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Abstract: - In the paper characteristic features of the corona noise from UHV transmission lines have been distin-
guished, which can be useful for the noise measurement under high level interference conditions. The utility of statis-
tical methods in elimination of typical environmenta interference has been shown, particularly methods based on the
measurement of statistical spectra. The effect of inaccurate determination of fair and bad weather conditions periods,
and the presence of tonal components in the corona noise spectra on the result of long-term level calculation has been

also discussed.
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1 Introduction

The overhead Ultra High Voltage (UHV) transmission
lines are sources of adverse environmental effects, what
is often the reason of numerous complaints from the
local population concerning their presence. In most
cases the complaints consider the effects related to the
corona process, in particular the radio frequency inter-
ference and audible noise. The corona process, and thus
al so the accompanying processes, essentially depend on
the atmospheric conditions, in particular the precipita-
tion occurrence. Therefore UHV lines emit intensified
noise during so called bad weather conditions, among
which rainfall, wet snowfal, fog and high air humidity
areincluded.

In a properly designed transmission line during fair
weather conditions (i.e. when the are dry) the corona
process should not take place, because the maximum
conductor surface gradient is most often about 15-17
kV/cm, while the critical value (at which the corona
process starts) is about 19-20 kV/cm. However during
the bad weather conditions the critical value falls down
even to 10-12 kV/cm [2], which is much below the
maximum value of the "working" electric field. As a
result an intensive corona process is started. During
fair atmospheric conditions the corona process is ob-
served for significant surface irregularities, caused by
contamination’s or insect carcasses on the surface,
scratches or delaminations etc., and then the noise of
the UHV line can be clearly audible [3,7], sometimes
even obnoxious. Depending on the environmenta con-

ditions the corona noise at the distance of 30 m from
the lateral conductor of a 400 kV power line can be
predominantly found in the 35-55 dB (A) range.
Audible noise generated by corona may be considered
to be composed of two maor components: (1) the tonal
components ( hum noise)- the second and higher har-
monics of the AC power frequency - and (2 ) the broad-
band noise component in the band above 500 Hz [1].
The broad-band component that has significant high-
frequency content distinguishing it from more common
environmental noises. While the noise component is
rather stable, the tonal component exhibit considerable
fluctuations both in space and time [5], even up to 20
dB. Additionally, not al AC corona modes [1] create
random noise and hum in the same proportion. In dif-
ferent weather conditions the relative magnitudes of
random noise and hum may be different. For example,
in rain, the broad-band component generally dominates,
whereas under conditions of conductor icing a high,
100 Hz hum component may be accompanied by a
relatively low level of broad-band noise. This is the
reason of certain problems with their measurement. On
the other hand the tonal components, according to 1SO
1996 standard [6], are accounted for in the noise
evaluation by introducing a 3 or 5 dB correction to the
measured noise level.

Another item is the problem of the environmenta dis-
turbances, which are often hard to eliminate using clas-
sica methods[3,7].
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In the present work the influence of potential errors,
related to the above mentioned effects, on the final
result of the long-term levels calculations has been
analyzed.

Because of seasona variation of the weather phenom-
ena long-term levels should be taken as a basis for the
noise assessment, according to the 1SO 1996 standard.
Also the Polish Standard PN-N-01339 [5] introduces
the long-term values as the basis for the assessment. On
the other hand in the American Standard IEEE Std 656
[4] the night-day levels are taken as basis for evalua-
tion. However even if the introduction of both the long-
term and night-day levels makes the evaluation more
uniform, it does not allow the elimination of errors
related to the evaluation of actual periods of bad and
fair weather conditions, the effect of environmenta
interference and the fluctuation of tonal components.

2 Experimental studies

Experimental studies has been used as a basis to distin-
guish characteristic certain corona noise spectra com-
ponents, which can be useful in the process of elimina-
tion of environmenta interference. The studies have
been carried out in vicinity of a 400 kV transmission
ling, in three primary transmission layouts used in Po-
land: the line with a 2x225 mm? conductor bundle (sin-
gle and double circuit) and the line with 3x350 mm?
conductor bundle (double circuit). The studies have
been carried out in various atmospheric conditions,
totally in more than 80 points.

The signa has been register using a DAT recorder, and
the RTA 840 Norsonic spectrum analyser has been
used for the spectral analysis.
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Fig.1.Typical corona-noise spectrain 1/3 octave bandsin
various weather conditions.

Typical noise spectra in 1/3 octave bands measured in
various weather conditions are shown in Fig.1.
In the presented spectrograms both the tonal compo-
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Fig.2. Time dependence of the corona noise A-
weighted sound level with visible interference effects.

nents and the broad-band noise component can be no-
ticed. The broad-band noise is shown beginning at
about 500 Hz and extending up in frequency. T

he roll-off of the broad-band frequency noise above 10
kHz results from the increasing effect of air absorption
of said energy with frequency [1]. The 100 Hz hum
components from each phase of a power line are pure
tones and cannot be considered uncorrelated. The hum
at given location is the result of addition in magnitude
and phase of direct and ground reflected pressure
waves from each phase.

Examples of time variations of the noise level (A) with
clearly noticeable disturbances, measured in various
weather conditions, are shown in Fig.2.

3 Analysisof the effect of assumed
methodology on the measurement re-

sult
Increased interference level conditions. The distin-
guished characteristic features of the corona noise en-
able the application of appropriate measurement meth-
odology leading to reduction of measurement errors,
resulting from the interference and often rather small
distance between the measured signal and the ambient
noise. One of such methodologiesis the application of
statistical levels (percentiles). Exemplary results of
application of statistical levels ( exceedence levels) for
evaluation of the sound level (A) for the corona noise
has been shown in Fig.3. The characteristics shown
there denote respectively: Laeqre - the "reference” level,
measured in zero interference conditions, Lay - the
stetistical level measured directly on the A filter; Lago
- statigtical level determined from the statistical spec-



tra. The percentile values in both cases have given the
results closest to the reference level Laegre Laegave
denotes the noise level measured in the presence of
interference.
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Fig.3. Exemplary results of application of statistical
levels for evaluation of the A-weighted sound level
for the corona noise

As can be seen in Fig.3 all characteristics have given
rather similar results in the low interference level con-
ditions and for high intervals from the acoustic back-
ground, i.e. in the analyzed cases of higher levels of the
measured noise. The divergences between the particular
characteristics become clearly noticeable when the
interference is observed, and when distance from the
acoustic background becomes lower, what can be aso
treated as a relative increase of the interference, how-
ever taking a very specific form. In most cases the Lsy
gives the best results, however it can be noticed that for
the high interference cases better conformance with the
"reference” levels is observed for levels with higher
percentiles, namely Lgs and Lo, for the analyzed case
(see Fig.4).
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Fig.4.Diagrams of L amax, Lamin, Laeg l€VElS and the per-
centile value of the best conformance with the , refer-
ence’ level, L aegre

Thus it can be concluded that in the presence of in-
creased interference level the statistical levels Lgs and
L+ should be used. The choice of the best statistical
level may depend on the type of the interference, in
particular on the steady or transient nature of the inter-
ference.
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Fig.5. Dispersion of calculating results of differences
between , reference” level and particular characteristics.

The results of comparison of the "reference” levels
Laeqre and the values of the rest of the characteristics
are shown in Fig.5 as a plot of standard deviations of
differences between "reference" level and particular
characteristics. The obtained results prove that the low-
est dispersion of the results is observed for the "opti-
mally" chosen statistical level A, determined from the
statistical spectrum - the standard deviation almost two
times lower than for the statistical level measured di-
rectly on the A filter. Much worse results have been
obtained when measuring the Lg, levels, and dightly
lower value of the standard deviation has been obtained
for levels determined from the spectrum.

Long-term predictions. The values of long-term levels
can be determined according to the formula below (1):

LAeq,LT =10l g(tf 10°" 0w + tb:l-(:)o'lL(%q)Zp ) 1

where:

- Laegr - the averaged noise level in good
weather conditions, dB

- Laegp - the averaged noise level in bad
weather conditions, dB

- tf,tb - average percentage values of periods
of fair and bad weather respectively

Taking into account that in practice in most countries it



is assumed that the bad weather conditions occur dur-
ing 5-10% of the year, the error that can be made in
practice by assuming inaccurate period of these condi-
tions is found to be in the 1-3 % range. In Poland the
average year periods of fair and bad weather conditions
are assumed to be 90 % and 10 % respectively.

Table 1. Examples of long-term levels ( Laer and
L arLT ) COMputations

Examles of long-term levels computation using formula 1.
Measurement levels, dB
fair weather bad weather
Equivale [tone ambient |Equivalen|tone ambient
No nt level |adjustment| noise t level |adjustment| noise
LAeq Kl LAam LAeq Kl LAam
no tone adjustement:
1 39 0 31 51 3 32
2 35.5 0 29
3 37 0 30
4 36.5 53.9
Long-term average sound level Laeq .t 44.6
with tone adjustement:
5 39 0 31 51 0 32
6 355 0 29
7 37 0 30
8 36.5 50.9
Long-term average rating level Ly, 1 42.2

Another error that can be committed results from the
absence of estimate for the actual period when the tonal
components have been observed in asense of 1SO 1996
standard [8] and they should be taken into account by
estimation of the appropriate rating level. The differ-
ences in calculations of the long-term audible noise
level taking into account La,, + and without correcting
for the tonal components L aeq 7 arelisted in Table 1.

It can be easily noticed that in practice the differ-
ence between those levels will be always contained
within 1.5-2.5 dB.

4 Summary and conclusions
As a result of the analysis carried out the following
conclusions can be formulated:

1. It is possible to apply the statistical levels for elimi-
nation of environmental interference in the measure-
ment of corona noise, and the best results are obtained
for statistical levels Lsy, determined from the statisti-
cal spectrum. For the increased interference level the
higher percentiles should be used, even L. For the
latter case much worse results have been obtained
when the statigtical level has been measured directly
on the A filter.

2. A considerable contribution to the long-term noise

level comes from the noise emitted during good
weather conditions, which is usualy caused by im-
proper technical condition and contamination’s of the
conductor's surface.

3. The error resulting from incorrect evaluation of peri-
ods of bad atmospheric conditions increases with
height of the difference between the noise levels in
fair and bad weather conditions. Most frequently the
error is contained in 1-3 dB range.

4. Correcting the calculations for the presence of tona
components leads to the increase of the long-term
level, in most cases by 1.5 - 2.5 dB. The lower values
refer to the cases when the tonal component are absent
during fair weather conditions

5. The evaluation of the UHV line noise based on the
long-term levels is more adequate than the evaluation
using the equivalent level. It contains contributions
from the line noise in both fair and bad westher as
well as the tonal components, while the evaluation
using the equivalent level in practice takes into ac-
count only the bad weather conditions. As can be seen
from the results an UHV line can be a bothersome
noise source even in fair weather conditions.
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