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Foreword 

ISO (the International Organization for Standardization) is a worldwide 
federation of national Standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. ISO collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an lnter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. 

International Standard ISO 6926 was prepared by Technical Committee 
ISO/TC 43, Acoustics. 

Annex A of this International Standard is for information only. 
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Introduction 

Reference Sound sources are used extensively in “comparison 
methods” for determining the noise emissions of stationary Sound 
sources. A reference Sound Source, of known Sound power output, is 
used to establish the numerical relationship between the Sound power 
level of a Source, in a given location in a given acoustical environment, 
and the space- and time-average Sound pressure level at a set of 
microphone positions. Once that relationship is established, it is 
straightforward to measure the average Sound pressure level produced 
by an Wnknown Source” and to compute the Sound power level prod- 
uced by that Source. 

This International Standard defrnes key Performance characteristics of 
reference Sound sources and specifies procedures for their calibration. 

This International Standard Supplements a series of International Stan- 
dards, the ISO 3740’) series, that describes various methods for deter- 
mining the Sound power levels of machines and equipment. This series 
specifies the acoustical requirements for measurements that are ap- 
propriate for different test environments. 

Six International Standards in the ISO 3740 series include procedures in 
which a reference Sound Source is used: ISO 3741, ISO 3742, ISO 3743, 
ISO 3744, ISO 3746 and ISO 3747. ISO 3740 gives guidelines for the use 
of all the International Standards in the series. 

lt should be noted in ISO 3744 and ISO 3747 that a reference Sound 
Source may be used in environments other than a free field over a re- 
flecting plane. In such environments, the Sound power and mode of 

1) ISO 3740:1980, Acoustics - Determination of sound power levek of noise 
sources - Guidelines for the use of basic Standards and for the preparation of 
noise test Codes 

ISO 3741:1988, Acoustics - Determination of soun ld power levels of noise 
sources - Precision methods for broad-band sources in reverb eration rooms 

ISO 3742:1988, Acoustics - Determination of Sound power Levels of noise 
sources - Precision methods for discrete-frequency and narrow-band sources 
in reverberation rooms 

ISO 3743:1988, Acoustics - Determination of Sound power ievels of noise 
sources - Engineering methods for special reverberation test rooms 

ISO 3744: 198 1, Acoustics - Determination of Sound power ievek of noise 
sources - Engineering methods for free-field conditions over a reflecting plane 

ISO 3745: 1 977, Acoustics - De termination 0 f Sound power /evels 
sources - Precision methods for anechoic and semi-anechoic rooms 

of noise 

ISO 3746:1979, Acoustics - Determination of Sound power levek of noise 
sources - Survey method 

ISO 3747:1987, Acoustics - Determination of Sound power /eve/s of noise 
sources - Survey method using a reference Sound Source. 

. . . 
Ill 
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acoustic radiation may differ from the basic calibration data which are 
determined with the reference Sound Source mounted directly on the 
reflecting plane of a hemi-anechoic room. At the request of users, 
manufacturers of reference Sound sources should provide information 
about the magnitude of the changes in such environments. 

Several types of reference Sound Source are described in annex A. 

l+JOTE 1 In addition to being useful for determining Sound power levels by the 
comparison method, reference Sound sources may be used for qualification 
tests on an acoustic environment and to estimate the influence of an acoustic 
environment on the Sound pressure levels produced by one or more Sound 
sources located in that environment. 
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INTERNATIONAL STANDARD ISO 6926:1990(E) 

Acoustics - Determination of Sound power levels of noise 
sources - Requirements for the Performance and calibration 
of reference Sound sources 

1 Scope 

1 .l General 

This International Standard specifies the essential 
acoustical Performance requirements of reference 
Sound sources. 

lt specifies procedures for calibrating a Sound 
Source intended for use as a reference Sound 
Source in terms of its Sound power levels in octave 
and one-third octave bands and with frequency 
weighting A. 

To achieve uniform and accurate results, this Inter- 
national Standard requires that the calibration be 
performed in the acoustic environment provided by 
a hemi-anechoic room, i.e. a free field over a re- 
flecting plane. The reference Sound Source operates 
on the reflecting plane and radiates Sound into the 
free fleld above the plane. 

lt specifies the detailed procedures necessary to 
achieve the estimated calibration uncertainty given 
in table 1. 

This International Standard applies to a Sound 
Source which is manufactured for use as a reference 
Sound Source. 

1.2 Measurement uncertainty 

Calibration of a reference Sound Source, when car- 
ried out in accordance with this International Stan- 
dard, is expressed in terms of the Sound power level 
of the Source while it is radiating into an acoustic 
free field above a reflecting plane. Determination of 
the Sound power levels of a reference Sound Source, 
when made in accordance with this International 
Standard in several laboratories, tends to result. in 
Standard deviations which are equal to or less than 
those given in table 1. The Standard deviations of 
table 1 take into account the cumulative effects of all 

Table 1 - Estimated Standard deviation of Sound 
power level calibrations of reference Sound sources 

in hemi-anechoic rooms 

Octave band 
centre 

frequency 

Hz 

125 
250 to 4 000 

8 000 

One-third 
octave band 

centre 
frequency 

Standard 
deviation 

Hz dB 

100 to 160 1 
200 to 5 000 03 

6 300 to 10 000 1 

Causes of measurement uncertainty. The A-weighted 
Sound power level is determined with a Standard 
deviation of less than 1 dß. 

NOTES 

2 The Standard deviations listed in table 1 are measures 
of the uncertainties associated with the test methods de- 
fined in this International Standard. If a particular refer- 
ence Sound Source were to be transported to each of a 
large number of laboratories, and if, at each laboratory, 
the Sound power of that Source were measured in ac- 
cordante with the provisions of this International Stan- 
dard, the Standard deviation, as a function of frequency, 
of these many Sound power determinations could be cal- 
culated. 

3 If a similar round robin series of measurements were 
to be carried out on each of a large number of other ref- 
erence Sound sources, this procedure would correspond 
to the random selection of a Sound Source and the random 
selection of a laboratory. It is not these Standard devi- 
ations that have been estimated and are Iisted in table 1. 
The uncertainties given in table 1 apply only to the par- 
ticular Source that is being calibrated. The calibration of 
a particular reference Sound Source does not apply to 
another reference Sound Source of the same design and 
manufacture unless statistical data are available to spec- 
ify the additional uncertainty introduced by product vari- 
ability. 
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2 Normative references one-third octave band Sound power level, etc. The 
reference Sound power is 1 pW (= IO-12 W). 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and Parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the Standards in- 
dicated below. Members of IEC and ISO maintain 
registers of currently valid International Standards. 

ISO 3745:1977, Acoustics - Detet-mination of Sound 
power Levels of noise sources - Precision methods 
for anechoic and semi-anechoic rooms. 

EC 651:1979, Sound Level meters. 

3 Definitions 

For the purposes of this International Standard, the 
following definitions apply. 

3.1 free field over a reflecting plane: Sound field in 
a homogeneous, isotropic medium produced by a 
Source in the half-space above a rigid reflecting 
plane surface on which the Source is located. 

3.2 hemi-anechoic room: Test room with a hard, 
reflecting floor whose other surfaces absorb essen- 
tially all the incident Sound energy over the fre- 
quency range of interest, thereby affording free-field 
conditions above a reflecting plane. For the pur- 
poses of this International Standard, a test room 
with a hard floor meeting the requirements of 
ISO 3745. 

3.3 surface Sound pressure: The Sound pressure 
averaged on a mean-Square basis (Square root of 
the squared value) in time, and in space (i.e., over 
all microphone positions on the measurement sur- 
face). 

3.4 surface Sound pressure level, Lp, in decibels: 
Ten times the logarithm to the base IO of the ratio 
of the Square of the surface Sound pressure to the 
Square of the reference Sound pressure. The fre- 
quency weighting or the width of the frequency band 
used is indicated; for example, A-weighted surface 
Sound pressure level, octave-band surface Sound 
pressure level, one-third octave-band surface pres- 
Sure level, etc. The reference Sound pressure is 
20 ppa. 

3.5 Sound power level, LW, in decibels: Ten times 
the logarithm to the base 10 of the ratio of a given 
Sound power to the reference Sound power. The 
frequency weighting or the width of the frequency 
band used is indicated; for example, A-weighted 
Sound power level, octave-band Sound power level, 

3.6 measurement surface: Hypothetical surface en- 
veloping the Source on which the measuring Points 
are located. For the purposes of this International 
Standard, the measurement surface is a hemi- 
sphere. 

3.7 far field: That Portion of the radiation field of a 
Sound Source in which the Sound pressure level de- 
creases by 3 dß for each doubling of the area of the 
measurement surface. This attenuation rate is 
equivalent to a decrease of 6 dB for each doubling 
of the distance from a Point Source. In the far field, 
the mean-Square Sound pressure is proportional to 
the total acoustic power radiated by the Source. 

3.8 near field: That Portion of the radiation field of 
a Sound Source which lies between the Source and 
the far field. 

3.9 directivity index (free field over a reflecting 
plane), Nb,: The directivity index, in decibels, of the 
Source when radiating into a free field over a re- 
flecting plane, as calculated from measurements in 
a hemi-anechoic room by the equation 

N DI = L pi -i7+3 

where Lpi is the Sound pressure level, in decibels, 
as measured in the far field of the Source in the 
particular direction in which ND, is desired and ‘7P is 
the surface Sound pressure level, at the Same dis- 
tance, averaged over the hemispherical measure- 
ment surface, using the procedures given in clause 
E.2 of ISO 374511977. 

3.10 frequency range of interest: For general pur- 
poses, the octave bands with midband frequencies 
from 125 Hz to 8000 Hz or the one-third octave 
bands with midband frequencies from 100 Hz to 
10000 Hz. 

4 Performance requirements 

4.1 Stability of the Sound power output 

The reference Sound Source shall be designed and 
constructed so that the Sound power level in each 
one-third octave band over the frequency range of 
interest tan readily be maintained to within + 0,s dB 
of the level that was determined by calibrafion of a 
given unit. 

The manufacturer of the reference Sound Source 
shall state the range of Variation of the Source of 
electrical or mechanical power (for example, the 
supply voltage) within which the Sound power level 
in any one-third octave band within the frequency 
range of interest shall not vary by more than 
+0,3 dB. The manufacturer shall provide proce- 
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dures to adjust the Sound power ievels produced by 
the reference Sound Source for the influence of 
larger variations in the Source of electrical voltage 
or mechanical power. 

NOTE 4 The Sound power level of a reference Sound 
Source may depend upon the atmospheric pressure and 
the air temperature. For use at extreme temperatures or 
altitudes, the manufacturer should supply appropriate 
corrections, and their uncertainties, for the influence of 
air temperature and atmospheric pressure on Sound 
power level. 

4,2 Total broad-band Sound power level 

Because of the many diverse uses of reference 
Sound sources, no specific requirements are placed 
upon the total broad-band Sound power level prod- 
uced by a reference Sound Source. However, if the 
total broad-band Sound power level is reported, the 
corresponding frequency range shall also be re- 
ported. 

4.3 Spectral characteristics 

The reference Sound Source shall produce broad- 
band steady Sound over the frequency range in 
which it is intended for use, preferably for one-third 
octave midband frequencies between 100 Hz an.d 
10000 Hz. Over this frequency range, all the one- 
third octave-band Sound power levels, when meas- 
ured in a hemi-anechoic room in conformity with the 
requirements of clause 5, shall be within a range of 
12 dß. Under these Same measuring conditions, and 
over this Same frequency range, the Sound power 
level in each one-third octave band shall not deviate 
by more than +3 dB from the Sound power level in 
the adjacent o&-third octave bands. 

For some purposes, it may be desirable for special 
Sound sources to meet these criteria over a more 
limited frequency range or for a different spectrum 
shape. If a reference Sound Source does not comply 
with the requirements of this International Standard 
over the frequency range from 100 Hz to 10000 Hz, 
the manufacturer shall state the one-third octave- 
band Sound power levels of the reference Sound 
Source, and also state that the frequency response 
of the reference Sound Source does not comply with 
this International Standard. 

4.4 Directivity index 

The highest value of the directivity index of the 
Source, ND!, in any one-third octave band with 
midband frequency between 100 Hz and 10000 Hz, 
shall not exceed 9 dB (i.e. 6 dß greater than the 
3 dß directivity index for uniform hemispherical ra- 
diation) when measured in a hemi-anechoic room 
complying with clause 5. 

If the discrete array of 5.3.1 is used, the highest 
value of the directivity index for each one-third 
octave band shall be computed from the largest of 
the measured Sound pressure levels for that fre- 
quency band. If one of the traversing arrays of 5.3 is 
used, the highest Sound pressure level (with the 
measuring instrument set for “slow” response) for 
each one-third octave band during the traverse shall 
be recorded and used to compute the highest value 
of the directivity index. 

4.5 Mechanical characteristics 

Annex A gives guidelines for the mechanical char- 
acteristics of various types of reference Sound 
sources. 

4.6 Recalibration 

The manufacturer shall recommend the maximum 
time interval between successive calibrations. Dur- 
ing this interval, changes in the Sound power levels 
of the reference Sound Source shall not exceed the 
limits given in 4.1. 

NOTE 5 In Order to determine whether or not recali- 
bration of a reference Sound Source is necessary during 
the recommended maximum time interval, one-third 
octave-band Sound pressure levels should be measured 
occasionally at one or more fixed reference Points (for 
example, at time intervals and locations recommended 
by the manufacturer) with the Source operating at a spe- 
cific location in a hemi-anechoic environment. lf, after us- 
ing manufacturer-specified procedures to adjust the 
measured Sound pressure levels to constant environ- 
mental conditions when necessary, changes in any one- 
third octave band Sound pressure level exceed the limits 
of 4.1, recalibration of the reference Sound Source may 
be necessary. 

5 Calibration of reference Sound Source 

5.1 Installation and Operation 

The Source to be calibrated shall be placed on the 
reflecting plane and oriented as in normal usage. lt 
shall be operated in accordance with the manufac- 
turer’s instructions. 

The essential characteristics of the Source of me- 
chanical or electrical power (for example line volt- 
age and frequency) and the relevant operating 
Parameters of the reference Sound Source (for ex- 
ample rotational Speed of an aerodynamic Source) 
shall be recorded. 

NOTE 6 It may be necessary to use auxiliary equipment 
to measure the relevant operating Parameters (for exam- 
ple, a stroboscope to determine rotational Speed). 

The reference Sound Source shall be in a stable op- 
erating condition before any measurements (either 
acoustic or of operating Parameters) are made. 
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5.2 Test environment 5.3.3 Meridional paths 

Calibrations made in accordance with this Inter- 
national Standard shall be carried out indoors in a 
hemi-anechoic room that meets or exceeds the 
qualification requirements of annex A of ISO 
3745:1977. The floor of the hemi-a,nechoic room shall 
extend at least 1 m in each horizontal direction be- 
yond the projection of the measurement surface 
onto the floor. Because the environmental condi- 
tions cannot be controlled, outdoor measurements 
are not permitted by this International Standard. 

During the calibration measurements, the temper- 
ature in the hemi-anechoic room shall be main- 
tained between 40°C and 30°C with a maximum 
Variation of & 3 “C during any individual calibration. 
The relative humidity shall be maintained between 
30 % and 80 %. 

The background noise level in each one-third octave 
band over the frequency range from 100 Hz to 
10000 Hz shall be at least 15 dB below the one-third 
octave band Sound pressure level produced by the 
reference Sound Source at all microphone positions. 

5.3 Microphone positions 

A hemispherical measurement surface with a radius 
of at least 2 m shall be used. lt shall be centred on 
the projection of the centre of the radiating surface 
of the Sound Source (as defined by the manufac- 
turer) onto the reflecting plane. One of the sets of 
microphone positions given in 5.3.1 to 5.3.4 shall be 
used. 

5.3.1 Discrete position array 

If discrete microphone positions are selected, the 
array given in annex C of ISO 3745:1977 shall be 
used. The ten-microphone array shall be rotated 
through 30” about a vertical axis that is perpendic- 
ular to the floor of the test rooti and Passes through 
the centre of the radiating surface of the Sound 
Source (as defined by the manufacturer), and the 
measurements shall be repeated. Alternatively, in- 
stead of using the rotated array, nine additional 
microphone positions may be Chosen to be added 
to the ten-microphone array, so that Sound pressure 
level measurements are made. at 19 different pos- 
itions. 

5.3.2 Circular paths 

If the microphones are traversed through circular 
paths around the vertical axis of the measurement 
surface (analogous to the paths shown in annex D 
of ISO 3745:1977), at least ten microphone heights 
shall be used, corresponding to z = 0,05r; 0,15r; 
0,25r; 0,35v; 0,45r; 0,55r; 0,65r; 0,751~; 0,85r and 0,95r, 
where Y is the 2 m radius of the hemispherical 
measurement surface. 

If the microphones are traversed along meridional 
paths, as shown in annex F of ISO 3745:1977, at least 
eight traverses at 45O increments around the vertical 
axis of the measurement surface shall be used. If 
the traverses are made at a constant angular Speed, 
a sine Potentiometer (or its electrical or mathemat- 
ical equivalent) shall be used to obtain proper 
weighting for the surface area associated with the 
time required for the microphone to traverse a given 
arc length. If the traverse is conducted such that the 
microphone moves at a constant vertical Speed (i.e. 
the angular Speed is inversely proportional to the 
sine of the angle between the angular Position of the 
microphone and the vertical axis of the measure- 
ment surface), no area weighting shall be applied. 

5.3.4 Spiral path 

ff the microphone is traversed along one meridional 
path as in 5.3.3 , and simultaneously traversed 
through circular paths as in 5.3.2, thus forming a 
spiral path around the vet-tical axis of the measure- 
ment surface, an integral number of at least five 
circular paths shall be used. Alternatively, a spiral 
path may be generated by slowly rotating the refer- 
ence Sound Source at a constant rotational Speed 
through one complete turn while traversing the 
microphone along a meridional path. Area weighting 
as in 5.3.3 shall be used, if required. 

5.4 Measurements 

Sound pressure levels shall be measured in ac- 
cordante with ISO 3745. 

One-third octave-band Sound pressure levels shall 
be measured. Octave-band and A-weighted Sound 
pressure levels may be measured directly or calcu- 
lated, on a mean-Square Sound pressure basis, from 
the one-third octave-band data. The A-weighting as 
a function of frequency shall comply with IEC 651. 

5.5 Calculations 

One-third octave-band surface Sound pressure lev- 
els shall be calculated in accordance with ISO 3745. 
If octave-band and A-weighted Sound pressure lev- 
els are measured directly, corresponding surface 
Sound pressure levels shall also be computed. 

One-third octave-band, octave-band, and A- 
weighted Sound power levels shall be calculated in 
accordance with ISO 3745 from the measured (or 
calculated) surface Sound pressure levels. 

The highest value of the directivity index of the 
Source, IV,,, shall be calculated for each one-third 
octave band. 
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6 Information to be recorded 

The information to be recorded shall be as specified 
in clause 9 of ISO 3745:1977. For calibration of a ref- 
erence Sound Source in accordance with clause 5, 
measured Sound pressure levels and calculated 
surface Sound pressure and Sound power levels 
shall be recorded at least to the nearest 0,l dB. 

7 Information to be reported 

7.1 General 

General information to be reported shall be as 
specified in clause 10 of ISO 3745:1977. 

7.2 Calibration of an individual reference 
Sound Source (in accordance with clause 5) 

The report shall indicate whether or not the cali- 
bration has been carried out in full conformity with 
the procedures of this International Standard. The 
report shall also indicate whether or not the spectral 
uniformity camplies with 4.3 and whether or not the 
directivity index camplies with 4.4. 

The Sound power levels for octave bands having 
midband frequencies from 125 Hz to 8000 Hz, for 
one-third octave bands having midband frequencies 
from 100 Hz to 10000 Hz, and for A-weighting shall 
be reported to the nearest 0,l dB. The report shall 
state that the Sound power levels are in decibels 
(reference: 1 pW). 

The highest value of the directivity index of the 
Source for one-third octave bands having midband 
frequencies from 100 Hz to 10000 Hz shall be re- 
ported to the nearest 0,5 dß. For each frequency, the 
direction corresponding to the maximum directivity 
index shall be reported. 

The temperature, relative humidity and barometric 
pressure at the time of calibration shall be reported. 
If adjustments to specified environmental conditions 
(see 4.1) are made, such adjustments and their 
method of determination shall be reported. 

The essential characteristics of the Source of elec- 
trical or mechanical power and the relevant operat- 
ing Parameters of the reference Sound Source (see 
5.1) shall be reported. 
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