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Foreword G

This revision of BS 5049 has been prepared under the direction of the General Electrotechnical
Engineering Standards Committee. It supersedes the 1973 edition, which is withdrawn. It is
technically equivalent to clause 1 ‘Measurements’ of CISPR Publication 18 ‘Radio interference
characteristics of overhead power lines and high-voltage equipment’, Part2: 1986 Methods of
measurement and procedure for determining limits’, published by the International Electrotechnical
Commission (IEC). For ease of production the IEC text has been used.

Cross-references

The Technical Committee has reviewed the provisions of CISPR Publications 16, 18-1 and 18-3 and
IEC Publication 437, to which refefence is made in the text, and has decided that they are acceptable
for use in conjunction with this standard. A related British Standard to CISPR Publication 16 ‘CISPR
Specification for radio-interference measuring apparatus and measurement methods’ is BS 727
‘Specification for radio-interference measuring apparatus’. It should be noted that CISPR
Publication 16 contains information not given in BS 727, and that the measuring set described in
BS 727 is in accordance with that in CISPR Publication 16.

Textual error. When adopting the text of clause 1 of CISPR Publication 18-2, a textual error was
discovered. A change has been made to 3.4 and the error has been reported to IEC in a proposal to
amend the text of the CISPR publication. ‘
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British Standard Methods for

Measurement of radio interference characteristics
of overhead power lines and high-voltage equipment

1. Scope

This British Standard gives methods for measurement of radio noise from overhead power
lines and equipment for operation at 1 kV and above which may cause interference to radio
reception, excluding the fields from power line carrier signals.

The frequency range covered is 0.15 MHz to 300 MHz.

Radio noise limits and measurement voltages are not specified. These are specified in the
appropriate apparatus standard or agreed between the purchaser and the manufacturer. ‘

2. Measuring instruments
Response of a standard C.L.S.P.R. measuring set to a.c. generated corona noise

N

C.L.S.P.R. Publication 16 specifies the response characteristic of a measuring set to
periodically repeated pulses, according to their repetition frequency, for a number of
measuring sets of differing frequency range and bandwidth including the range 0.15MHz to
30 MHz and a bandwidth of 9 kHz.

Figure 1 indicates the form these pulses take as they progress through the various stages of the
measuring set. However, in the special case of corona pulses generated by high-voltage a.c.
power systems, the individual pulses are not equally spaced throughout a cycle but occur in
closely packed groups or bursts around the peaks of the voltage waveform. A burst has a
duration not exceeding 2 ms to 3 ms and this is followed by a quiescent no-corona period.

Owing to its inherent time constants, a C.I.S.P.R. measuring set is unable to respond to '
individual pulses within a burst, which is seen as a single pulse whose amplitude is discussed
below.,

Hence, the pulse repetition frequency, in the meaning of the C.I.S.P.R. definition, is
constant at 2 f (where f is the power system frequency) for single phase and 6 f for three-phase
single or 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 bursts of lower amplitude noise during each period of 1/1.

Also. in the measurement of the radio noise field in the close vicinity of an operational line,
the measuring set aerial is not located at the same distance from all the phase conductors. Then
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 C.1.S.P.R. characteristics and are given in Clause 2
of C.I.S.P.R. Publication 18-3: Radio Interference Characteristics of Overhead Power Lines
and High-voltage Equipment, Part 3: Code of Practice for Minimizing the Generation of Radio ‘
Noise. It should be noted that the loudspeaker of a radio receiver, and consequently the
listener, perceives the overall generated noise.
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‘ To examine the response of the C.1.S.P.R. measuring set 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/B, or0.22 ms for 9 kHz. When there is a large number of pulses distributed at random withina
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 mathematically, 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 levels were expressed in r.m.s. values.

2.2 Other measuring instruments

Measuring instruments differing from standard C.L.S.P.R. instruments are referred to in
Appendix A although measuring apparatus having detectors other than quasi-peak are
referred to in C.1.S.P.R. Publication 16.

3. C.LS.P.R site measurements — 0.15 MHz to 30 MHz range
‘ 3.1 Measurement frequency

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. The frequency of 0.5 MHz (or 1 MHz) is preferred because, usually, the level of radio
noise at this part of the spectrum is representative of the higher levels and also because 0.5 MHz
lies between the low and medium frequency broadcast bands.

Because of the possibility of error due to the presence of standing waves, it is inadvisable to
rely on the measured value of the radio noise field at a single frequency but to draw a mean
curve through the results of a number of readings throughout the noise spectrum. Measure-
ments should be made at, or near, the following frequencies: 0.15, 0.25, 0.5, 1.0, 1.5, 3.0, 6.0,
10, 15 and 30 MHz although, clearly, frequencies at which interference to the wanted noise is
received, should be avoided.

3.2 Aerial

The aerial shall be an electrically-screened vertical loop, whose dimensions are such that the
aerial will be completely enclosed by a square having a side of 60 cm in length. The balance shall
‘ be such that in a uniform field the ratio between the maximum and minimum indications on the
measuring equipment when the aerial is rotated shall not be less than 20 dB. The base of the
. loop should be about 2 m above ground. The aerial 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. -

The measurements may be carried out using a vertical rod aerial although this method is not
preferred because of the higher instability of the electric component of the radio noise field and
because of possible electric induction effects from the power-frequency voltage.

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

3.3 Distance of measurement

It is necessary to determine the lateral profile of the radio noise field. For purposes of
comparison, the reference distance defining the noise level of the line shall be 20m. The
distance shall be measured from the centre of the loop to the nearest conductor. The height of

‘ the conductor above ground should be noted. If the field is plotted as a function of the distance
using a logarithmic scale, a substantially straight line is obtained. Under these conditions, the
field at 20 m is readily obtained by interpolation or extrapolation (see Flgurﬁb cuments
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3.4 Position of measurement
To 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
interference is being carried out.

Measurements should be made at mid-span and preferably at several such positions.
Measurements should not be made near points where lines change direction or intersect.

Sites at abnormal altitudes should be avoided. The measuring site should be flat, free from
trees and bushes and be some distance from large metal structures and from other overhead

power and telephone lines.

Ideally the measuring site should be at a distance greater than 10 km from a line termination,
in order to avoid reflection effects and consequently inaccurate results, but lower voltage
distribution lines are sometimes too short to enable this condition to be met. However, the
results of measurements indicate that the level of the radio noise field in the absence of
reflections corresponds to the geometric mean of the maximum and minimum values, in
microvolts per metre (1V/m), of the frequency spectrum from a line subjected to reflections.

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. Measurements
under rain conditions will be valid only if the rain extends over at least 10 km of the line on
either side of the measuring site.

3.5 Additional information to be given in the report
To ensure that extraneous interference is not influencing the measurement of the levels of
the line radio noise field it may be necessary to measure the noise levels with the line de-
energized.
When the results of the measurements are reported, as much relevant information as
possible should be given on the line and on the conditions under which the measurements were
carried out.

Appendix B gives a list of such information.

4. C.IS.P.R. laboratory measurements
4.1 Introduction

This clause gives the method to be used for the measurement, in a laboratory or test area, of
radio noise generated by items of plant and components used on high-voltage lines and in
substations, such as circuit-breakers, bushings, insulators and fittings. This method is valid
for type tests and for routine or sample tests and also for investigational tests.

It is usual practice to carry out laboratory measurements of radio noise in a prescribed test
circuit by measuring conducted quantities (current or voltage) and not the emitted field.

Furthermore. the selection of test conditions should be based on the following principle:
ideally. the measurements should be made with the conditions and circuit simulating, as far as
possible. actualservice conditions and, if necessary. the most severe conditions likely to occur for
the type of apparatus tested. Before the establishment of a reliable method of radio noise testing
in a laboratory, reliance was placed on the voltage at which inception or extinction of visual
corona occurred on the test object. The voltages so determined were very dependent on the ob-
server and this method is now being replaced by the laboratory measurements described below.

4.1 State of the test object

It is well known that radio noise levels produced by high-voltage equipment are very
dependent on the state of the surface of the item of equipment. In laboratory tests. the state of a
particular testobject should consequently be clearly defined with regard to the following aspec

a) new or already used:

'ﬁocuments
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b) clean or slightly polluted; the nature of the pollution should be specified;
¢) 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
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, in order to be as
close as possible to the practical conditions, that the tests be performed on adequately polluted
and wet samples, at the 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 might affect the surface.

Unless otherwise stated, test conditions described in this clause are valid for used, wet and/or
polluted objects as well as for new, clean and dry objects.

4.3 Testarea

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 object. Circuits, for example power and lighting, entering
the screened test area should, ideally, be filtered so as to avoid the introduction of radio noise
present in the environment (see Sub-clause 4.11).

If a screened room is not available, the tests may be carried out at any place where the

background noise level is sufficiently low.compared with the levels to be measured (see Sub-
clause 4.11),

4.4 Atmospheric conditions

The normal reference atmosphere for tests described herein is:
— temperature: 20°C;
— pressure: 1.013 X 10° N/m? (1013 mbar);
— relative humidity: 65%.

However these tests may be performed under the following atmospheric conditions:

— temperature: between 15°C and 35°C;
— pressure: between 0.870 X 10° N/m? and 1.070 x 10° N/m? (870 mbar and 1070 mbar);
— relative humidity (for tests on objects in the dry state): 45% to 75%.

In the case of investigational tests, other conditions may be selected according to the test
objective.

When tests are made on a dry object, it shall be in thermal equilibrium with the test area
atmosphere to avoid any condensation on the surface of the object.

As far as the radio noise levels generated by a test object are concerned, the effects of
changes in atmospheric conditions, within the above limits, from the normal reference
conditions 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 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, an
interference currents fom other sources present in this high-voltage corne:tiorb@ﬁum{@mis
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