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INTERNATIONAL STANDARD

ISO 3745-1977 (E)

Acoustics — Determination of sound power levels of noise
sources — Precision methods for anechoic and semi-anechoic

rooms

0.1 RELATED INTERNATIONAL STANDARDS

This Intefnational Standard is one of a series specifying
various mgthods for determining the sound power levels of

machines
only the

acoustical

requirements

for

and equipment. These basic documents specify
measurements

appropriate for different test environments as shown in

table 1.

When applying these basic documents, it is necessary to
decide which one is most appropriate for the conditions and

purposes of the test. The operating and(mount
of the machine or equipment to.be teste
accordance with the general principles state

documents.

Guidelines for making\these decisions are p
3740. If no sound™test code is specified f
machine, the miounting and operating cond
fully described. in the test report.

TABLE 1 — International Standards specifying various méthods for determining the sound power levels

of machines and

equipment

ing conditions
d must be in
d in the basic

ovided in ISO
br a particular
tions shall be

Internatipnal g a:
Classification . Veolume Character Sound power levels | Optignal information
Standald Test environment R . .
No.¥ of method of source of noise obtainable available
3741 Steady,
> broad-band
Reverberation . .
- In one-third A-wgighted sound
.. room meeting
Precision specified Steady, octave or octave power
i . discrete- bands level
3747 fequirements
Preferably less frequency or
than 1 % of test narrow-band
room volume
Steady,
Special broad-band . .
4 \ . P A-weighted and Othgr weighted sound
3743 Engineering reverberant narrow-band, .
X in octave bands power levels
test room discrete-
frequency
. Largest . L
. . Outdoors or in . 9 N Directivity infor-
3744 Engineering dimension Any X R
large room A-weighted and mation and sound
less than 15,0 m . X
e in one-third pressure levels as a
octave or octave function of time;
Anechoic or Preferably less bands other weighted sound
3745 Precision semi-anechoic than 0,5 % of Any power levels
room test room volume
e Steady,
No restrictions : M Sound pressure levels
. .. broad-band, i i
No special test limited only by . as a function of time;
3746 Survey . . narrow-band, A-weighted .
environment available test discrete other weighted sound
environment power levels
frequency

* See clause 2.
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0.2 SYNOPSIS OF 1SO 3745
Applicability
Test environment

Free field (anechoic room) or free field over a reflecting
plane (semi-anechoic room).

Type of source

Device, machine, component, subassembly.

The determination of the sound power radiated by a
sound source in a completely free field or in a free field
above a reflecting plane is based on the premise that the
reverberant field produced by the source is negligible and
that the total radiated power is obtained from the mean-
square sound pressure averaged in time and in space over a
hypothetical sphere or hemisphere surrounding the source.
The radius of the sphere or hemisphere is chosen so that
its surface is in the far radiation field of the source.

This International Standard, together with the others in

Size of noise sofirce

Volume of the source preferably less than 0,5 % of test
room volumg.

Character of nojse radiated by the source
All types.
Accuracy

Precision (sfandard deviation for determining sound
power levels|for 1 kHz octave band is less than or equal
to 0,5 dB fqr anechoic rooms and less than or equal to
1,0 dB for sgmi-anechoic rooms).

Quantities to b¢ measured

Sound pressprre levels (weighted and in frequency bands)
over a prescrlibed surface.

Quantities to b¢ calculated

Weighted spund power level (A is required; other
weightings afe optional).

Sound powef levels in frequency bands.

Directivity characteristics of the source (optional).

0.3 INTRODUYCTION

This International Standard specifies in detail two
laboratory methods for determining the sound power
radiated by a dlevice, machiné/c6mponent or subassembly

using a labo
acoustical cha
used to meas

atory anechoic room having prescribed
acteristics;\While other methods could be
ire the,onoise emitted by machinery and

equipment, th
Standard are p

e _methods specified in this International

hrticularly useful for rating the sound output

this series (see table 1), supersedes ISO/R 4390%.

1 SCOPE AND FIELD OF APPLICATION

1.1 General

This International Standard—specifies two [|aboratory
methods for determining thé.sound power level of a source.
It gives requirements for ‘the test room, as well as the
source location, operating conditions and instr:jEentation.
Techniques are specified for obtaining an estimpte of the
surface sound pressure level from which the| weighted
sound power Jlevel of the source as well as the soynd power
level in octave or one-third octave bands may be ¢alculated.
It is intended to prescribe techniques for [acoustical
measuréments that may be used in test codes for| particular
types of equipment.

1.2 Field of application

1.2.1 Types of noise

This International Standard applies to sourges which
produce sound that is uniformly distributed in[frequency
over the frequency range of interest and is relatiyely steady
for at least 30 s. The spectrum of the sound| may also
include prominent discrete-frequency compgnents or
narrow bands of noise. The procedures specified in this
International Standard may also be applied to squrces that
emit non-steady noise as defined in ISO 2204{ with the
exception of an isolated burst of sound energy, |or a burst
train with a repetition rate less than 10 per segond. (See
annex | for guidelines on the detection of impulsive noise.)

1.2.2 Size of source

Thic lnternational Standard npplie_s_p_r_j_ma_r_i]¥ to small

of sources which produce steady noise and for which
directivity information on the source may be desired.

The methods specified in this International Standard
yield physical data that may be used for the following
purposes :

1) rating apparatus according to its sound power
output;

2) establishing sound control measures;

3) predicting the sound pressure levels produced by
a device in a given enclosure or environment.

Techniques for utilizing the physical data for these special
purposes are not included in this International Standard.

2

sound sources, i.e. sources whose volumes are preferably
less than 0,5 % of the volume of the test room used for
the measurements. This restriction is necessary to ensure
that the hypothetical sphere or hemisphere surrounding
the sources lies in the far radiation field of the source.

1.3 Measurement uncertainty

Measurements made in conformity with this International
Standard tend to result in standard deviations which are
equal to or less than those given in tables 2 and 3. The
standard deviations of tables 2 and 3 reflect the cumulative
effects of all causes of measurement uncertainty, excluding
variations in the sound power of the source from test to
test.


https://standardsiso.com/api/?name=9e7ea8e2baa6eaf52124e9ac7b47082f

The major cause of uncertainty in determining sound power
in an anechoic room is the spatial irregularity of the sound
field due to the directivity of the source. In a semi-anechoic
room, the spatial irregularity may be increased due to the
superposition of the sound field of the actual source and
that of the image source. The directivity pattern of a
source located above a reflecting plane is generally more
complicated than that of the same source in a free field.
Moreover, the near field extends to greater distance, and
the radius of the test hemispheres is usually larger than the
radius of the test sphere that would be required in a free
field. Th i i i

levels ocqurs when measurements are made in a free field.
For this [reason, if no other constraints are present, the
free-field|environment is preferred for laboratory measure-
ments. Hpwever, it is difficult to make measurements on
some clagses of equipment under truly free-field conditions.
Some sound sources are too large to fit into existing
anechoic |[rooms, some are too heavy to be suspended in
the centre of these rooms and others are normally
supported by or associated with a hard, reflecting surface.

room prpvided the precautions specified in this Inter-
national $tandard are observed.

TABLE 2 — Uncertainty in determining sound power levels
of sound sources in anechoic rooms

Octave and centre | One-third octave band | Standard deviation
freqliencies centre frequencies of‘'mean value
Hz Hz dB
125fto 500 100 to_. | 630 1,0
1 000 fto 4 000 800-te -5 000 0,5
8000 6<300to 10 000 1,0

TABLE 3 — Uncertdinty in determining sound power levels
of sound sources in semi-anechoic rooms

1SO 3745-1977 (E)

2 REFERENCES

1ISO 266, Acoustics — Preferred frequencies for measure-

ment.

ISO/R 354, Measurement of absorption coefficients in a

reverberation room.

1ISO 2204, Acoustics — Guide to the measurement of
airbone acoustical noise and evaluation of its effects on

man.

1SO 3740, Acoustics — Determination
levels of noise sources — Guidelines for

of sound power

the use of basic

International Standards and for the’predaration of noise

test codes.

ISO 3741, Acoustics — Determination

f sound power

levels of noise sources — Précision methods for broad-band

sources in reverberation rooms.

1ISO 3742, Acoustics—s Determination ¢
levels of noise sources — Precision meth

bf sound power
bds for discrete-

frequency and,narrow-band sources in reverberation rooms.

ISO 3743, ‘Acoustics — Determination (
levels of noise sources — Engineering me
reverberation test rooms.

1SQ' 8744, Acoustics — Determination ¢

bf sound power
thods for special

bf sound power

Jevels of noise sources — Engineering methods for free-

field conditions over a reflecting plane.

ISO 3746, Acoustics — Determination (
levels of noise sources — Survey method.

IEC Publication 50(08), /nternational eled
cabulary — Electro-acoustics.

|EC Publication 179, Precision sound level

|EC Publication 179A, First supplement to
Additional characteristics for the measuren
sounds.

bf sound power

trotechnical vo-

neters.

Publication 179,
ent of impulsive

IEC Publication 225, Octave, half-octave land third-octave

band filters intended for the analysis
vibrations.

of sound and

International Standard, the

Octave qand centre | One-third octave band |Standard deviation
frequencies centre frequencies of mean value
3 DEFINITIONS
Hz Hz dB
For the purposes of this
125to 500 100to 630 1,5 following definitions apply :
1 000 to 4 000 800 to 5000 1,0
8 000 6 300 to 10 000 15 3.1 .free sound field : A field in a homogeneous, isotropic
medium free of boundaries.
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3.2 free field over a reflecting plane : A field in a homo-
geneous, isotropic medium in the half-space above an
infinite, rigid plane surface.

3.3 anechoic room : A test room whose surfaces absorb
essentially all of the incident sound energy over the
frequency range of interest, thereby affording free-field
conditions over the measurement surface.

3.4 semi-anechoic room : A test room with a hard,
reflecting floor urfaces absorb essentially all

3.10 far field : That portion of the radiation field of a
noise source in which the sound pressure level decreases by
3 dB for each doubling of the area of the measurement
surface. This 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 pressure is proportional
to the total acoustic power radiated by the source.

NOTE — For most practical sources, the far field begins at a
distance from the source which may be significantly less than 2a,
where a is the largest dimension of the source.

the incident spund energy over the frequency range of
interest, therely affording free-field conditions above a

3.5 surface s
in time on a
measurement s
fied in clause 7

nd pressure : The sound pressure averaged
ean-square basis and also averaged over the
rface using the averaging procedures speci-

3.6 surface sqund pressure level, l;, in decibels : Ten
times the logarithm to the base 10 of the ratio of the square
of the surface $ound pressure to the square of the reference
sound pressurd. The weighting network or the width of
the frequency [band used shall be indicated; for example,
A-weighted sqund pressure level, octave band sound
pressure level, lone-third octave band sound pressure level,
etc. The referemce sound pressure is 20 uPa.

3.7 sound pojer level, L, in decibels : Ten times the
logarithm to tr]le base 10 of the ratio of a given sound
power to the feference sound power. The weighting\net-
work or the width of the frequency band used shall be
indicated; for| example, A-weighted sound pdwer level,
octave band power level, one-third octave—~band power
level, etc. The feference sound power is 1 pW;{= 10712 W).

NOTE — The mpan sound pressure level at\some reference radius
is numerically different from the sound\power level and its use in
lieu of the sound|power level is not recommended..

3.8 frequency| range of interest : For general purposes, the
frequency rande of interest) includes the octave bands with
centre frequercies between 125 and 8 000 Hz and the

one-third octave -bands with centre frequencies between
100 and 10 030 Hz. Any band may be excluded in which
the level is more than elow the highest ban N

pressure level. For special purposes, the frequency range
of interest may be extended at either end, provided the
test environment and instrument accuracy are satisfactory
for use over the extended frequency range. For sources
which radiate predominantly high (or low) frequency
sound, the frequency range of interest may be limited in
order to optimize the test facility and procedures.

3.9 measurement surface : A hypothetical surface of area
S enveloping the source on which the measuring points
are located. For the purposes of this International
Standard, the measurement surface is usually a sphere or
hemisphere of radius r.

4

3.11 near field : That portion of the radiation| field of a
noise source which lies between the source. and the far
field.

3.12 volume of source under test = The volume of the

whole object under test.

4 TEST ROOM REQUIREMENTS

4.1 General

The testroom shall be large enough and shgll have a
sufficiently high value of the total sound absprption to
provide an adequate free field for all frequehcy bands
within the frequency range of interest and| for each
measurement surface selected. For guidance on [the design
of anechoic rooms, refer to annex G.

4.1.1 Criterion for room adequacy

The adequacy of the test room for measurements according
to this International Standard shall be establishefl using the
procedures of annex A.

4.1.2 Criterion for background noise

At the microphone positions, the backgroynd sound
pressure level including any noise due to the [motion of
the microphone shall be at least 6 dB and prefefably more
than 12 dB below the sound pressure level to bg measured
in each frequency band within the frequency range of
interest.

In order to make measurements in the far radiation field
of the source, it is recommended that the volume of the
test room be at least 200 times greater than the volume of
the source whose sound power level is to be determined.

4.3 Criteria for temperature and humidity

The air absorption in the test room varies with tempera-
ture and humidity, particularly at frequencies above
1 000 Hz. For measurements according to this International
Standard the temperature and the relative humidity shall be
controlled during the sound pressure level measurements
and held to as nearly constant values as practicable.
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4.4 Criteria for the reflecting plane

The reflecting plane on which the source is located shall
extend at least to the measurement surface. The sound
absorption coefficient of the reflecting plane shall not
exceed 0,06.

1SO 3745-1977 (E)

5.3 Frequency response of the instrumentation system

The frequency response of the instrumentation system,
for the angle of incidence specified by the manufacturer,
shall be flat over the frequency range of interest within
the tolerances given in table 4.

TABLE 4 — Relative tolerances for the instrumentation system

5.1 Gene¢ral

Frequency Tolerance limits
5 INSTRUMENTATION
' Hz dB
. . . 80 41,5
The |n§t umentation shall be designed tf’ measure t_he 100 to 4 000 d1o
level of the mean-square sound pressure with A-weighting
or in octave or one-third octave bands, averaged over time 5 000 to 8 000 1,5
and over| the measurement surface. Surface averaging is 10 000 2,0
usually crrried out by measuring the time-averaged sound 12 500 430
evels with a prescribed time constant for a fixed

pressure
number gf microphone positions (see 7.3) and computing
the average value according to 7.7.

NOTE — |For establishing the presence of impulsive noise, the
“impulse’’ |meter characteristics according to |IEC Publication 179A
shall be usqd in addition.

The instrbmentation used can perform the required time
averaging jin two different ways :

a) By|continuous averaging of the squared signal using
RC-smpothing with a time constant 7, . Such continuous
averaging provides only an approximation of the.ttue
time ayerage, and it places restrictions on the “settling”’
time and observation time.

NOTE + An example of an instrument employing such averaging
is a sound level meter that meets the requirements of |EC
Publicafion 179 with a ““slow’’ meter characteristic.

b) By|integrating the squared sighal over a fixed time
interva| 7. This integration,may be performed by either
digital pr analogue means,

Examples|of suitable instrumentation systems are given in
annexes Hand I.

5.2 The|microphone and its associated cable

5.4 Weighting network, frequency analysef

An A-weighting network meeting the to
Publication) 179 and an octave band or
band filter set meeting the requirements of
225 shall be used. The centre frequencies
bands shall correspond to those of ISO 266

NOTE — If other weighting networks are used
weighting, the characteristics of such networks

5.5 Calibration

Before each series of measurements, an aco

erances of IEC
bne-third octave
IEC Publication
bf the frequency

in addition to A-
shall be reported.

Listical calibrator
ed to the micro-

with an accuracy of + 0,2 dB shall be app!

one or more frequencies over the freq

ency range of

phone for calibration of the entire mearring system at

interest. The calibrator shall be checked a
that its output has not changed. In addit
calibration of the instrumentation system|
frequency range of interest shall be perforn
at least at intervals of 2 years.

nually to verify
on, an electrical
over the entire
hed periodically,

6 INSTALLATION AND OPERATION OF SOURCE

6.1 General

In many cases, the sound power emitt

bd by a source

A condenser microphone, or the equivalent in accuracy,
stability and frequency response, shall be used. The
microphone shall have a flat frequency response, over the
frequency range of interest, for the angle of incidence
specified by the manufacturer. A 13 mm (1/2 in) micro-
phone is recommended.

The microphone and its associated cable shall be chosen
so that their sensitivity does not change over the tempera-
ture range encountered in the measurement. If the micro-
phone is moved, care shall be exercised to avoid introducing
acoustical noise (for example, wind noise) or electrical
noise (for example, from gears, flexing cables, or sliding
contacts) that could interfere with the measurements.

depends—upormits—support—ormotmting—conditions as well

as the manner in which the source is operated. This clause
gives general recommendations concerning the installation
and operation of sources. Reference should be made to
specific test codes for more detailed information
concerning installation and operation of specific types of
sources (for example, rotating electrical machines).

6.2 Installation of source

Whenever a typical condition of mounting exists for the
source, that condition shall be used or simulated, if
practicable. Sources which are normally supported by or
associated with a hard surface shall be installed in a semi-
anechoic room (free field above a reflecting plane).
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6.2.1 Method of mounting

Many small sound sources (for example, ballasts for
fluorescent lamps, electric clocks, etc.), although them-
selves poor radiators of low-frequency sound, may, as a
result of the method of mounting, produce marked
increases in low-frequency sound when their vibrational
energy is transmitted to surfaces large enough to be
efficient radiators. Resilient mounting should be interposed
if possible between the device to be measured and the

used if the dgvice under test is not resiliently mounted in
typical field ihstallations. In this case, the mounting base
shall have a syfficiently high impedance to prevent it from
vibrating and fadiating sound excessively.

6.3 Choice of method

The followinf considerations dictate the method that
shall be used for determinations of sound power according
to the requirefnents of this International Standard.

6.3.1 Plane rgflecting surfaces

When a sourfe is mounted near a reflecting plane, the
power it radidtes may differ appreciably from the power it
radiates into [free space. If such a mounting is typical of
field installat{ons, the device under test shall be installed
in a semi-anechoic room (free field above a reflecting plane)
located with [respect to the hard floor as in typical field
installations. The reflecting plane is considered to be a part
of the source.

6.3.2 Free-figld environment

If the sourcel under test is not usually -mounted over a
reflecting plahe, or if no typical condition of mounting
exists, the sdurce shall be placed ,near the centre of an
anechoic roo

NOTE — Equipment normally operated on a table or stand shall
be so mounted during the teésts™ Either an anechoic or asemi-
anechoic room fnay be used.

6.4 Auxiliary equipment

Care shall be| takéen to ensure that any electrical conduits,

2) device under full load (if different from 1));
3) device under no load (idling);

4) device under operating condition corresponding
to maximum sound generation.

The sound power levels of sources may be determined for
any desired set of operating conditions (i.e. temperature,
humidity, device speed, etc.). These test conditions shall

ete 3 stant during
the test. The source shall be in a stable operatinjg condition
before any noise measurements are made.

7 DETERMINATION OF /MEAN-SQUARE PRESSURE

7.1 General

An anechoic roofw provides the preferred ¢nvironment
for measurements with the smallest uncertainty (see
table 2). HoweVer, reasonable accuracy can be dbtained in a
semi-anechoic ‘room provided the precautions [specified in
this International Standard are observed (see taljle 3).

72 Measurement surface

7.2.1 Radius of test sphere

For measurements in an anechoic room, the fypothetical
sphere which is used to determine the space average of the
mean-square sound pressure should preferably [be centered
on the acoustic centre of the sound source. As [the location
of the acoustic centre is frequently unknown| the centre
chosen (for example, the geometric centre of|the source)
shall be clearly stated in the test report. The rpdius of the
test sphere shall be equal to or greater than twige the major
source dimension, and not less than 1 m. No microphone
position shal be used which lies outside the region qualified
for measurements according to annex A.

7.2.2 Radius of test hemisphere

piping or air ducts connected to the equipment do not
radiate significant amounts of sound energy into the test
room. If practicable, all auxiliary equipment necessary
for the operation of the device under test shall be located
outside the test room and the test room shall be cleared
of all objects which may interfere with the measurements.

6.5 Operation of source during test

During the acoustical measurements, the source shall be
operated in a specified manner typical of normal use. One
or more of the following operational conditions may be
appropriate :

1) device under normal load operating at normal speed;

For measurements in a semi-anechoic room, the hypothe-
tical hemisphere shall be centered on the projection on the
floor of the centre selected according to 7.2.1. The radius
of the test hemisphere shall be equal to or greater than
twice the major source dimension, or four times the average
distance of the source from the reflecting plane, whichever
is the larger, and not less than 1 m. No microphone position
shall be used which Ties outside the region qualified for
measurements according to annex A.

NOTE — If a test hemisphere cannot be used, a measurement
surface defined by a constant distance, d (i.e. the measurement
distance) from the radiating surface of the source may be used.
The measurement distance, d, should not be less than 1 m.
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7.3 Microphone positions

7.3.1 General

To obtain the average value of the mean-square pressure on
the surface of the test sphere (or hemisphere), one of the
three following methods shall be used :

i) An array of fixed microphone positions is used,
the positions being distributed over the surface of the
test sphere (or hemisphere).

ISO 3745-1977 (E)

the number of measurement points. If this requirement is
not satisfied using the 10-point array of annex C, an
additional 10-point array may be defined by rotating the
original array of annex C by 180° about the z-axis. (The
top point on the z-axis of the new array is coincident
with the top point of the original array.) The 20 points
on the two arrays are associated with equal areas on the
surface of the test hemisphere of annex C.

NOTES

1 |If the requirement on the sufficiency of the number of measure-

NOTE [= Either a single microphone may be moved from one
positiop tc the next sequentially or a number of fixed micro-
phones| may be used and their outputs sampled sequentially.

2) THe microphone is moved along multiple parallel
circulgr paths regularly spaced on the test sphere (or

emis hare)

HCTThioPiiTiT) .

3) THe single microphone is moved along multiple
meridiponal arcs regularly spaced on the test sphere
(or hemisphere).

7.3.2 Fiked microphone positions

7.3.21 TEST SPHERE (FOR MEASUREMENTS IN A
FREE FIELD)

The array of 20 microphone positions shown in annex B
shall be uped. In general, the number of measurement points
issufficient if the difference, in decibels, between the highest
and lowe$t sound pressure levels measured in any frequency
band of |nterest is numerically less than half the number
of measufement points. If this requirement is not@atisfied
using the|20-point array of annex B, an additighah20-point
array may be defined by rotating the original array of
annex B py 180° about the z-axis. (The top and bottom
points or| the z-axis of the new array(are' coincident with
the top pnd bottom points of the original array.) The
40 pointp on the two arrays are)associated with equal
areas on the surface of the test.$phere of annex B.

NOTES

1 If the rpquirement onithe sufficiency of the number of measure-
ment poings is not satisfied by the 40 points on the two arrays, a
detailed ifivestigation\ ‘'thay be necessary of the sound pressure
levels over| a restricted area of the sphere where “beaming’” from a
highly dirgctional’ source may be observed. This detailed inves-
tigation is| necessary to determine the highest and lowest values
of the so ' + -
this procedure is followed, the microphone positions will usually
not be associated with equal areas on the surface of the test sphere
and proper allowance must be made (see 7.7.1.2).

2 For sources which are essentially non-directional, the use of
fewer microphone positions (for example, 8 or 12) may not result
in higher uncertainties than those given in table 2.

7.3.2.2 TeST HEMISPHERE (FOR MEASUREMENTS
IN A FREE FIELD OVER A REFLECTING PLANE)

The array of 10 microphone positions shown in annex C
shall be used. In general, the number of measurement
points is sufficient if the difference in decibels between
the highest and lowest sound pressure levels measured in
any frequency band of interest is numerically less than half

ment points is not satisfied by the 20 points ¢n the two arrays,
a detailed investigation may be necessary/\of\ the sound pressure
levels over a restricted area of the hemiisphere| where ‘‘beaming”
from a highly directional source may ‘beé” obsefved. This detailed
investigation is necessary to detefmine the Highest and lowest
values of the sound pressure level,in the frequency bands of interest.
If this procedure is followed, the \microphone pasitions will usually
not be associated with equal-areas on the sfirface of the test
hemisphere and proper_allowance must be rade (see 7.7.1.2).

2 To reduce errors due to interference effects cdused by reflections
from the plane, o) fewer than the 10 midrophone positions
prescribed in arineéx C shall be used even if the qource is essentially
non-directional and broad-band in character.

7.3.3 Coaxial circular paths in parallel plapes

For measurements in a free field over a [reflecting plane,
the sound pressure level is averaged in sgace and time by
moving a single microphone successively along at least
five circular paths as shown in annex [D. The annular
areas of the hemisphere associated with each circular
path are equal. The microphone is traversed at constant
speed using a turntable.

For measurements in a completely free field, five additional
circular paths are used which are the mirrof images of those
shown in annex D.

NOTE — To avoid errors due to interference|effects caused by
reflections from the plane, no fewer than the|[five circular paths
prescribed in annex D shall be used in a free fielf above a reflecting
plane even if the source is essentially non-directional and broad-
band in character.

7.3.4 Meridional arc traverses

A third alternative method for averaging the mean-square
pressure over the surface of the test sphere or hemisphere
uses a single microphone, traversed along a semi-circular
arc about a horizontal axis through the centre of the
source. The microphone output is squared and averaged
by electronic means, giving suitable weight to the surface
areas of the sphere. For measurements in a free field over
a reflecting plane, the arc is only a quarter-circle in length;
the axis about which the microphone rotates lies in the
reflecting plane as shown in annex F. At least eight such
microphone traverses at equal increments of azimuth angle
around the source shall be used. This may be accomplished
by rotating the source.
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7.4 Conditions of measurement

7.4.1 General

Environmental conditions may have an adverse effect
on the microphone used for the measurements. Such
conditions (for example, strong electric or magnetic fields,
wind impingement of air discharge (if any) from the
equipment being tested, high or low temperatures), must
be avoided by proper selection or placement of the micro-
phone. The microphone shall always be oriented in such a
way that the angle-of-incidence-of-the sound waves is that

2) A-weighted sound pressure levels and band pressure
levels produced by the background noise.

For the frequency bands centered on or below 160 Hz,
the period of observation shall be at least 30 s. For
A-weighed sound levels and for the frequency bands
centered on or above 200 Hz, the period of observation
shall be at least 10 s.

7.6 Correction for background sound pressure levels

for which the njicrophone is calibrated.

7.4.2 Measurefnent with sound level meter

If the indicating meter of a sound level meter is used,
the “‘slow’” characteristic shall be used. When the fluc-
tuations of the|indicating pointer on the sound level meter
are less than *|3 dB using the ““slow’’ meter characteristic,
the noise is considered to be steady for the purposes of
this International Standard, and the level is taken to be the
average of thp maximum and minimum levels during
the period of dbservation. If the meter fluctuations during
the period of dbservation are greater than + 3 dB, the noise
is considered fon-steady and the procedures of annex H
shall be used.

NOTE — For estgblishing the presence of impulsive noise, additional
measurements with the ‘“‘impulsive’’ meter characteristic shall be
performed. The grocedure of annex | shall be used.

7.4.3 Measurement with RC-smoothing or integrating
systems

If RC-smoothing is used, the time constant 7, shall be long
enough to obthin an estimate of the rms lével*during the
period of obserjvation with a precision of £(0,5 dB.

If true integrgtion is used, it is recommended that the
integration time be equal to the period-of observation.

For time-varyihg noise, it is impotrtant to specify carefully
the period of pbservation, and this will usually depend on
the purposes pf the méasurements. For example, if the
noise level of|the machine has two particular modes of
operation havihg différent noise levels, it may be necessary
to select a peripd-of observation for each mode.

The background sound pressure levels shall bd obtained
using one of the methods specified in 7.3 with the source
not in operation. When the background, nojse i less than
6 dB below the sound pressure level at'each measurement
point and in each frequency band\with the [source in
operation, the accuracy of the 'measurements will be
reduced and no data shall be reported. The|measured
band pressure levels shall be~corrected for thg influence
of background noise accarding to table 5.

TABLE 5 — Corrections for background sound pressyre levels

7.5 Observations to be obtained

The sound pressure level shall be observed over a typical
period of operation of the source. Readings of the sound
pressure level (corresponding to the level of the mean-
square sound pressure) shall be taken at each measuring
point with A-weighting and for each frequency band
within the frequency range of interest. The instrumentation
used must comply with the requirements of clause 5.

The following data shall be obtained :

1) A-weighted sound pressure levels and band pressure
levels during operation of the source under test;

) Correction to be sybtracted
Difference between sound
. from sound pressyre level
pressure level measured with .
. measured with sound source
sound Source operating and . .
operating to obtaip sound
background sound pressure
pressure level due {o sound
level alone
source alon|
dB dB
6 1.3
7 1,0
8 0,8
9 0,6
10 0,4
1 0,3
12 0,3
13 0,2
14 0,2
15 0,1
77— GCalculation-of surface-sound pressure level |

The sound power level of a source, Ly, is calculated from
the surface sound pressure level averaged over the surface
of the test sphere (or hemisphere), LT,. This surface sound
pressure level, Lp, is calculated from the space average of
the mean-square sound pressures over the test sphere (or
hemisphere). To obtain the surface sound pressure level,
L—_p, from the sound g@ressure level readings, the following
procedures are appropriate.

7.7.1 Fixed microphone positions

When fixed microphone positions are used, one of the
following two procedures is appropriate.
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7.71.1 EQuAL AREAS

When the microphone positions are associated with equal
areas of the test sphere (or hemisphere) the following
equation shall be used to obtain the surface sound pressure

level, Lp :

N
7 1 0.1Lpj
L, =1010g0 - Y oa0rter| L)
. i=1

ISO 3745-1977 (E)

8 CALCULATION OF SOUND POWER LEVEL

8.1 Free field

In a free field, the sound power level L, of a source is
calculated from the following equation :

Ly =1L, +10l0g,q (S1/Sg) +C ... (3)
where

l;_ is the surface sound pressure level over the test
sphere, in decibels. Reference : 20 uPa;

where

Lp s| the surface sound pressure level, in decibels.
Refergnce : 20 uPa;

Lpi i$ the band pressure level resulting from the jtP
measufement, in decibels. Reference : 20 uPa;

N is the number of measurements.

7.71.2 UNEQUAL AREAS

When thelmicrophone positions are associated with unequal
partial afeas of the measurement surface, the following
equation khall be used to obtain the surface sound pressure
level, I:

s;10% " teil L (2)
1

— 1
L,=10 Iogw;

Pl =

i

where

Lp s| the surface sound pressure level,-in decibels.
Refergdnce : 20 uPa;

L,; i¢ the band pressure level kesulting from the jth
measufement, in decibels. Reference : 20 uPa;

S; is [the partial area of . the sphere (or hemisphere)

associdted with the /t" fneasurement;

S is the total areaof the measurement sphere (or
hemisghere);

N is the number of measurements.

S, =4 7r2 s the area of test sphere (of radius r);
So=1m2

C is the correction term, incdecibels, for the influence
of temperature 8 (in degrees Celsius) and atmospheric
pressure p (in millibars).

ZC
c=-10 |Og10m

2101 293\)” P
%10 | {2731 ¢ 1 000

NOTE — The correction term C is necessary oply if atmospheric
conditions differ significantly from 6 = 20 °C apd p = 1 000 mbar

(105 Pa). Use of the correction C ensures that t

he correct value of

Z; the characteristic impedance of air, appropripte to the tempera-

ture and atmospheric pressure existing during {
level measurements, is utilized in the comput
provide a means whereby measurements ma
temperatures or atmospheric pressures other t

he sound pressure
ption. It does not
be corrected to
han those existing

during the measurements.

8.2 Free field over a reflecting plane

For a free field over a reflecting plane, the sound power
level Ly, of a source is calculated from the following
equation :

Ly =1L, + 10l0g,q (S,/Se) [+ C ... (4)

S, =2 mr? s the area of test hemisphere (of radius r);
Sp =1m?2.

NOTE — Other symbols are the same as those uged in equation (3).

7.7.2 Circular microphone traverses

When the microphone is caused to traverse along ten or
five circular paths (see 7.3.3), the surface sound pressure
level, Lp, is obtained from equation (1) in 7.7.1.1, where
L, ; = average band pressure level for the /th traverse.

P

7.7.3 Traverses along circular arcs

If the method specified in 7.3.4 is used, the surface sound
pressure level, L__p, is obtained by squaring and averaging
the output of the microphone and giving suitable weight
to the surface areas of the sphere. One method of

accomplishing this is shown in annex F.

8.3 Weighted sound power level and band sound power
levels

The values of the surface sound pressure level, L, used in
equations (3) and (4) above may be obtained using a
weighting network in the instrumentation system (for
example, A-weighting) or by means of an octave or one-
third octave band filter. If a weighted sound power level is
to be obtained, the calculations using equation (3) [or
equation (4)] need be done only once. To obtain band
power levels, the calculation procedure must be repeated
for each frequency band within the frequency range of
interest.
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9 INFORMATION TO BE RECORDED

The following information, when applicable, shall be
compiled and recorded for all measurements made
according to the requirements of this International
Standard.

9.4 Acoustical data

a) The locations and orientation of the microphone
path or array (a sketch shall be included if necessary).

b) The corrections in decibels, if any, applied in each

9.3

9.1 Sound source under test

a) Description of the sound source under test (in-
cluding dimensions).

frequency band for the frequency response of the
microphone, frequency response of the filter in the pass
band, background noise, etc.

¢) The surface sound pressure level, [—p, in decibels,
calculated for the A-weighted sound pressure level

b) Operatifig conditions.
c) Mounting conditions.
d) Locatioh of sound source in test room.

e) If test dbject has multiple noise sources, description
of source(s)|in operation during measurements.

9.2 Acoustic pnvironment

a) Dimensfons of test room; description of physical
treatment d¢f the walls, ceiling and floor; sketch showing
the locatiorn) of source and room contents.

b) Acoustfcal qualification of test room according to
annex A.

¢) Air temperature in degrees Celsius, relative humidity
in per cent pnd barometric pressure in millibars.

Instrumeptation

a) Equipmfent used for the measurements, ‘including
name, type| serial number and manufacturer;

b) Bandwi{dth of frequency analyser.
c) Frequepcy response of instrumentation system.

d) Method used to calibrate.the microphone(s) and the
date and place of calibration®

10

{other—weightings—ere—optional—and—the—level in each

frequency band of interest, with reference tq 20 uPa.

d) The sound power levels, in decibels) calgulated for
all frequency bands used, in decibels, with reference to
1 pW (= 10712 W), and the A-Weighted sohnd power
level with reference to 1 pW.

e) The corrected sound._power levels tabulated or
plotted to the nearest half-decibel.

f) The date and time when the measurements were
performed.

g) If required, the difference between ‘fslow” and
“impulse’readings, according to annex I.

h) Remarks on subjective impression of nojse (audible
disdrete tones, impulsive character, spectral content,
temporal characteristics, etc.).

i) If required, the directivity index and the directivity
factor (see annex E).

INFORMATION TO BE REPORTED

The report shall contain the statement that|the sound
power level has been obtained in full conformity with the

procedures of this International Standard.

The report

shall state that these sound power levels are|in decibels

re

1 pW.

Only those data (see clause 9) shall be reportegt which are

required for the purposes of the measurements.

10
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ANNEX A

TEST ROOM QUALIFICATION PROCEDURES

A.1 GENERAL

A laboratory room providing a free field (anechoic room) or a free field over a reflecting plane (semi-anechoic room) shall be
used for measurements made in accordance with the requirements of this International Standard.

The test room shall be large enough and free from reflecting objects with the exception of the reflecting plane in a-
semi-andchoic room. The test room shall provide a measurement surface which lies :

a) in a sound field which is free of undesired sound reflections from the room boundaries (“free-field condition”’);
b) tside the near field of the sound source under test.

A procqdure is described in this annex to determine the undesired environmental influgncés (if any) gnd to check the
free-fieldl conditions. For measurements in semi-anechoic rooms, the reflecting plane shall satisfy the reqyirements given in
clause Al2.

A.2 PROPERTIES OF REFLECTING PLANE

Measurefnents may be made over a reflecting plane in a test room in which one of the surfaces is reflecting| or in a test room
with soUnd-absorbing surfaces in which a reflecting plane is established:

NOTE —|Particularly when the reflecting surface is not a ground plane,’ghis not an integral part of a test room surface, cdre shall be exercised
to ensure|that the plane does not radiate any appreciable sound due to vibrations.

A.2.1 $hape and size

The reflecting plane shail not be smaller than the projection of the measuring surface on the plane.

A.2.2 £bsorption coefficient

The absorption coefficient of the plane-shall be less than 0,06 over the frequency range of interest.

A.3 SQUND PRESSURE DECREASE TEST

A3.1 [nstrumentation

A.3.1.1| Testsound source

An electro-acoustic system with loudspeakers shall be used. The sound radiation shall be omnidirectional with deviations less
than* 1 dB. '

NOTE — It is recommended that different sources be used for different frequency ranges, for example :

< 400 Hz : Electrodynamic loudspeaker 25 cm in diameter in closed, damped 0,020 mS box.

400 to 2000 Hz : Two electrodynamic speakers 10 cm in diameter bolted together so that their mounting rings lie in the same plane and
electrically connected as a pulsating ‘‘sphere’.

2 kHz to 10 kHz : Baffled loudspeaker system with a narrow cylindrical tube (< 1,6 cm diameter) the end section of which only radiates the
sound.

A.3.1.2 Microphone

The use of a 13 mm (1/2 in) microphone is recommended.

11
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A3.2

Installation of test source and microphone

A.3.2.1 Source location

A3.2.1.1 ANECHOIC ROOMS

The test sound sources shall be located in essentially the same positions as that of the source under test, preferably in the
centre of the room.

A3.2.1.2 SEMI-ANECHOIC ROOMS

The test sound

s
the radiating su{face of the test source and the reflecting plane shall be small enough so that the resultingsag
| iin the hemisphere over the plane with deviations as specified in A.3.1.1.

omnidirectiona

A.3.2.2 Microp

Microphone trav

random. Howeve

shall he located immediately above the plane of the reflecting floor. The maximum distance between

A.3.3 Test procedure

The electro-acou
steps the entire
shall be used as
between 125 ang

NOTE — If the m4
band noise instead

The microphond

pressure levels

differences betw|

A.3.4 Qualifica

The differences §

hone locations

Lrses shall be made for at least eight straight paths away from the centre of the testsound source in
directions. Key rhicrophone paths are the lines from the source to the room corners. Four or mere-paths shall be
r, paths very close to the reflecting floor are not recommended.

chine under test radiates only broad-band noise the procedure may be carried out for one-third octave band nois
bf discrete frequencies.

tion requirements

hall not exceed the values given<n\table 6.

iation is

different
thosen at

stic system described in A.3.1 and A.3.2 shall be operated at discrete frequencies which cover in discrete
frequency range of interest for the sound source under test. Thedone-third octave frequencies of
Lentre frequencies below 125 Hz and above 4 000 Hz in one-third octave steps. Octave steps shal
4 000 Hz.

ISO 266
be used

P or octave

shall be moved continuously along the paths described in A.3.2 for each test frequency and the sound
ecorded. These levels are to be compared, With the decay predicted by the inverse square law
ben the measured and the theoretical levels.are ‘to be calculated for each path and each test frequenc

and the
V.

TABLE.6 — Maximum allowable differences between the
measured and theoretical levels

One-third
ne-third octave Allowable
band centre .
Type of fraquency differences
test room
Hz dB
< 630 +15
Amechoic 806-to5-066 ++-0
> 6 300 +1,6
< 630 2,
Semi-anechoic 800 to 5 000 +2,0
> 6 300 +3,

The differences in table 6 determine the allowable measurement radii and the largest space surrounding the source within
which an allowable measurement surface may be chosen. If the measurement surface lies outside the near field of the actual
sound sources under test, this measurement surface is suitable for measurements according to this International Standard.

If these requirements cannot be satisfied, measurements cannot be performed according to this International Standard as the
test room fails to qualify.

12
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ANNEX B
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The locations of 20 points associated with equal areas on the surface of a sphere of a radius r are shown in figure 1. Table 7
gives the Cartesian coordinates (x, y, z) with origin at the centre of the source. The z-axis is chosen perpendicularly upward

from a horizontal plane (z = 0).

No. = . z
r r r
1 -099 0 0,15
2 0,50 ~0,86 0,15
3 0,50 0,86 0,15
a -0,45 0,77 0,45
5 —-0,45 -0,77 0,45
6 0,89 0 0,45
7 0,33 0,57 0,75
8 ~066 0 0,75
9 0,33 ~0,57 0,75
10 0 0 1,0
11 0,99 0 -0,15
12 ) 0,86 -0,15
13 0,50 -0,86 -0,15
14 0,45 0,77 —-0,45
15 0,45 0,77 -0,45
16 -0,89 0 ~0,45
17 -0,33 ~057 -0,75
18 0,66 0 -0,75
19 -0,33 0,57 -0,75
20 0 0 -1,0

13
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ANNEX C

BASIC ARRAY OF MICROPHONE POSITIONS IN A FREE FIELD

[ = 94

OVER A REFLECTING PLANE

The locations of 10 points associated with equal areas on the surface of a hemisphere of radius r are shown in figure 2.

The Cartesian coordinates (x, y, z) with the origin centered on the projection of the acoustic centre of the source on the

reflecting plane are the same as locations 1 through 10 given in table 7 of annex B.

micr|

Horizontal distance from centre line of array to microphone positions

Height|of corresponding
areag of hemisphere

1,0r
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el —
Elevations of 0,66 r 0,89 r :
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N
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If the source emits predominant pure tones, strong interference effects may occur if several microphone positions are placed
at the same height above the reflecting plane. In such cases the use of a microphone array with the coordinates given in

table 8 is recommended :

Elevations df

TABLE 8 — Recommended microphone positions when

the source emits predominant pure tones

microphone trayerses

No. = s z

r r r
1 0,16 —0,96 0,22
2 0,78 —0,60 0,20
3 0,78 0,55 0,31
4 0,16 0,90 0,41
5 -0,.83 0,32 0,45
6 083 —0,40 0,38
7 -0,26 — 0,65 0,71
8 0,74 —-0,07 0,67
9 —-0,26 0,50 0,83
10 0,10 -0,10 0,99

ANNEX D

IN A FREE FIELD OVER A REFLECTING PLANE

Axis of rotation of microphone
traversing mechanism

09r

COAXIAL CIRCULAR PATHS IN PARALLEL PLANES FOR MICROPHONE TRAVERSES
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The paths are selected so that the annular area of the hemisphere associated with each path is the same.
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ANNEX E

CALCULATION OF DIRECTIVITY INDEX AND DIRECTIVITY FACTOR

E.1 FREE FIELD

The directivity index DI, in decibels, of the source may be calculated from measurements in a free field by using the
following equation :

where

Lp,'
from

Lpl

The dire

where D

E.2 FR

The dire
the sam
be desir.
of the so|

The dire
plane by

where

Lp,
from

Lp i

NOTE —

is the sound pressure level, in decibels, measured in the particular direction in which Dl.is\desire

he source. Reference : 20 uPa;
the surface sound pressure ievei, in decibeis, over the test sphere of radius r. Referénee : 20 uPa.
tivity factor Q of the source, in a given direction, may be determined from the-folfowing equation :

. DI
Q = antilog, 0—1—6-

is the directivity index, in decibels, in the same direction obtained from equation (5).

EE FIELD OVER A REFLECTING PLANE

source operating in a free field. However, when asource is normally associated with a hard reflec

Lirce.

ctivity index DI, in decibels, of the source may be calculated from measurements in a free field 3
using the following equation :

is the sound pressure level,. in decibels, measured in the particular direction in which DI is desirg
he source. Reference {20uPa;

the surface sound-préessure level, in decibels, over the test hemisphere of radius r. Reference : 20 uH

n the report of_the measurements, it may be sufficient to include only the highest value of DI and the directiof]

H, at a distance r

. (6)

Ctivity pattern of a source operating in a free field above a reflectiﬁg plane is generally more complex than that for

ing plane, it may

ble to obtain the directivity index and directivity\factor for the source by considering the reflecting plane to be part

bove a reflecting

A7)

d, at a distance r

a.

in which it occurs.
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ANNEX F

SYSTEM FOR MICROPHONE TRAVERSES ALONG

MERIDIONAL PATHS IN A FREE FIELD

Travelling microphone

-

Cosine function
potentiometer for
area weighting

A\ y

Noise source on
revolving platform
A
X
Diagram of mechanical device
R Amplifier and Square-law Cosine Integrating
Microphone spectrum analyser amplifier potentiometer circuit Meter

®

I~
v

L

Block diagram of circuit

FIGURE 4
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