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IEEE Standard for the Measurement
of Audible Noise From Overhead
Transmission Lines

1. Purpose and Scope

1.1 Purpose. The purpose of this standard is to establish uniform procedures for the mea-
surement of audible noise from overhead transmission lines, using instrumentation that con-
forms to ANSI S$1.4-1983 [1], ANSI S1.6-1984 [2], ANSI/SAE J184-1987 [4], IEC 651 (1979)
[5], and IEEE Std 539-1990 [7]. A uniform procedure is a prerequisite to valid evaluation and
comparisons of the audible-noise performance of various overhead power transmission lines.

1.2 Scope. This standard covers manual and automatic audible-noise measurements from
overhead power transmission lines.

2. References
[1] ANSI S1.4-1983, American National Standard Specification for Sound Level Meters.?

[2] ANSI S1.6-1984 (Reaff 1990), American National Standard Preferred Frequencies, Fre-
guency Levels, and Band Numbers for Acoustical Measurements.

[3] ANSI S1.11-1986, American National Standard Specifications for Octave-Band and Frac-
tional Octave-Band Analog and Digital Filters.

[4] ANSI/SAE J184-1987, Qualifying a Sound Data Acquisition System.
[5] IEC 651 (1979), Sound level meters.®

[6] IEEE Std 100-1990, The New IEEE Standard Dictionary of Electrical and Electronics
Terms.*

[7] IEEE Std 539-1990, IEEE Standard Definitions of Terms Relating to Corona and Field
Effects of Overhead Power Lines (ANSI).

1The numbers in brackets correspond to those of the references in Section 2.

2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West
42nd Street, 13th Floor, New York, NY 10036, USA.

3IEC publications are available from the IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH 1211,
Geneve 20, Switzerland, Suisse. IEC publications are also available in the United States from the Sales Department,
American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

4IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.
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3. Definitions

The following definitions are used in this standard. For additional definitions, see IEEE Std
100-1990 [6] and IEEE Std 539-1990 [7].

day-night sound level (Lg,). The Ly, rating is the average A-weighted sound level, in deci-
bels, integrated over a 24 h period. A 10 db(A) penalty is applied to all sound occuring between
10 P.M. and 7 A.M.

NOTES: (1) Lq, is intended to improve upon the L, rating by adding a correction for nighttime noise intrusions

because people are more sensitive to such intrusions.
(2) The Ly, can be derived from daytime and nighttime Leq values as follows:

_ 0l Ly oL+l
Ly, = 10log @als antllogm +9 antllogT

where
Ly = The Lgq for the 15 daytime hours
Ln = The Lgq for the 9 nighttime hours

(3) The purpose of Ly, is to provide a single-number measure of time-carrying noise for a specific time period (24 h).

energy-equivalent sound level (L.q). The average of the sound energy level (usually A-
weighted) of a varying sound over a specified period of time.

NOTES: (1) The simplest and most popular method for rating intermittent or fluctuating noise intrusions is to rely
upon some measure of the average sound-level magnitude over time. The most common such average is the equiva-
lent sound level, Lqg, expressed in decibels.

(2) The term “equivalent” signifies that a steady sound having the same level as the Leg would have the same sound
energy as the fluctuating sound. The term “energy” is used because the sound amplitude is averaged on an rms-pres-
sure-squared basis, and the square of the pressure is proportional to energy. For example, two sounds, one of which
contains 24 times as much energy as the other but lasts for 1 h instead of 24 h, would have the same energy-equiva-
lent sound level.

(3) Mathematically, the equivalent sound level is defined as

t,
1 2(t
Leq = 10l0g Ip O gt

(ty—t)J) p?g
where
p(t) = The time-varying A-weighted sound level, in pPa
Pref = The reference pressure, 20 pPa

(to —t;)=  The time period of interest

If the cumulative probability distribution of a noise is known, then L, can be estimated by

n
1 oLy
Leq = 10log mZ(PX—PX_l) antllogm
0
where

Py, Px.1= Selected adjacent steps along the probability scale, expressed in percent (%)
The highest noise level in each step

The step number
The total number of steps

-
x
1]

free-field microphone. A microphone that has been designed to have a flat frequency
response to sound waves arriving with perpendicular incidence (i.e., straight at the micro-
phone).

frequency spectrum. The distribution of the amplitude (and sometimes the phase) of the
frequency components of a signal, as a function of frequency.
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insertion loss. The difference, in decibels, between the sound pressure level of a component
(e.g., windscreen) measured before the insertion of the component and the sound pressure
level measured after the insertion of the component (provided that the source of the noise
remains unchanged).

octave band, one-third octave band. The integrated sound pressure level of all compo-
nents in a frequency band corresponding to a specified octave.

NOTE: The location of an octave band pressure level on a frequency scale, f,, is usually specified as the geometric
mean of the upper and lower frequencies of the octave. The lower frequency of the octave band is f,/ J/2 and the upper
frequency is (/2 )fo- A third-octave band extends from a lower frequency 1‘0/6 J2 to an upper frequency of (6 J2 o

random-incidence microphone. A microphone that has been designed to have a flat fre-
guency response in a diffuse sound field in which sound waves are arriving equally from all
directions.

statistical descriptors (exceedance levels, L-levels). Many sounds have sound-pressure
levels that are not constant in time and cannot, without qualification, be adequately charac-
terized by a single value of sound level. One method for dealing with fluctuating or intermit-
tent sounds is to examine the sound level statistically as a function of time.

Statistical descriptors are often applied to A-weighted sound levels. They are called exceed-
ance levels or L-levels. For example, the L4 is the A-weighted sound level exceeded for 10% of
the time over a specified time period. The other 90% of the time, the sound level is less than
the Lyo. Similarly, the Lgg is the sound level exceeded 50% of the time; the Lgg is the sound
level exceeded 90% of the time; etc.

weighted sound level. A-weighted sound-pressure level, obtained by the use of metering
characteristics and the weightings A, B, C, or D specified in ANSI S1.4-1983 [1]. The weight-
ings employed must always be stated. The reference pressure is always 20 pPa.

NOTES: (1) The meter reading (in decibels) corresponds to a value of the sound pressure integrated over the audible
frequency range with a specified frequency weighting and integration time.

(2) A suitable method of stating the weighting is, for example, “The A-weighted sound level was 43 dB,” or “The sound
level was 490 dB (A).”

(3) Weightings are based on psychoacoustically determined time or frequency responses in objective measuring equip-
ment. This is done to obtain data that better predict the subjective listener reaction than would wide-band measure-
ments with a meter having either an instantaneous time response or a slow average or rms response. Standard
weighting characteristics indicating relative response as a function of frequency are designated A, B, C, and D.

4. Instruments

A sound-measurement system consists of a sound transducer, an amplifier, filters, a detec-
tor, and an indicating device. Such systems may be manually operated for short-term mea-
surements or designed to automatically record repeated measurements on a long-term basis.

4.1 Sound-Level Meters. The basic sound-measurement system is the sound-level meter.
The standard sound-level meter contains a microphone, weighting networks, an rms detector,
and a sensitive voltmeter or digital display that shows the weighted electrical signal from the
microphone. It may also have various response times. The sound-level meter is calibrated to a
standard reference sound-pressure level of 20 pPa.

The characteristics of sound-level meters are covered by several current standards. For
transmission-line noise measurements, a precision sound-level meter, as specified by ANSI
S$1.4-1983 [1], shall be used.

Authorized licensed use limited to: IEEE Xplore. Downloaded on October 14, 2008 at 16:19 from IEEE Xplore. Restrictions apply.
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4.2 Microphones. Of the various types of microphones available, ceramic, electret, or air-con-
denser microphones, suitably protected for outdoor use, are recommended for transmission-
line audible-noise measurements. They shall have a frequency response from 20 Hz to 15 kHz
+3 dB, and shall be capable of measuring sound levels down to 30 dB(A). Microphones with a
diameter of 1.25 cm (0.5 in) are preferred for all measurements. However, where the sensitiv-
ity of the 1.25 cm (0.5 in) microphone is not sufficient, a 2.5 cm (1 in) microphone may be used.
For measurements at distances less than 15 m (50 ft) laterally from the nearest conductor, or
for frequency spectrum measurements above 12 kHz, 1.25 cm (0.5 in) microphones are recom-
mended.

Whenever microphones are separated from the sound-level meter by cables that would
affect the frequency response of the measurement system, a microphone preamplifier or
equivalent shall be used.

4.3 Microphone Protective Devices. To minimize wind-generated noise, a windscreen
shall be placed over the microphone. A windscreen will also afford a certain degree of protec-
tion from rain. The insertion loss of the windscreen shall not exceed +2 dB over the frequency
range of the microphone. For short-term measurements in light rain, no additional weather
protection is necessary. For long-term unattended operation of any type of microphone, an all-
weather protection system shall be used. The effect of the protection system on the directivity
pattern of the microphone, on its frequency response, and on the local noise level shall be eval-
uated and recorded.

4.4 Frequency Analyzers. When a frequency analysis is performed, data shall be obtained
from 31.5 Hz to 8 kHz, inclusive, and extending to 16 kHz if system response permits, with
instrumentation conforming to ANSI S1.11-1986 [3], and in frequency bands conforming to
ANSI S1.6-1984 [2]. For all but the pure tone components of ac transmission-line audible
noise, octave-band measurements give sufficient detail of the frequency spectrum and are rec-
ommended. For pure tones, measurements shall be made with one-third octave band or nar-
rower bandwidth filters.

4.5 Recorders. Chart recorders and magnetic tape recorders can be used for the short-term
and the long-term monitoring of audible noise. If chart recorders are used, chart span and
speed shall be sufficient to display the full range of levels of interest.

When a magnetic tape recorder is used to record sounds for later analysis, it shall have a
response that is flat within 3 dB over the frequency range from 20 Hz to 15 kHz. For a fre-
guency spectrum analysis, both the recorder and the spectrum-analyzer instrumentation
shall have a response that is flat within +1 dB over the frequency range of interest. The elec-
tronic noise level of the recorder shall be at least 10 dB below the lowest acoustical signal
level in each frequency band to be analyzed.

4.6 Community-Noise Analyzers. Community-noise analyzers digitally process the output
of a sound-level meter (which may be built into the analyzer) in order to determine L-levels,
Leq, Lan, Or other noise measures over a prescribed period of time. Such instruments can oper-
ate unattended for periods of several days, sampling, storing, or analyzing the sound level.
With suitable precautions, such analyzers may be used for transmission-line audible-noise
measurements in conformance with ANSI/SAE J184-1987 [4].

5. Measurement Procedures
The audible-noise properties of the line are described by the frequency spectrum of the
noise at defined locations, and by the variation of the level of noise with time and meteorolog-

ical conditions at these locations. The audible-noise properties can be studied on a short-term
or a long-term basis. To obtain a good statistical measure of the variability of the noise, it is

10
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generally necessary to resort to some form of long-term automatic recording system. Long-
term automatic recording of noise levels and associated meteorological data requires more
sophisticated instrumentation and elaborate techniques.

5.1 Short-Term Manual Surveys. Short-term measurements are useful for locating prob-
lem areas and for attended surveys under specific conditions.

5.1.1 Microphone Location. The recommended location for the microphone is 1.5 m (5 ft)
above ground and 15 m (50 ft) measured horizontally from an outside phase conductor of an ac
transmission line or from the positive pole of a dc transmission line, in a direction perpendicu-
lar to the line, at midspan. The location shall be chosen to be representative of the general
locality, or to obtain information applicable to a specific problem. Discrete frequency compo-
nents (pure tones), particularly the 100 Hz or 120 Hz hum of ac line noise, can vary as much
as 20 dB for small lateral displacements of microphone position. Maximum and minimum val-
ues shall be reported together with statements concerning their position relative to the stan-
dard microphone location. These locations will change with weather conditions. Where
possible, locations should be chosen where the surrounding terrain is reasonably flat and free
of large obstacles or vertical reflecting surfaces.

To obtain a lateral profile, noise measurements are taken at several distances perpendicu-
lar to a line. Recommended locations are at the centerline; between the centerline and an out-
side phase (positive pole for the case of a dc line); under the outside phase (positive pole for
the case of a dc line); and 15 m (50 ft), 30 m (100 ft), 45 m (150 ft), and 60 m (200 ft) measured
horizontally from the outside phase (positive pole) at mid-span. For all measurements, the
microphone shall be positioned 1.5 m (5 ft) above ground.

A level area between line-support structures of essentially equal elevation should be
selected for the measurements. If such an area is not readily available, measurements may be
made on a span along which the ground slopes uniformly from one structure to the other, with
the recommended measurement locations being perpendicular to the line at the point of mini-
mum conductor-to-ground clearance. Where possible, locations should be chosen where the
surrounding terrain is reasonably flat and free of large obstacles or vertical reflecting sur-
faces.

Under certain circumstances, such as complaint investigations or regulatory-compliance
checks, it may be necessary to make noise measurements at other than the recommended
locations. Reporting of noise measurements shall include sufficient information to describe
the microphone location and surrounding environment relative to the line.

5.1.2 Microphone Orientation. The orientation of the microphone that will provide a
response that is closest to that of an ideal microphone in the sound field produced by a trans-
mission line will depend upon the type of microphone and the relative positions of each phase
of the line. Experience has shown that little loss in accuracy occurs if the microphones are ori-
ented as follows:

(1) A free-field microphone shall be directed at the nearest point on the center phase con-
ductor of an ac line, or at the nearest point on the positive pole of a dc line, as shown in
Fig 1.

(2) A pressure microphone shall be oriented with its axis in a plane perpendicular to the
imaginary line from the microphone to the center phase (or positive pole) and in a
plane parallel to the line, as shown in Fig 2.

(3) A random-incidence microphone shall be oriented vertically as shown in Fig 3.
The use of a random-incidence microphone is preferred because its vertical orientation facil-

itates protection of the microphone from the weather.

11

Authorized licensed use limited to: IEEE Xplore. Downloaded on October 14, 2008 at 16:19 from IEEE Xplore. Restrictions apply.



IEEE
Std 656-1992 IEEE STANDARD FOR THE MEASUREMENT OF AUDIBLE

AC -CENTER PHASE o
OR
DC POSITIVE POLE

(o N -
~ - DIAPHRAGM
~ ~o OF MICROPHONE
~ - -
-~ S~
= =~ S~ .
~~ 31
-

1.5m

Fig1l

Free-Field Microphone Orientation

AC CEN’(I)' ER PHASE
R
DC ‘POSITIVE POLE

O~ _
~ < DIAPHRAGM
=~ OF MICROPHONE

Fig 2
Pressure Microphone Orientation

12

Authorized licensed use limited to: IEEE Xplore. Downloaded on October 14, 2008 at 16:19 from IEEE Xplore. Restrictions apply.



IEEE
NOISE FROM OVERHEAD TRANSMISSION LINES Std 656-1992

AC CENTER PHASE

OR
DC ‘POSITIVE POLE
O~ ~

-~

~

~< _DIAPHRAGM OF

\'\MICROPHONE
\\\
-
I5m
Fig 3

Random-Incidence Microphone Orientation

5.1.3 Position of Operator With Respect to Microphone. The microphone shall be sep-
arated from the sound-level meter and operator by at least 3 m (10 ft). If a microphone/meter
combination must be hand-held at the measurement location, the operator shall hold the
microphone with an outstretched arm. In either case, the operator shall not place himself or
herself between the microphone and the transmission line, nor on the far side of the micro-
phone from the line.

5.1.4 Recommended Measurements. For each measurement location, the minimum data
that shall be recorded are the A-weighted sound level and the unweighted levels in the
125 Hz, 1000 Hz, and 8000 Hz octave bands. If weather conditions are stable, additional mea-
surements, such as a full complement of octave-band levels, may be taken for a more complete
characterization of the noise. Alternatively, a short tape recording may be made for later spec-
tral analysis.

In checking for compliance with specific regulations that limit pure tones, measurements
shall be made according to the requirements of the particular regulation. This may involve
one-third or even one-tenth octave bands.

Noise measurements shall be taken under a variety of weather conditions. For ac transmis-
sion-line noise, measurements taken under foul-weather conditions normally give higher
noise levels than those taken during fair-weather conditions; and measurements should be
taken at least under conditions of drizzle and light rain. If possible, it is desirable to take mea-
surements during periods of different rain intensity and also during periods of fog and snow.

For dc transmission-line noise, fair-weather conditions give higher noise levels than foul-
weather conditions. Measurements of dc line noise shall be taken on several different occa-
sions to cover as wide a range of humidity conditions as possible.

It is essential to measure transmission-line noise without interference from local ambient
noise. Typical ambient noise sources include vehicular traffic, wind, and heavy rainfall. At
certain periods of the year or day, insect, bird, or frog ambient noise may be present. Using the
human ear (aided, if necessary, by headphones connected to the sound-level meter output) and
taking a critical look at the measured frequency spectrum for abnormalities are the primary
means of judging when the measured levels represent transmission-line audible noise rather
than a combination of line and local ambient noises.

13
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The minimum meteorological information to be recorded during short-term manual mea-
surements shall consist of precipitation rate and windspeed, supplemented with qualitative
observations by the personnel conducting the measurements. For dc transmission-line noise
measurements, relative humidity also shall be recorded. Where the conductor surface has
been modified by collected dust, salt deposits, icing, or hoarfrost, the conductor surface condi-
tion shall be described.

5.1.5 Calibration of Instruments. The measuring system shall be calibrated with a por-
table acoustical calibrating device prior to and immediately after each series of measure-
ments. Any change in calibration greater than £0.5 dB during the measurement period shall
be reported along with the noise measurements.

5.2 Long-Term Automatic Measurements. Long-term measurements are useful for char-
acterizing the audible-noise statistics at a given location under a variety of conditions and for
checking regulatory compliance.

5.2.1 Microphone Location and Orientation. The microphone shall be located and ori-
ented as specified in 5.1.1 and 5.1.2. If a weather shelter is used, its effect on the sound field
shall be measured and reported.

5.2.2 Recommended Measurements. For measurements of ac transmission-line noise,
the minimum data that shall be reported are the A-weighted sound level, precipitation rate,
windspeed, temperature, and relative humidity. It is also desirable to include audio recordings
of the 8 kHz (or 16 kHz if sufficient recorder frequency response is available) octave-band
sound-pressure level because this can aid in determining when the measured noise should be
attributable to the line rather than to ambient noise. Radio interference (Rl) measurements
as well as the use of an additional remote microphone (60 m from outside phase) are also use-
ful for this purpose.

If possible, all octave-band sound-pressure levels from 31.5 Hz to 16 kHz should be mea-
sured.

For audible noise from dc transmission lines, minimum requirements are those for ac lines,
except that a high-frequency octave-band, 8 kHz or 16 kHz, shall be included. As is the case
for ac noise, it is desirable to record all octave-band sound-pressure levels from 31.5 Hz to
16 kHz.

Data shall be collected over a sufficiently long period of time to encompass a wide variety of
weather conditions. Typically, a period of several months is required, and a period of 1 year is
recommended.

5.2.3 Calibration of Instruments. The instrumentation shall be calibrated periodically
and checked for proper functioning. The interval between such checks will depend on known
instrument stability; however, checks with an acoustic calibrator shall be performed at least
once every two weeks. At least once every two months, the frequency response and internal
noise of the electrical system shall be measured using a dummy microphone and a pure-tone
signal generator or confirmed using a white or pink noise source.

Windscreens and weather protectors shall be inspected at each site visit. Their condition
should be noted, and they shall be replaced if their performance is altered. A spare micro-
phone and preamplifier should be available. Microphones should be exchanged at six month
intervals for laboratory calibration.

6. Measurement Precautions

6.1 Weather Protection of System. When an all-weather measurement system is used,
occasional inspection shall be done to check the condition of moisture protection elements. For
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short-term measurements, a polyurethane windscreen for the microphone may afford suffi-
cient protection from rain; but it should be squeezed out periodically or replaced with a dry
windscreen. The measuring instrumentation shall have adequate protection from precipita-
tion or condensation. For long-term measurements, adequate protection from all weather con-
ditions and from animal or bird intrusions shall be provided for the entire system.

6.2 Ambient-Noise Intrusions. Care shall be exercised in the choice of a measuring location
to avoid, as much as possible, disturbances from ambient noises. This is particularly impor-
tant for long-term automatic operation. The measurement location should be sufficiently far
from major sources of noise (highways, airports, industrial areas, etc.) that the ambient noise
generally is at least 10 dB below the transmission-line noise to be measured. Locations shall
be avoided at which wind-rustled foliage or grass or the splashing of rain drops could create
significant levels of noise. Personnel making manual measurements often can detect aurally
any ambient noises intruding on the transmission-line noise, and should not make measure-
ments during these periods.

Very-low-frequency noise produced by wind passing over the microphone, even when a
windscreen is used, can be significant and difficult to detect. Tests in the presence of high
winds but in the absence of other noise sources can be undertaken to determine the contribu-
tion of such wind-produced noise. In the absence of this type of information, measurements
shall not be taken or shall be disregarded if the wind speed exceeds 5 m/s (11 mi/h).

6.3 Alternating Electric and Magnetic Fields. Microphones, connecting cables, and asso-
ciated instruments need to be electrically shielded when used near ac transmission lines in
order to avoid errors due to coupling from 50 Hz or 60 Hz fields. The inherent electronic noise
level of the system measured in place using a dummy microphone shall be used to verify the
absence of such coupling to the system. Care shall be taken that protrusions near the micro-
phone, such as anti-bird spikes, weather shelters, or wire cages used for electric field shield-
ing, do not produce localized sources of corona and, thus, provide nearby noise sources.

6.4 Measurements Near DC Transmission Lines. In the presence of low humidity, certain
insulating elements of the microphone system, such as a polyurethane windscreen, may have
a large surface resistance. lons resulting from corona on a dc line can deposit on these sur-
faces, thereby building up voltages that may be sufficient to result in small sparks between
grounded and insulating surfaces, or even between different regions of the insulating sur-
faces. Grounded enclosing grids can be used to prevent this, but the surest remedy is to make
such surfaces conductive by applying a thin semiconductive coating. Such coatings are com-
mercially-available in the form of sprays for eliminating static from clothing. (These sprays
shall not affect electrical connectors.)

7. Supporting Data

7.1 General Information. Certain information relating to the transmission-line noise mea-
suring location and the measuring instruments shall be given whenever transmission-line
audible-noise data are reported. The specific measurement location, the line geometry, and
the construction of the closest supporting structures shall be described, preferably by means
of a dimensioned sketch. The description shall include the number, diameter, and spacing of
conductors in each phase (or pole) bundle; the location of each bundle with respect to a speci-
fied reference point (for example, a point on the ground at the center of the line); the diame-
ters and locations of shield wires; the line voltage and, if possible, the line current when the
noise measurements were made; and the line-voltage phasing. Comments on altitude, ground
contour, and environmental factors such as ground cover and noise absorbing, reflecting, or
generating features shall be recorded.
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The measurement system shall be described by stating the type, manufacturer, and model
number of the system (or its component parts if assembled from a number of separate instru-
ments). The microphone type (free-field, pressure, random-incidence, etc.) and its orientation
shall be specified. A description of any form of microphone protection (weather shields, wind-
screens, shelters, etc.) shall be included. If any noncommercially available device is used, it
shall be fully described with respect to its function, mode of operation, and compliance with
relevant standards. Each set of data shall show all instrument settings, the date and time
period when the data were obtained, and the name of the person who made the measure-
ments.

7.2 Meteorological Information. Meteorological information is needed, first, to correlate
transmission-line effects with audible-noise level and, second, to evaluate other possible
effects on the sound-measuring system. Observations such as light rain, hazy sky, gusty
winds, fog, and cold are useful, but it is preferable to quantify weather conditions with actual
measurements of precipitation rate, wind velocity and direction, temperature, and humidity.

7.3 Short-Term Manual Measurements. The information required under 7.1 and 7.2 shall
be accompanied by qualitative observations made by the measuring personnel where appro-
priate. These might include, for example, an interpretation of the sound of the noise (crack-
ling, frying, humming, etc.), any unusual conductor-surface condition, or conductor vibration.
If the reported data represent the average of a number of measurements, then the number of
measurements, the time interval, and the range of the sound levels shall be given. A sample
data sheet is shown in Fig 4.

7.4 Long-Term Automatic Measurements. The information required under 7.1 shall be
obtained. In addition, the measured data shall be separated according to weather condition
(for example, rain, fog, snow, fair weather, and, for noise from dc lines, relative humidity). The
means of categorizing the weather conditions shall be described. The total period of measure-
ment, including the time of year, shall be specified together with any auxiliary information
that might be appropriate. The data should be analyzed statistically.

8. Data Presentation

Data shall be described fully and presented in a complete and consistent form to allow com-
parison and shall include the applicable supporting data from Section 7.

8.1 Short-Term Manual Measurement Data. As a minimum, data collected from short-
term manual measurements shall be reported at least in terms of A-weighted sound levels
and frequency spectra measured, along with complete supporting data. Sample frequency
spectra and lateral profiles are shown in Figs 5 and 6.

8.2 Long-Term Measurement Data. Statistical data from long-term measurements shall be
reported in a graphic form. This shall consist of cumulative amplitude-distribution curves of,
at least, A-weighted sound level and octave-band sound-pressure level for each category of
weather conditions, along with complete supporting data. Examples of cumulative amplitude
distributions for A-weighted and for 8 kHz octave-band data are shown in Fig 7. An example
of plots of frequency spectrum exceedance levels of transmission-line noise is shown in Fig 8.
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Appendix A
Recording Requirements —
Transmission-Line Audible-Noise Sounds

(This appendix is not a part of IEEE Std 656-1992, IEEE Standard for the Measurement of Audible Noise From
Overhead Transmission Lines, but is included for information only.)

Al. Introduction

Interest in the recording of audible-noise sounds for psychoacoustic purposes has resulted
in the formation of an IEEE Psychoacoustics Task Force and has prompted the Canadian
Electrical Association to sponsor a project in this area. This appendix covers minimum
requirements for tape recording the audible noise generated by corona from transmission
lines, where the records are to be used for general subjective evaluations and/or special psy-
choacoustic purposes.

A2. Minimum Requirements

Fig Al shows a block diagram of instrumentation system components that should be used to
specify minimum requirements for the recording of EHV line corona sounds on magnetic tape.

1 ]
1 I
1 1
' epUMMY” FIELD VOLTAGE |
1 TRANSDUCER CALIBRATOR SOURCE : ACCESORIES
| ) .
| 1
1 ]
B e e e e e e e e e e e e e e —,—,—_, e, e, e, —_,—— e m = - ]
TRANSDUCER

G—O L _ -» PLAYBACK

SIGNAL MAGNETIC
CONDITIONER TAPE
RECORDER
Fig Al

Minimum Data Recording System
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A2.1 General System. The system should contain the following:
(1) Microphone system and accessories:

(@) The microphone and the outdoor microphone system should meet the require-
ments of ANSI S1.4-1983 [1].

(b) Accessories (wind screen, rain shield, etc.) should meet the system accuracy speci-
fications.

(c) System accuracy should be measured using
= a calibrator, =3 dB
= a piston phone, £1 dB

(d) During recording, the microphones should be positioned 15 m from the outside
phase at 1.5 m or 3 m above ground.

(2) Signal conditioning equipment, located between the transducer and the tape recorder,
may consist of a preamplifier, microphone power supply, amplifier, etc. As a minimum,
the signal-conditioning system shall include a calibrated attenuator. Frequency
weighting networks in ANSI S1.4-1983 [1] should not be used for psychoacoustic
recordings.

(3) A magnetic tape recorder that meets National Association of Broadcasters (NAB)5
standards and has the following features:

(@) Number of tracks: 4
(b) Tape speed: 38 cm/s
(c) Tape width: 1.27 cm

A3. System Performance Requirements

The system performance from the microphone (transducer), as determined through suitable
playback of the tape, shall meet the requirements of ANSI S1.4-1983 [1]. In particular,

(1) Frequency responses within:
100 Hz - 10 000 Hz: +2 dB
50 Hz — 12 000 Hz: +2, -3 dB
30 Hz — 16 000 Hz: +2, -4 dB
(2) Signal-to-noise ratio relative to the 3% total harmonic distortion (THD) signal level:
20 Hz — 20 kHz unweighted: 51 dB or more

NOTE: This test should preferably be done at the field installation, using a dummy microphone, in
order to ensure that the electric field from the line is not affecting the recording.

(8) Flutter (0.5-200 Hz unweighted):

0.2% rms or less

SNational Association of Broadcasters, 1771 North Street, NW, Washington, DC 20036, USA.
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A4. Operational Requirements

The operational procedures and precautions specified in this standard should be followed.
In addition, the following items should be observed for each tape:

1)
)
®)
(4)
®)

A recording of known sound-pressure level from a field calibrator, with all changes of
the calibrated attenuator noted.

A recording of the system electrical noise floor, recorded with the dummy microphone,
at the attenuator settings used for data recording.

A recording of a sweep tone or random noise covering the frequency range of 30 Hz —
16 000 Hz.

Data recordings should be made at an rms level of -7 to —17 dB below the 3% THD
level.

Every effort should be made to obtain data recordings that are free of audible extrane-
ous background noise and field attenuator changes, and that are at least 10 s in dura-
tion if the signal level is constant £3 dB. If the data signal level varies more than +3
dB, recordings should be at least 2 min in duration.

It is also appropriate to include the following information on the data logging system:

(1)
)

®)

Radio interference at 0.500 MHz.

Environmental data — temperature, relative humidity, rate of precipitation, and wind
speed and direction.

Octave band (31.5 Hz to 16 kHz), A-weighted AN SPL and broad band (unweighted) at
the line and ambient locations.

An example of a recording system used in the field to record corona sounds from operating
EHV lines is given in Fig A2.
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Recording and Data Logging Instrumentation
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