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Foreword

ISO 10843:1997(E)

ISU(the "Tnternational’ Organization for Standardization) is
federation of national standards bodies (ISO member bodies).
preparing International Standards is normally carried-out
technical committees. Each member body interestedin.a subj
a technical committee has been established has the right to be
on that committee. International organizations; 'government
governmental, in liaison with 1SO, also take part in the
collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical standardization.
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Introduction

0.1 Pufpose

The purposdq of this International Standard is to describe and specify the
physical medsurement of single impulsive sounds or short series of impulsive
sounds. The| actual measurement performed will change according to both
the measurdment situation and the physical quantities required. Detailed
characterizatjon of source emissions is beyond the scope of this standard.

0.2 Physical measurement alternatives

Physical megasurement alternatives will change according to the purpose of
the measurements and the measurement situation. First, measurements may
be made of| phase-sensitive quantities such as peak-level, rise-time;.or
duration, or measurements may be made of time-integrated quantities.such
as frequendy-filtered or frequency-weighted sound exposure .level (e.g.
A-weighted $ound exposure level). Secondly, measurements may be made
on a continupus sound source or a transient sound source. This' International
Standard defls only with transients (single impuisive sounds' or short series
of impulsive| sounds); therefore time-integrated descriptors such as sound
exposure of sound energy, rather than time-avetaged descriptors, are
applicable.

0.3 Measurement situation

Noise measurement situations will change according to the purpose of the
measurement. There are three alternative pairs of measurement situations
which may require the measurement of single impulsive sounds or series of
impulsive spunds. First, measurements may be for workplace-related
purposes, $uch as hedring conservation or employee efficiency, or
measuremefts may be'for community environmental purposes. Secondly,
measuremehts may ‘be/indoors or outdoors. Thirdly, measurements may be
for the purpg@se oftgathering source-emission data, or of describing immission
levels in thel community. Other International Standards provide guidance for
specific m ituati he used for

measurements of emission sound pressure levels at the work station and at
other specified positions; the 1ISO 3740 or ISO 9614 series should be used
for determination of sound power levels of noise sources; the 1ISO 1996
series should be used for description and measurement of environmental
sound.
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Acoustics — Methods for the description and physical
measyurement of single impulses or series of impulses

1 Scope

This Interpational Standard describes preferred methods for the description and*the physical measurement of single
impulsive |[sounds or short series of impulsive sounds and for the presentation of the data. It does not prgvide methods
for interpreting the potential effects of series of impulses of noise on hearing,/community response or struttures.

This International Standard applies to single impulsive sounds ot short series of impulsive sounds quch as those
produced|by explosions, artillery fire, bombing and similar activities, sonic booms, pistol and rifle fire, and cartridge-
operated fools or machines.

Two diffeflent kinds of measurements are considered:

a) measurements of phase-sensitive parameters; such as peak sound pressure level and duration, that directly
characterize the variation of sound pressure with time; and

b) measurements of time-integrated quantities such as frequency-weighted sound exposure level or|sound energy
level.

2 Normative references

The folloving standardscontain provisions which, through reference in this text, constitute provisions of this
Internatiopal Standard;»At the time of publication, the editions indicated were valid. All standards are subjgct to revision,
and partips to agreements based on this International Standard are encouraged to investigate thg possibility of
applying the most recent editions of the standards indicated below. Members of IEC and ISO maintajn registers of
currently yalid\nternational Standards. T

IEC 50-801:1994, International electrotechnical vocabulary — Chapter 801: Acoustics and electroacoustics
IEC 651:1979, Sound level meters, and its Amendment 1:1993.

IEC 804:1985, Integrating-averaging sound level meters, and its Amendment 1:1989 and Amendment 2:1993.
IEC 942:1988, Sound calibrators.

IEC 1260:1995, Electroacoustics — Octave-band and fractional-octave-band filters.
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3 Definitions
For the purpose of this International Standard, the definitions given in IEC 50-801 and the following definitions apply.

NOTE — The prefix "un" is used to denote what is also termed "lin-" or "flat-" weighted sound. Unweighted is perhaps most
descriptive.

3.1 Characteristics of an impulse noise

3.1.1 A-dupation: Time in seconds, required for the main or principal wave to reach its unweighted peak sound
pressure and return momentarily to zero.

NOTES
1 See figure|1 a) and annex E, reference [25].

2 In practice| the A-duration is the total time between the onset of a signal level 20 dB below the-peak level and the fjrst crossing
of the signfl 20 dB below peak level.

3 The notatipn used for duration in this definition and in 3.1.2 and 3.1.3 should not be canfused with the A-, B- and C-frequency

weightingd.

3.1.2 B-duration: Total time, in seconds, that the envelope of unweighted sound pressure fluctuations (bgth positive
and negativg) exceeds one tenth of the unweighted peak sound pressure, including the duration of that part of any
reflection paftern that exceeds one tenth of the unweighted peak sound pressure.
NOTE — See|figure 1 b) and annex E, reference [25].

3.1.3 C-duration: Total time, in seconds, that the main or principal wave and the following oscillations, both negative
and positive| are within 10 dB of the unweighted peak sound pressure level.
NOTE — Sege|figure 1 c) and annex E, reference-{34].

3.1.4 envelope: Two idealizedsmeoth lines which effectively join the successive positive or negative pgaks of the

instantaneoys sound pressure;

NOTE — Se¢ figure 1 d).

3.1.5 impujse noise: A single short burst or series of short bursts of sound pressure.

NOTE — The v
the pressure envelope.

3.1.6 instantaneous sound pressure: Total instantaneous pressure, in pascals, at a point in the presence of a
sound wave minus the atmospheric pressure at that point.

NOTE — Instantaneous pressure relates to the pressure as measured by the microphone prior to any signal processing.
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Figure 1 — Impulsenoise characteristics

3.1.7 instantaneous sound pressure level: Ter.limes the common logarithm of the square of the ratio of the
frequencyfweighted instantaneous sound pressure.to the reference sound pressure, expressed in decibels.

NOTES
1 In air the reference sound pressure is 20\\1Pa.

2 The frefjuency weighting is to be/specified.

3.1.8 peak sound pressure: For any specified time interval, the maximum absolute value of the instantaneous sound
pressure, in pascals, that‘eccurs during a specified time interval.

3.1.9 peak sound pressure level: Ten times the common logarithm of the square of the ratio of peak frequency-
weighted sound pressure to the reference sound pressure, expressed in decibels.

NOTES

1 In air, the reference pressure is 20 uPa.

2 The frequency weighting is to be specified.

3.1.10 signal rise time: Time, in seconds, a signal takes to rise from 10 % to 90 % of its maximum absolute value of
the sound pressure.

3.1.11 sound energy: Time and spatial integral of the sound intensity normal to an imaginary closed surface, where
sound intensity is the real part of the product of instantaneous sound pressure and particle velocity (at the same point
in space), expressed in joules.
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3.1.12 sound energy level: Ten times the common logarithm of the ratio of sound energy to the reference sound
energy of 1 pW-s, expressed in decibels.

D
-
-
]

ntegral of frequency-weighted squared instantaneous sound pressure

pascal-squared seconds.
T

E = jp2dt (1)
0

NOTE — The frequency weighting is to be specified.

3.1.14 souLd exposure level: Ten times the common logarithm of the ratio of sound exposure, E, te the reference
sound expodure, expressed in decibels.

Le=10 |g(_£1 dB -(2)
\Eo)

NOTES
1 In air, the feference sound exposure, £, is 20 uPa?s.

2 The frequency weighting is to be specified.

3 In order t¢ avoid confusion between the noise exposure of workers and the noise emission from machinery, in tlrse ISO 3740
series anfl 1ISO 11200, which are specific to machinery noise emissiof] this quantity is called "single-event emission sound
pressure level."

3.2 Characteristics of the measurement system

3.2.1 bandwidth: Frequency range, in hertz, over which the response of a system to a sinusoidal input sighal is within
zero to -3 dB of an ideal flat response.

NOTE — This definition is specific to the purposes of this International Standard and not necessarily in accordange with more
general definftions given in other International Standards.

3.2.2 droop: Amount by which the linear system output drops below the ideal final output in response to a step-
function inptit when measured at7a time which equals or exceeds the duration of the signal of interest, diyided by the
ideal final oltput and expressed’as a percentage,.

3.2.3 dynamic range: Difference, in decibels, between the peak signal level (unweighted), expressed a$ the sound
pressure leyel for which the measurement system operates within the instrument manufacturers' stated specifications,
and the megsurement system background noise level (unweighted), expressed as the sound pressure level

NOTES

1 Atlow sound pressure levels the useful dynamic range is limited by acoustic noise or by electric circuit noise.

2 At high sound pressure levels the useful dynamic range is limited by overloading of the microphone or the electronic
instrumentation.

3.2.4 overshoot: Amount by which the maximum of the linear system output exceeds the idealized final output in
response to a step-function input, divided by the ideal final output and expressed as a percentage.

3.2.5 slew-rate: Rate of change of the measurement system output per unit time, expressed in volts per second.

3.2.6 slew-rate limit: Maximum rate of change of the measurement system output in response to a step-function
input, expressed in volts per second.
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3.2.7 system rise time: Time, in seconds, required for the linear system output to rise from 10 % to 90 % of its final

amplitude in response to a step-function input.

4 Measurement system characteristics and requirements

41 General

This section does not specify general instruments for measuring impulsive sound. The purpose of thi

s section is to

specify the system characteristics required to accurately measure impulsive sound for any particular purpose.

The mea: ementsysiem charactersticsand-regiirements-change
example,|a type 1 integrating-averaging sound level meter, fitted
1094-4, right be used to measure the A-weighted sound exposure level from a short burst ofCpneu

sound. The same sound level meter, fitted with a sealed microphone of type WS1, might be- used td
unweighted peak sound pressure level of a mining explosion. This section describes the characteristics
required for measuring the time-varying and time-integrated characteristics of impulsive~sound. These

permit thg user to select and tailor a measurement system to the measurement purpose.'See also annex

The measurement system includes all equipment from the microphone and its windscreen, if used, to
that indicaites the results of the measurement. If tape-recording is employed, the system includes the
playback equipment as well as the tape itself.

The accufacy attained in the measurement of impulsive sound depends‘upon the instruments used, the
procedurg, and the characteristics of the particular impulse sound. {nfermation on measurement procedt
clause 5.

4.2 Requirements for measurement of phase-sensitive quantities
Five characteristics are important for describing an_impulsive sound in the time domain: system rise tin
droop, dyinamic range and bandwidth. Depending on-the type of impulsive sounds being measured, so
characterjstics may be more important than others. For example, an impulsive sound having a long A

surement. For
ording to IEC
matic-hammer
measure the
and accuracy
requirements
es A and C.

the instrument
recording and

measurement
res is given in

ne, overshoot,
me instrument
duration need
ation is to be

ounds having

ressure may be

not be measured with instruments which meet the rise time requirement of 4.2.1 if only the A-dur
measured.
421 System rise time
The system rise time shouldCbe”less than one-tenth of the rise time of the impulsive sound. For s
extremely short rise times (€:g: shock waves), it may not be possible to meet this recommendation.
NOTE — For shock waves which have near-zero rise time, the systematic error in the measurement of the peak p
estimated py multiplying'the indicated peak pressure by

K=psdr

Ta

where

T, = system rise time, in seconds;
T, = A-duration, in seconds.

That is, the estimated actual peak sound pressure equals K times the indicated pressure.
4.2.2 Overshoot

The overshoot in response to a step-function input should be less than 5 %.

NOTE — Overshoot is really an instrument requirement which is independent of the waveform being measured. It i

for completeness.

s included here
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423 Droop

The system droop in response to a step-function input shall be less than 5 % during a time period equal to the A-
duration of the signal.

424 Dynamic range

The system dynamic range shall include at least the interval from 1 dB above the peak sound pressure level of the
signal to 5 dB below the minimum sound pressure level of interest.

4,25 Phase distortion and bandwidth

The phase distortion of the measurement system in the frequency range of interest shall be limited 1@ ¥ 10°. This
requirement |s normally fulfilled when the bandwidth includes the frequency range from one decade below [the lowest
frequency of|interest to one decade above the highest frequency of interest. Otherwise the phase-distortion for the
highest frequency of interest shall be reported.

NOTES

1 Phase regponse is directly related to the complexity of the frequency limiting mechanisms (electrical, mechanical and
acoustical] and, in complicated situations, a much greater bandwidth may be required.

2 To measule peak values and other phase-sensitive quantities, filters should be operating in "real time". Filters shoyld be linear
and the grpup delay should be constant. FFT analysis and the "reconstitution” of filters is inappropriate.

4.3 Requirements for measurement of time-integrated quantities

This subclause gives requirements for the measurement of the sound’exposure level or sound energy level.
431 Dypamic range

The system gdynamic range is specified in 4.2.4.

4.3.2 Ti

me-integration

4.3.2.1 Single time periods

For measurgments of sound exposure level, the analogue of the squared (frequency-weighted) instantangous sound
pressure shall be integrated over the duration of the impulse or series of impulses of sound. The integration period shall
be selected [such that the backgroeund noise influences the measured sound exposure level by less than Q,5 dB. The
duration of the integration period)shall be measured to within an uncertainty of + 5 %.

4.3.22 Multiple time periods

period or where short duration sound exposure values are used to generate other metrics, each integration period shall
effectively incltde its corresponding single impulse or series of impulses of sound. Collectively, integration periods shall
be selected such that the background noise influences the total measured sound exposure level by less than 0,5 dB.
Each integration period shall be determined to an uncertainty of + 0,01 %.

For a serieg of separate impulsive sounds, where a series of short integration periods are used to build Ep a longer

NOTE — The uncertainty of time measurement in 4.3.2 is really an instrument requirement which is independent of the waveform
being measured. It is included here for completeness.

433 Digital integration

If digital integration is used, the sampling rate should be at least three times the highest frequency of interest.

NOTE — It is possible that the frequency of interest does not include the highest frequencies in the signal. If frequencies exist
which are above the Nyquist frequency, then filtering should be used to prevent an aliased signal.
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434 Linearity range and resolution

Linearity range and resolution shall be in accordance with the requirements of IEC 651 and IEC 804. The linearity
range shall be sufficient to accommodate the peak signal level without substantially increased distortion or clipping.

NOTE — The linearity range should be at least 25 dB plus ten times the common logarithm of the ratio of the integration period to
the duration of the signal.

435 Minimum bandwidth

The minimum bandwidth shall extend from the lowest frequency of interest to the highest frequency of interest.

4.3.6 Frequency weighting

Instrumentation systems which include A- and C-weighting filters shall meet the requirements of.IEC 651 for type 1
instruments; they should preferably meet the requirements for type 0 instruments.

43.7 Filters

Octave arld one-third-octave-band filters shall satisfy the requirements of IEC 1260
NOTE — This International Standard does not specify specific frequency weightings or-filtering since these will vary according to
the source|and purpose of the measurement. For example, for indoor factory noise~centrol design, octave or one-ttlird-octave data
may be re<luired. Frequently, A-weighting will be used to characterize a noise for plrposes of environmental noise|assessment or
hearing cgnservation. In some countries, Al-weighted sound pressure levels ‘are used to quantify general, impulsive sound
sources. I} some countries, C-weighting is used for outdoor characterization of high-energy impulsive sound squrces such as

artillery anfl sonic booms. In many countries, the peak C-weighted instantaneous sound pressure level is spegified for rating
impulsive dound, for example, in the European Community Machinery-Directive 89/392/EEC.[40]

4.4 Determination of measurement system characteristics

Guidance|on determination of measurement system characteristics is given in annex C.

4.5 Instrumentation
451 Requirements

4.5.1.1 PBound level metefs-and similar measurement devices shall comply with the type 1 requirements of IEC 651
and |EC 804 and should.comply with the additional requirements of annex D. If a digital or analogue recording

instrument is used for(intermediate) storage, it shall have a bandwidth meeting the requirements of 4.2.5[and 4.3.5.

NOTES

1 lnstrunrents meeting the requirements of IEC 804 are preferred for integrated measurements because of theif wider dynamic
range.

2 When the impulses are short, the maximum value of the time- and frequency-weighted sound pressure level can be estimated
directly from a sound level meter provided that the impulse duration (including virtually all reflected and reverberant sound) is
shorter than 0,2 7, where 1 is the time constant of the time weighting (7 = 35 ms for time weighting I, 7 = 125 ms for time
weighting F, 7= 1000 ms = 1 s for time weighting S).

Conversion to a single-event sound exposure level (SEL) can be estimated by adding

T
101g (—) dB
1s

For example, for A-weighted events,
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— for time weighting I: L'ag, 1s = L' pAimax — 14,6 dB
— for time weighting F: L'Ag, 15 = L'pAFmax — 9 dB
— for time weighting S: L'ag, 1s = L'paAsmax

This method of determining the sound exposure level for short-duration impulsive sounds makes use of the fact that an "RC"
network with time constant 7 acts like an integrator during its initial transient response. When using this method to measure the
SEL of a short-duration transient, it is particularly important to ensure that the sound level meter time-weighting network truly
approximates an RC averaging network, and that the time constant is accurately known. As indicated above, any error in
specifying the time constant directly results in a corresponding error in the calculated sound exposure level. Requirements for
these time-weighting networks are given in IEC 651 and in annex D.

4.5.1.2 For[the measurements of peak sound pressure level or maximum (frequency-weighted) sound pregsure level,
a sound level meter or similar device shall be equipped with "HOLD" circuitry.

452 Midrophone size and orientation

The diamete and orientation of the microphone are important when measuring short-duration‘impulsive soufds. Small-
diameter microphones should be used in order to limit the transit time of the wave acrossthe sensing surface; use of
microphones| larger than type WS2 according to IEC 1094-4 should be avoided. The microphone should bg such that
its flattest regponse is for grazing incidence (i.e. the P type according to IEC 1094-4), and it should be fitted with a
protection gr|d. The microphone should be oriented for grazing incidence. Foy’ microphones of type WS3|or smaller
(over the auglio frequency range), use of a protection grid causes only slight differences. For longer durafion events
such as blas{s or sonic booms, adequate microphone low-frequency response is important to prevent excegsive droop
and resulting| error in measurement of the negative part of the signal., Microphones of type WS1 may be required for
this purpose.

NOTE — If an| F type microphone is used, it should be oriented for normal (0°) incidence. However, in terms of transient response
a microphone| diaphragm may ring more from transient excitation @t normal incidence than from transient excitatiof at grazing
incidence. Hemce, a P type microphone and grazing incidence is preferred.

453 Windscreens

The use of Windscreens or rain covers should be-avoided, if possible, when measuring impulsive noises having high-
frequency cgmponents that may be excessively absorbed by such devices. When their use is necessary, $uch as for

outdoor measurements, they become a part of the system and should be tested in accordance with the procedures
given in anngx C.

NOTE — If thg windscreen and/or_rain/cover do not obstruct or in any way change the back air vent of the micropHone, then it
should not be |jnecessary to test fordroop caused by windscreen and rain cover.

4.6 Calibration

System calibrationishall include the response of all cables, amplifiers, and accessories to be used when actyal data are
taken. Calibration shall be accomplished at appropriate times to ensure that time-average sound pressure lgvel can be
measured o\ calibration
methods include the use of sound calibrators, acoustlcal shock sources, or static pressure dewces Electrical
calibration means are acceptable for field use provided an acoustical calibration is accomplished before and after field
use. Electrical signals should be inserted into the microphone input via a suitable adapter.

NOTES

1 Annex B provides guidance on large-amplitude (above about 135 dB) impulse calibration of sealed, low-frequency microphones
and associated preamplifiers in a laboratory setting. These methods can be used before any measurement program.

2 For phase-sensitive measures, if the system bandwidth fails to meet the requirements of 4.2.5, then laboratory measurements
of the system phase response should be performed.
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5 Measurements
51 General
As discussed in clause 4, system requirements are defined by the signal quantity to be measured and depend on the

characteristics of the waveform itseif. For exampie, measurement of the rise time associated with the excitation of a
SDaI'K source requires a much shorier sysiem rise time than does measurement of a sonic boom DrOOUCGO DV a high-

TlVInG supersonic aircraft. On the other hand, measurement of the A-duration of these respeciive SIGnaIS reqwr s a far

smalier OI'OOD for accurate measurements of a sonic boom than for measurement of the time variation of the sound
proouceo Dy the sparK source.

5.2 Mieasurement conditions

Mieasurements can be made for a wide variety of purposes. As discussed in the introduction, the.actuai [measurement
performed wiii change according to

(a) the measurement situation, and

, source emissions vary considerably based on the type of sourCe. impulsive sound souices may vary
from indopr factory machinery where the concern may be hearing loss _prevention, to large field artillery where the
concern ray be a fairly distant community. Detailed characterization of Spurce emissions are beyond the scope of this
lmdmviem ~dimb o] Obmn Al m el
imiteiniauofial otdriuaiu.

-~ n _n P I
9.9 FToceuuIes
™~ ~n 4 o P |H VRS g
9.9. 1 aliprauorn
Field caiil:r”tion shall be accomplished before and«after each test sequence. This should be accomplished using a
sound cafibrator in accordance with IEC 942, Class
NOTE — Annex B gives guidance on large-amplitude impulse calibration of microphones in a laboratory setting. [These methods
are intended for very low-frequency, sealed microphones and associated preamplifiers and can be used prior to anfy measurement
program of this type
< J v
53.2 integration time
For meagurements of the_fréquency-weighted or filtered sound exposure or the sound energy ievei ofl an event, the
integratioh period shali be:
a) shprt enougdh o ensure that the background sound exposure or sound energy ieveil is at ieast 1( dB beiow the
acfual seund exposure or sound energy level of the event, and

L\ [P Ry P TR W ~ il _2 AN O/ L il o emad e dlam mriamra A e im i ] o e i e mcazmie R s " o

) 10ONAd_enoudrn 1o _ernsure indt YU 7 O Uie died Uriderl e Cuive Ol dSyudred pressure Or powei versus ll ne s

inciuded

-~ a | = PPy PR .
9.4 DAdCKgrouna noise
Care shaii be taken io ensure that background noise, inciuding wind-induced pseudo-noise, does noi affect ihe
reported results. For single impuisive sounds and short series of impuisive sounds, it is usually possible to "edit" the
measurement to include just the time when the impulsive sound(s) occur. In this way, the effects of background noise
can be minimized.
54.1 Time-integrated quantities
For measurements of frequency-weighted or filtered sound exposure, the measured sound exposure level for the
source or situation in question shall exceed the measured background level by 10 dB. If the measurement fails to meet

w
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this requirement, the reported results shall be corrected by subtracting the background level from the source or
situation level on an energy basis. Table 1 and equation (3) give these corrections. In all cases, the measured level
shall exceed the background level by at least 3 dB. To the extent practical, both measurements shall be made at the
same site, with the same equipment, as near in time as possible to each other, and for the same duration. If possible,
both measurements should be made within at least one hour of each other. The situation shall be described.

Table 1 — Correction for background noise

AL 3 4 5 6 7 8 9 10 >10
dB
K 30 22 17 13 1.0 0,7 0,6 0,5 Q
dB
K, =[-101Ig(1 — 1/100.1AL) dB .. (3)

In table 1 and equation (3), AL is the difference, in decibels, between the source or situation level and the background
level, and K, if the correction, in decibels, to be subtracted from the measured source orsituation level.

5.4.2 Phase-sensitive quantities

For measurement of phase-sensitive quantities, the impulsive sound shall be such that the lowest level of the portion of
interest of the waveform is at least 5 dB above the level of the background:noise and within the dynamic range limits of
the system.

NOTE — For measurement of the time of a "zero crossing" (when the sound pressure changes sign), this background|noise level
requirement dgfines a range of uncertainty for the measurement.

5.5 Uncgertainty

No significange can be attached to a measurement.of‘any quantity unless its uncertainty is known. Such infgrmation is
especially important when the purpose of the measurement is to decide whether a product is acceptable to a[purchaser
or even whether it conforms with legal requirements. No matter which physical quantity is being measured, the result is
derived from|[ a complex situation and can‘be affected to a significant degree by the acoustical enviropment, the
measurement equipment and the operating conditions of the source. Methods of the kind given in ISO 7574(and in the
BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML guidel25], should be used to estimate the measurement uncertaipty, that is
the range within which the true valu@is estimated to lie, at a given confidence level.

NOTE — I1SO |3740 on the .determination of sound power levels of machinery gives values of the standard deviation of
reproducibility

6 Dara presentation

All instruments, including those used for data presentation, shall meet the measurement system requirements given in
clause 4.

6.1 Phase-sensitive quantities

6.1.1 General

Phase sensitive quantities include peak sound pressure, A-duration, B-duration, C-duration and rise time. These
quantities may be obtained from pictorial displays of the entire pressure-time history using oscilloscopes or similar

instruments. The test report shall describe the entire measurement system with specific reference to the characteristics
in4.2.
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6.1.2 Frequency description or weighting

When frequency weighting networks or filters are used to modify the frequency response in a defined way, data or
pictorial records shall be identified in terms of that frequency weighting network or filter (e.g. peak C-weighted sound
pressure level).

When band pass filters other than those complying with IEC 1260 are used, the test report shall define the attenuation
rate outside of the pass band over the frequency ranges from each band-edge frequency to at least 60 dB below the
minimum transmission response in the pass band. When no frequency weighting networks or filters are used to limit
the frequency response in a defined way, data or pictorial records shall include a specific notation of the limiting factors
such as bandwidth or system rise time.

6.2 h’ime—integrated quantities

Time-integrated descriptors include such quantities as frequency-weighted sound exposure level and [sound energy
level. The|test report shall describe the entire measurement system with specific reference to the’requirements in 4.3.

6.2.1 Frequency description or weighting
When frequency-weighting networks or filters are used to modify the system frequency response in a degfined way, the
measured quantity shall be identified in terms of frequency weighting or filter bandwidth. The measurement frequency
band shall be reported by stating the standardized frequency weighting, the bandwidth and centre frequency, or the
band limits. The measurement duration or the beginning and ending measurement times shall be reporteql.
EXAMPLES

1 2 min, 1 000 Hz one-third-octave-band sound exposure:level
2 35[s, 175 Hz to 610 Hz band sound exposure level

When nolfrequency weighting networks or filters are used to limit the system frequency response in a defined way, the
test report shall include a specific notation of limiting factors such as the frequency response of the microphone and the
bandwidth of the measurement system.

6.2.2 Spectra

The freqliency content of a trapsient event shall be described by the sound exposure level in constgnt percentage
bandwidth (e.g. one octave or@re-third octave) or in constant bandwidth (e.g. one hertz).

6.2.3 Measurement duration

For sound exposufé)or sound energy, the measurement duration or the beginning and ending measurement times
shall be reported:

6.3 General site and procedural information

6.3.1 Calibration

The report shall include the results of instrument calibrations performed before and after the measurements. For
measurements lasting well over one hour, additional calibrations shall be made and shall be reported at approximately
hourly intervals.

6.3.2 Meteorological conditions (outdoor measurements)

The report shall include

(a)  wind speed and direction;
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(b)  ambient temperature;

(c) relative humidity; and

(d)  barometric pressure

before and after the measurements.

For measurements at a large distance from the source, additional meteorological data shall be reported, such as
temperature and wind velocity gradients.

6.3.3 Site[description
The report shall include:
a) a physital and topographical description of the measurement surface in the vicinity of the measurement site;

b) a map [indicating the measurement site location(s) and another map (possibly more detailed) indi¢ating the
approximate location of the noise source(s) with respect to the microphone positions;

c) a diagram of the measurement site area including the location of reflective surfaces near the microphone
positior](s);

d) a descirjption of the sound source(s) and their operating conditions.
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Annex A
(informative)

Signal handling limitations in transient measurement and analysis

Waveform distortion can occur during transient analysis if the signal rate of change over time falls outside a specified
range. Any portion of the signal waveform with a slope greater than the slew-rate limit of any given amplifier will be
distorted into a straight line segment with slope equal to the slew-rate limit. Conversely, long duration pulses can vary
so slowly that the amplifier output "droops”. This annex provides information that relates these forms of distortion to

instrumer

AA1

The slew
when a
slew-rate

The effec
reference

All signa
amplitudg
without G

fn= St

™ lonu
where

Sy [is the slew-rate limit, in volts per second;

U |is the output sinusoidal amplitude, in volts.
For a given S, the amplifier will distort the output signal if the product of (2rnU)f, is greater than this S,.
Closely related terms which-are frequently used are the large-signal frequency limit and the full-power 4
large-signal frequency limit'fy is the highest frequency at which the amplifier will deliver an undistorted oy
is found by using eqiiation (A.1) with U equal to the maximum output voltage of the amplifier. Likewise

bandwidth By is the.frequency range over which full undistorted power can be delivered, and is given by

where

{ pertormance specifications so that these limitations can be recognized and avolided.
Slew-rate limit of amplifiers

rate limit gives the maximum rate of change possible for an amplifier's output voltage® The limit
bhase compensation capacitor begins to charge at the maximum rate set by)the current
varies from 5 x 105 V/s for general-purpose operational amplifiers to 2 x4Q9 V/s for wide b
ts of the slew-rate limit on short-duration and steadily fluctuating signals wilhnow be considered
(35]).

s can, in theory, be represented by a combination of many“\sinusoidal signals, each h
s, frequencies, and phases. The maximum sine wave frequency fy, in hertz, which an amplif

By=Yx - f1

Ausing the output to take on a triangular shape, is a function of the amplitude of the sin
waveforn) and is expressed by

usually occurs
available. The
hnd amplifiers.
(see annex E,

aving different
er can sustain
usoidal output

)

andwidth. The
tput voltage. It
the full-power

- (A2)

fx is the large-signal frequency limit, in hertz;

f1 is the lower band-edge frequency, in hertz.

For example, a general-purpose operational amplifier might have the following characteristics:

Sy=5x105V/s

U=135V
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f1=0HZ
fX=Bx=5,9X103HZ

fin=5,9% 103 Hz

© 1SO

The step-voltage response of the amplifier may also be affected by the slew-rate limit. Most amplifiers have a

frequency response that is flat to an upper band-edge frequency after which the response falls off at t
approximately 6 dB per octave. The rise time T; for such amplifiers is

035

he rate of

r

f2

where f, is thg upper band-edge frequency, in hertz (Hz).

.. (A.3)

Normally, the|rise time is independent of the magnitude of the voltage step Us. However, the.voltage becomes large

enough to "slgw-rate limit" the measurement system when

Us
T

:Sr

The output will then be a ramp function with a slope of S;. The limiting voltage step can be expressed as

| 0,355,

Us
fa

A.2 Drgop
For droop to bpe less than 5 %, the duration D of a pulSe'is limited by

0,05
2nf;

D s

A3 Smiall signal bandwidth

. (A4

.. (A5)

.. (A.6)

The small-signal bandwidtiiisvthe frequency range over which the amplifier response to a sinusoidal inpyt signal is

within 0 dB tp -3 dB of the maximum response provided there is no slew-rate limiting. The transition vo
"small" signals to "large*.signals is found by substituting the upper band-edge frequency f, into equation (A.

tage from
)- Signals

less than U in amplitude are considered small; the range of frequencies for such signals is called the sinall-signal

bandwidth or[more'simply, the bandwidth,

B=f-f
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Annex B
(informative)

Methods for the large-amplitude impulse calibration of microphones

B.1

General

This annex describes a method for calibrating microphones which are to be used to measure high-amplitude, low-

frequency)

provides
method i
to obtain

B.2

The micr

burst, all

microphd

peak val

measure

change

low-frequency performance.

Description of the method

pwing the air to quickly escape, thus presenting a step-function decrease in pressure to the m
ne output voltage is observed and stored on a suitable device such as a storage oscilloscope
I

n voltage when the membrane is burst directly corresponds to the initial pressure (with

b intended primarily for un-vented microphones or for microphones for which the vent has\bee

bphone is enclosed within a thin membrane which is inflated to the required pressure. The me

f the system, it
b system. This
n sealed so as

mbrane is then
crophone. The
as it rises to a

ue (or decays to a negative "peak") and then decays to zefo./The time constant of the decay curve is
i and used to calculate the microphone system'’s low-frequency:response. The maximum, neal

-instantaneous
respect to the

atmospheric pressure) within the membrane before it is burst.

B.3 Implementation of hardware

One way| to implement this method (for a microphone-of type WS1) is shown in figures B.1 and B.2.

a) The microphone and follower amplifier fits.within the apparatus. An "O-ring" within the apparatus forms a seal to
the microphone follower amplifier.

b) The membrane is placed on the-outside of the apparatus and inflated by introducing air through the small supply
tube within the wall of the apparatus.

c) A[small electric or manual air pump is connected to the pump line and a manometer (typicajly a slant-tube
manometer) is connected to its connection point.

d) A|storage oscilloscope or other similar device is connected to the output of the microphone fgllower (usually
through a microphone power supply).
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Microphone (type WS1)

Sealant

0-ring
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Dimensions in millimetres

100

75

—

@33

@ 40

To manometer

Valves
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Figure B.1 — Example of adaptor
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Key

Membrane

Air pymp

Manometer

Adapftor with follower inside
Tripo

FM carrier

Oscillposcope

NO O hWN =

Figure B.2 — Example of calibration equipment

B.4 Procedure

a) Seléct a membrane which will inflate at the desired calibration sound pressure level, typically between 135 dB
an%i 175 dB.

b) With all hardware in place and both valves open, inflate the membrane.
c) Close the pump valve and record the static pressure, in pascals.

d) Close the manometer valve and burst the membrane using a flame or other device which wili not alter the
inflated membrane volume before bursting.

NOTE — A pointed object will decrease the volume (increase the pressure) until the elastic limit of the membrane is reached and
the pointed object breaks the membrane.
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€) The recorded microphone output (figure B.3) directly shows the near-instantaneous change in voltage, and
the low-frequency time constant is readily calculated. The ratio of the near-instantaneous change in voltage to
the static pressure in the membrane before it is burst is the microphone sensitivity, in volts per pascal.

Offdet

Voltage
o

Peak

Timeconstant

Figure B.3 — Microphone response curve
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