: for light pollutant layers, this procedure‘fs,
hgwever, quite complex and requires very sophisticated methods of pollution application. Fpr
these reasons, tests on slightly polluted insulators can only be considered faf) réseargh
pyrposes.

6.4.4 Criterion for insulators to be installed in type C areas

For these areas, the present radio noise test on clean and dry insulators does not give any
indications of the radio noise behaviour of the insulators in wet and-polluted conditions. Fpr
these conditions, a specific test on artificial heavily polluted insulators should be considered.
It|is, however, difficult to control the radio noise level of wet polluted insulators, whi¢h
depends on the design of the insulators, the type of deposit‘and the non-uniform distributipn
oflthe pollution deposit on the insulator surface and along_ the string.

In| 6.3.4, possible remedies have been indicated, which' may involve drastic reduction of the
vqltage stress, use of special insulators, greasing or>washing.

6.5 Recommendations

In| the light of present experience, it is possible to give the following recommendatiops
(Tlable 3) for test methods and radio noise limits to be applied to insulator sets to be install¢d
in[the different areas defined in 6.4.

It is worth remembering that the.recommended procedure consists in tests on clean and dfry
inpulator sets, both for insulators to be used in areas where they will remain clean (type|A
areas), and for those to/be/used in areas where they will become slightly polluted (type|(B
areas). The only differenee is that lower limits of the radio noise voltage are required fpr
inpulators to be installed’ in type B areas.

For the evaluati@n of these limits, the margin M indicated in 6.4 between the total electric figld
strength level E; produced by the conductors and the total field strength level E; produced by
the insulator,'sets of the line is applied (M =10dB and M =18 dB, for insulators to be used [in
type A and.'type B areas, respectively). The relationship between the total field strength level
Ej produced by all the insulator sets and the radio noise current level /; produced by a single
inpulator set is given by the following simplified equation (Equation (6)) of 6.2.2.2 |of

C PP T 40 4. 25\ .
O I\ I\ 1TO~1T. 10

E =1l +A+(D-101g (s/500)) + C in dB(uV/m)

where

A takes into account the splitting of the injected current / on either sides of
the injecting point (in the most common case, for a relative long line, A =
-6 dB);

25 uUnder preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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(D -101g (s/500)) takes into account the aggregation of the noise source along the line for

e(

Si
in

the resulting voltage level Vis

ar

Table 3.

Tlable 3 — Recommendations for the radio noise voltage limits and for the test methodp

span lengths s in metres, at a length of 500 m (average values of D lie
between 10 dB and 12 dB);

is the field factor that gives the correlation between the levels of the
noise field strength and the noise current (at a direct distance of 20m
from the line and for an average line configuration, C lies between 7 dB
and 12 dB);

is given in dB(pV/m), and /g in dB(pA).

uation, and a span length of 500 m,

Ig=E =17 in dB(uA).

nce it is used to express the radio noise current level /g, produced by a single insulator set
terms of the radio noise voltage level V in dB(uV) produced across a resistance of 300 {2,

V=1l +201g (300) = E, +33=E,— M+33 indB(iV)

d this relationship originates from the radio noise voltage limits indicated in the following

for insulator sets installed in different areas

ype of area where the insulator Radio noise voltage limits Test methods

will be installed (Clause 4) QP detectof according to

CISPR 16-1-1
(in dB(V) across 300 Q)

A E.+23 According to this document and
IEC 60437
E +15 (on clean and dry insulators)

Indications for limits and test procedures applicable to insulators to pe
installed in type C areas cannot be given at present. Possible remedies,|in
the case of non-acceptable radio noise levels, are: the reduction of the
voltage stress by means of longer insulator strings, or leakage paths; the
use of composite insulators; the greasing or periodic washing of the
insulator sets.

Ec
ou

= 50 % fair-weather radio noise voltage level produced by the conductor at the direct distance of 20 m from the
ter phase of thedine in dB(uV/m)

N(
ad

Fqg

TE 1 The limits reported are applicable to lines characterized by conductor noise level close to the maximym
Imissiblevlevel (voltage gradients higher than 12 kV/cm to 14 kV/cm).

r {ines of special design (having particularly low conductor noise), the direct application of the limits indicated

CO

llddead to uneconomical requirements for the insulators: to avoid this, the equation could be utilized also der

these lines provided that if E_ is intended not as the conductor noise of the line under consideration, but the one
produced by the conductors of a line of the same category (voltage level, tower geometry, region, etc.) with normal

co

nductor design.

NOTE 2 The values apply to line insulators; similar approaches can be applied to substation insulators in respect

to

the noise in the substation itself and the noise conducted into the outgoing lines.
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7 Methods for derivation of limits for the radio noise due to HVDC converter
stations and similar installations

71 General considerations

There are principally two different sources of radio noise generation in HVDC converter
stations and similar high-voltage installations, such as static var compensators (SVCs),
incorporating thyristors, IGBTs or other switched valve devices in their operation. The
converter type utilizing thyristors is termed ‘line commutated converter (LCC), the type
utilizing IGBTs is termed ‘voltage sourced converter’ (VSC). IGBTs (insulated-gate bipolar
transistor) is one of the switched valve devices in use, mainly for VSC type converterAFpr
cqgnvenience, the term IGBT is used throughout this document to refer to the'mqin
sgmiconductor switching device. First, corona discharges on conductors, insulators, and
hagrdware cause noise, similar to that in AC systems. This corona noise can be eaSjly held o
agceptable levels by proper electrical design of the busbars and hardware in)>the station.
S¢cond, the converter or control valves cause interference due to the rapid breakdown of the
vqgltage between two main terminals during valve firing. This noise, unlike nois€ due to corona,
is[independent of weather but is influenced by the characteristics of the-converter equipmejnt
and by the valve operating conditions.

Wiithout any suppression measures, the radio noise level from the converter or the control
vglves could be intolerable and it is, therefore, necessary to reduce this level to an acceptabfle
vdlue with appropriate methods like those indicated in 7.3.3 and 7.4.2.

An evaluation of the radio noise radiated directly by aconverter valve can be performed by
means of the analytical calculation methods proposed’in the literature [34], [35], [36], [3T].
Reference [34] also gives methods of calculating th€ high-frequency oscillations in the statiopn
4ing simplified equivalent circuits.

[

The disturbance levels shown in Figures\t5 to 22 are not to be considered as typidal
reference values. They are simply given as examples of the influence of the differgnt
p3drameters considered (distance from thé station, technology of the valves, etc.) on the levdls
ofldisturbance.

7.2 Sources of interference

7.2.1 Mechanism of radio noise generation

An HVDC converter station with LCC is generally made up of several converter groups. Ea¢h
one of these groups~ normally comprises six valves (thyristor valves and also mercury afc
vdlves in the past) fired cyclically at the power frequency. For obtaining higher voltagds,
sgveral bridgés-may be connected in series per pole. The bridges are connected to the
cqnverter transformers on the AC side, and to the smoothing reactors on the DC side. A large

are not descrlbed here. There are two types of VSC valve at th|s time when this document is
written:

— VSC valves of the “switch” type: These valves consist of many series-connected IGBTs all
of which act simultaneously and function as a switch which has only two states, ON and
OFF.

— VSC valves of the “controllable voltage source” type: In valves of this type, the DC
capacitors form integral part of the valves. The valve consists of many series-connected
cells which act individually, which results in a “controllable voltage source”.

The HVDC converter station with VSC valves of the “switch” type typically consists of an
interface transformer on the AC side along with six valves, smoothing reactors and DC
capacitors on the DC side.
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The HVDC converter station with VSC valves of the “controllable voltage source” type
typically consists of an interface transformer on the AC side, six valves and phase reactors,
DC reactors on the DC side.

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

Dyring the normal operation of LCC schemes, each valve is turned on and off once’\per
alternating voltage cycle. The valve firing thus occurs 6 times per cycle of the~powgr
frequency for a 6-pulse converter or SVC installation, and 12 times for a 12-pulse convertgr.
The attenuation of the high-frequency currents generated by valve firing is so rapidithat ea¢h
pdylse can, from a radio noise standpoint, be considered fully damped before additional puls¢s
from other valves are injected in the system. For this reason and due to the spread in the
firing angles (even that valves in different groups have the same transfofmer connectiong),
the total radio interference level generated is not significantly different from that generated by
a pingle valve.

The switching times during both turn-on and turn-off are very smalk-typically on the order offa
few microseconds. Thyristor valves, when fired, may have a voltage collapse time of up [o
28 us, compared with 1 us for mercury arc valves. The reason for this is the use of valye
refactors within the thyristor valve and the fact that the ‘thyristor valve is composed of|a
nymber of thyristors connected in series. As a conSequence, the generated noise is [in
principle lower for thyristor than for mercury arc Yvalves. Figure 14 shows the frequengy
spectra, recorded in the laboratory, of two transient, phenomena of the same amplitude with
rige times of 1us and 25 us (average values for mercury arc and thyristor valves,
rejspectively).

Duyring the normal operation of VSC schemes, each valve is turned on and off under the
frequency of several kHz for valves of the “switch” type and some hundred Hz for valves [of
the “controllable voltage source” type.

TiLe typical switching times of\IGBT are around 0,1 pus at turn-on and 0,5 ps at turn-off apd
they are faster than that of(thyristors. This fast switching time and higher switching frequengy
mpy increase the noise level of the VSC HVDC converter station compared to the LCC HVOC
cqnverter station. Whenycomparing the VSC valves of the “switch” type and VSC valves of the
“cpntrollable voltagetsource” type, the latter emits less noise because the switching frequengy
is|[much lower and-the number of IGBTs which act simultaneously is smaller [44].

Dilring both turn-on and turn-off of the valve, transient voltages and currents appear in the
system as’aresult of the redistribution of the energy stored in the reactive elements beforela
ngw steady state is reached. During turn-off, most of the energy is stored in the inductance jof
thsr transformer windings. Thus, the transition to the new steady-state condition is achieved

egsentially at the relatively low natural frequencies of the transformer and the system. During
turn-on, however, the energy to be redistributed is stored essentially in the various stray and
lumped capacitances. This produces a rather complex system of oscillations whose spectrum
depends not only on the amplitude and shape of the voltage collapse across the valve, but
also on the layout of the connections and equipment connected. The noise spectrum extends
in frequency up to a few megahertz.

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

As anticipated, the radio interference generated is influenced by the steepness of the valve
firing voltage. For this reason, the radio noise level generated by thyristor valves will be lower
than that produced by mercury arc valves.

Besides the amplitude of the voltage collapse at the valve firing and the time of this collapse,
the noise from the valves is primarily influenced by the height and capacitance to ground of
individual valves. The radio interference has therefore a tendency to increase by the voltage
and current rating of the valves as an increased rating means increased valve size. On the
other hand, the noise is little influenced by the number of operating valves in a station. IHis
hgs also been confirmed by measurements in operating converter stations.

The switchyard layout and the height and length of the busbars also have alsp:a great
influence on the generated disturbance. A compact design of the switchyard Will therefofe
hgve favourable effects on the radio noise generation. A practical solution consists of moving
the converter transformers into the valve hall and using the transformer bushings as valve hall
byshings. This solution lowers the radio interference significantly because the radiating logp
bgtween valves and transformers is small as it is entirely) located inside the
elpctromagnetically screened valve hall. Additional reduction of thé-padio interference frgm
cqnnecting lines could be achieved if for example the converter' transformers would be
equipped with grounded electrostatic screens between the two windings.

Oll-cooled thyristor valves will require a metallic tank. In~this case, the valve circuits will Ee
effectively screened electromagnetically, and the .xadio interference problem will
significantly reduced.

7.8 Radiated fields from valve halls
7.5.1 Frequency spectra

Examples of frequency spectra due to’direct radiation from a converter station are given |in
Figures 15 and 16 for converter stations equipped with mercury arc and thyristor valves,
respectively. No qualitative differences can be discerned between the radio noise spectfra
generated by mercury arc and thyristor valves converters.

7.B.2 Lateral attenuation

The interference from the valve hall is dominated by direct radiation from the converter valves
and their connectiois/to other equipment. The physical size of the radiating loops is small
cgmpared to the-wavelength of the noise in the range of frequencies of interest (0,15 MHz to
3Q MHz). Therefore, the converters can, from a radiation standpoint, be treated as vertidal
electrical dipoles (with a pure capacitive radiation impedance). As a first approximation, the
analyticakSequations derived from antenna theory can be used to predict the lateral
attenuation from the valve hall.

i . f 1 : ¥ . ! . . f 1 "
the distance for frequencies up to 1 MHz and becomes proportional to the inverse of the
distance for higher frequencies (>10 MHz).

The attenuation of the radio interference levels calculated as a function of the distance is
given in Figure 17 for different frequencies.

7.3.3 Reduction of the radio interference due to direct radiation from the valve hall

The electromagnetic screen of the valve hall has proved to be effective for reducing the
radiated noise level from the converter valves. Solid metallic sheets, perforated sheets, and
wire mesh may be used to achieve the desired shielding. However, due consideration should
be given to the construction techniques, availability of materials, and overall cost before the
design of the valve hall can be finalized.
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Metallic screens in the form of either solid plates or wire mesh, having a high conductivity and
preferably also high permeability, are typically used in the walls and ceiling of the valve hall to
provide the electromagnetic shielding. Together with the wire-mesh ground grid embedded in
the floor, they form a Faraday cage around the valves. By taking appropriate precautions to
ensure good contact between different sections forming this Faraday cage, the radiated
interference can be attenuated by 40 dB to 60 dB. Any discontinuities, gaps or holes in the
shielded enclosure will naturally reduce the attenuation.

The connections between the valves and the AC and DC sections of the outdoor switchyard
provide a conductive coupling resulting in a radiation from the busbars and the various
elbments in the switchyard itself. This radiation may thus become much more important_than
that from the valve hall and thus the screening of the valve hall may not be sufficient [to
aghieve the requirements on the radiated field strength from the converter station. In)'such|a
cdse also the radiated field strength from the switchyard shall be reduced. To do this.at lealst
two ways are possible. The first is to reduce the noise level coming through the valve hall
byshings by installing filters. Another is to screen the entire switchyard electromagnetically.| If
ngise reduction within a narrow bandwidth is required, the first method is¢shormally adopted.
T¢o make the filters more effective, they may be enclosed with the valve, hall bushings in an
electromagnetically screened building adjacent to the valve hall.

7.|‘41 Conducted interference along the transmission lines
1

7.4. Description of the mechanism and typical longitudinal profiles

Radio interference currents are transmitted from the converter valves both to the DC and fo
the AC lines connected to the converter station. Inithe case of the AC lines, the high-
frequency currents are conducted through the ¢apacitive couplings of the converter
transformer windings. A grounded shield between”windings could be used to reduce tHis
transfer.

The radio interference spectra due to currents injected by converter valves have a shaIe
similar to those generated by corona.*An example of a noise spectrum measured near an
HYDC line at a short distance from a“eenverter station is shown in Figure 18 and in Figure 19
for an AC line. Figure 20 gives thé noise spectrum measured in the vicinity of the electrodle
line, at a distance of 1,5 km from-the same converter station operated with thyristor valvées
and mercury valves.

found to be dominated by the zero sequence component of the currents. The attenuation fof
thjs component is_very high compared to that of line-to-line modes and therefore the radio
ngise level at a.gQiven distance from the line decreases rapidly with distance from the
cqgnverter stationv/At greater distances, the line-to-line mode components will dominate. As|a
cqnsequencéjy-the radio interference due to the valves is overridden by corona noise [t
diptances.Sexceeding 5km to 10 km from the converter station. For AC lines, t:l:e
cqrresponding distance is somewhat longer. As a guide, an attenuation rate for the
lohgitudinal profile of the radio noise equal to about 4 dB/km can be assumed [13], [14], [45]

Trlv-‘e radio interference caused by the valve noise currents on the outgoing lines has beg¢n

Frequency spectra measured along a DC transmission line at different distances from the
converter station are given in Figures 21 and 22. It has to be remembered that in the
measurements performed in the vicinity of the first spans, the contribution of the direct
radiation from the converter station cannot be disregarded.

For the evaluation of the lateral attenuation of the radio noise from the line, see 8.6 of
CISPR TR 18-1:__ 26,

26 Under preparation. Stage at the time of publication: CISPR/RPUB 18-1:2017.
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7.4.2 Reduction of the interference conducted along the transmission lines

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

Band-pass filters made of capacitors and inductors (generally with resistive dampers) shall
take into account the stray capacitances and inductances of the bus connections and
equipment. If filtering were necessary even in the frequency range above 1 MHz, simple filtelrs
cdn be implemented consisting of a single conductor parallel to the line whose length
cqrresponds to a quarter of the wavelength of the frequency to be protected. ltyshould,
hgwever, be noted that such filters allow for the protection of only a limited® band [of
fréquencies.

7.6  General criteria for stating limits
7.5.1 Overview

In| the case of HVDC converting stations, as for the radio interference from transform'Fr
sthtions, the assessment of general criteria for determining limits Shall take into account the
two propagation ways of the noise:

—| direct radiation in the area around the converting station;
—| propagation of the noise along the DC and AC lines\starting from the converting station.

NO®TE In limited areas close both to the converter station.and’to outgoing lines (these areas are within 1 km|or
2 km at the most from the border of the converting station),"there is a superposition of these two noise propagatipn
mechanisms. The net effect of this superposition is difficult to predict. If it is deemed necessary to cover this
aspect, an additional margin could be added to the limitfor the radiated field.

7.5.2 Direct radiation

The radiated field strength at a reference distance from the border of the converting statipn
should be limited according to the Criteria indicated in Clause 5 of this document, which takes
info account an acceptable signal to noise ratio (SNR) and the statistical distribution of the
ngise level. To this purposg, it should be reminded that the radio noise produced by converter
sthtions is not correlated,)as corona noise, to the weather conditions. The reference 80 [%
vdlue can be derived from a statistical distribution where the variability is determined by the
different possible conditions of operation of the converter station (functioning as inverter pr
rectifier, firing and@xtinction angles, level of the direct voltage, etc.).

In| practice,~in"the very frequent case of an HVDC converting station operating for more than
80 % of thetime at conditions close to the nominal conditions, the 80 % radio noise level Will
cqincide-with that of nominal operating conditions.

7.53—Propagationalong-the-lines

The basic criterion is that the contribution of the radio noise current due to the operation of
the converting station in each line, DC and AC, connected to the station, shall not
substantially increase the intrinsic noise level of the line beyond a given distance from the
station. This distance should be determined considering the type of area crossed by the line
(rural areas, residential area, etc.). To keep this increase within 3 dB at the above-mentioned
distance, the noise current level arriving in that point from the converting station should be
around 10 dB lower than the noise current level of the line.

The noise current value from the converter station at the distance of interest along the line
corresponds to the total noise current value produced either on the AC side or on the DC side
of the station divided by the number of AC and DC lines, respectively, diminished according to
the expected longitudinal attenuation from its injection point to the point of observation at the
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line. Unless more specific information is available, the longitudinal attenuation factors
indicated in 7.4.1 can be taken as a reference.

To determine the 80 % limits of the radio noise current generated by the converter station, the
variability of the noise currents of the line (depending on weather conditions) and that of the
converter station (depending on the operating conditions; see 7.5.2) shall be taken into
account. As the variability of the intrinsic noise of the line is generally much higher than that
generated by the station, the limit for the station noise current level can be determined
conservatively comparing directly the 80 % values of the two distributions.

B;lased on the above indications, the 80 % value of the noise current level from the convertilhg
stption, /gg o, _cs, May be put in relationship with the 80 % value of the level of the line, dggo |, ,
bgth expressed in dB, by means of the following equation.

I8O %-CS = /80 %-L +A+ 20 |g(n) - 10 in dB(l,lA)

where
n| is the number of DC or AC lines;

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

S

To¢ verify that the radio interference level at a given lateralldistance from the line compligs
with the criterion indicated above, the measurements should be performed at a longitudinal
distance from the border of the converting station sufficient to avoid the superposition effdct
megntioned in 7.5 (more than 1 km, e.g. at 2,5 km).
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8 Figures
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Figureyt ~ Transformation of pulses through a CISPR measuring receiver
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Figure 9 — Arrangement for calibration of the standard test circuit
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Figure 13 — Example of radio noise voltage level V, as a function of the relative air
humidity R.H., in clean conditions and slightly polluted conditions, of a
standard insulator (-—) and a particular type of "low noise" insulator (- — -)
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Both insulators are glass cap-and-pin insulators of the same class (U120 BS as in IEC 60305
[8]). For each insulator type, one single unit was tested at a voltage of 14 kV.
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See reference [39].

Figure 14 — Example of frequency spectra of pulses with different rise times,
simulating commutation phenomena in mercury valves and in thyristor valves
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Figure 15 — Example of frequency spectraof the radio interference recorded
olitside the hall of a mercury arc valve converter station with and without toroidal filters
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Figure 16 — Example of frequency spectra of the radio interference recorded outside
the hall of a thyristor valve converter station for different operating conditions
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Figure 18 — Example of frequency spectrum of the'radio interference in the vicinity
of a DC line (30 m) at a short distance from the converter station
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Figure 19 — Example of frequency spectra of the radio interference in the vicinity
of an AC line (20 m) at a short distance from the converter station
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Figure 20 — Frequency spectra of radio interference at 20 m from the electrode line
at 1,5 km from the Gotland HVDC link in Sweden with mercury arc groups
or thyristor groups in operation
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Figure 21 — Frequency spectra of radio interference.at)20 m from the electrode line
at 1,5 km and 4,5 km from the Gotland HVDC link in Sweden
with mercury arc groups inoperation
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Figure 22 - Frequency spectra of the radio interference recorded along a 200 kV DC line,
at 20 m from the conductor, at different distances from the converter station
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