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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. Each 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, governmental 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.

Any t
const

The procedures used to develop this document and e intended for i irther ma
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criterian¢eded for the

rights identified during the development of the document will be.in the Introducti
O list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For an explanation on the meaning of ISO specific terms~and expressions related t

asses
to Trg

The c
Thiss

de (TBT), see the following URL: Foreword — Supplementary information.
bmmittee responsible for this document is ISO/TC 43, Acoustics, Subcommittee SC 1,

econd edition cancels and replaces the firstedition (IS0 9295:1988), which has been techn

intenance are

nce with the

he subject of

rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any

bn and/or on

and does not

conformity

sment, as well as information about ISO’s adherence toithe WTO principles in the Technical Barriers

Voise.

callyrevised.
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Introduction

Some machinery and equipment emit high-frequency noise which might be broad-band noise (e.g. paper
noise of high-speed printing) or narrow-band noise and discrete tones (e.g. noise of switching power
supplies and video display units or medical devices).

This International Standard specifies methods for the determination of the sound power levels in the
frequency range covered by the octave band centred at 16 kHz. The measured levels are not frequency-
weighted. The principal objective of this International Standard is to prescribe methods for determining
the sound power levels and frequencies of tones which are contained within the 16 kHz octave band.

vi © ISO 2015 - All rights reserved
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Acoustics — Determination of high-frequency sound power
levels emitted by machinery and equipment

1 Scope

This International Standard specifies four methods for the determination of the sound power levels
of hi

h-freguency noise emitted by machinerv and eguinment in the freguency range covered by the
T Y Y Y T T Y 5

octav|
comp
there

e band centred at 16 kHz, which includes frequencies between 11,2 kHz and 22,4k
ementary to the methods described in [SO 3741 and ISO 3744. The first three methods|
verberation test room technique. The fourth method makes use of a free field overa ref

Hz. They are
are based on
ecting plane.

The t
in ISC

est conditions which prescribe the installation and operation of the equipment are th
3741 or ISO 3744 as applicable.

pse specified

2 N

The fpllowing documents, in whole or in part, are normatively referenced in this docur
indispensable for its application. For dated references, only<the edition cited applies.
refergnces, the latest edition of the referenced document (in¢luding any amendments) app

ormative references

hent and are
For undated
ies.

[SO 3
sound

/41, Acoustics — Determination of sound power levels and sound energy levels of noise
pressure — Precision methods for reverberation test rooms

sources using

ISO 3
sound

V44, Acoustics — Determination of sound power levels and sound energy levels of noise
pressure — Engineering methods for an €ssentially free field over a reflecting plane

sources using

ISO 6 sources used

for th

D26, Acoustics — Requirements for:the performance and calibration of reference sound
b determination of sound power léyels

ISO 9
absor’

b13-1, Acoustics — Attenuation of sound during propagation outdoors — Part 1: Calc
ption of sound by the atmesphere

Llation of the

3 1

For th

erms and definitions

e purpose of this document, the terms and definitions given in ISO 3741 and ISO 374# apply.

4 nformity requirements

(0]
A mefhod for the measurement of high-frequency noise is in conformance with this International
Standard if it satisfies all the mandatory requirements of one of the four methods described herein
specified in Clauses 6 to 9, and if the information recorded and reported is as specified in Clauses 12 and
13, respectively.

5 Requirements for measurements in a reverberation test room

5.1 General

This International Standard describes three methods using the reverberation test room technique of
[SO 3741. The first and the second methods are usually called “direct methods” because they use directly
measured or calculated reverberation times. The third method is a so-called “comparison method”.
A calibrated reference sound source is used from which the sound power levels of the equipment are
determined by comparison.

© ISO 2015 - All rights reserved
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All three methods require a determination of the mean time-averaged sound pressure level in the
reverberant field.

As instrumentation and basic measurement techniques are the same for all three methods, they are
summarized in 5.3 to 5.7. Additional requirements specific to each method are given separately. For
additional requirements on instrumentation, see ISO 3741.

5.2 Meteorological conditions

The air absorption in the reverberation test room varies with temperature and humidity, particularly
at frequencies above 1 000 Hz. The temperature, 6, in degrees Celsius (°C) and the relative humidity, hy,
expressed dYd PETCEIITAgE, shattbecomtrotteddur iug thesoumd pressure teveltmeasurenents:

The product|h; x (6 + 5 °C), shall not vary by more than +10 % during the measurements.

For equipmept whose noise emissions intentionally vary with ambient temperature (e.g-by varying the
speeds of airlmoving devices), the room temperature during the test measurement slialtbe 23 °C £ 2 °C
or, if the rooin temperature is outside these limits, the fan shall be adjusted to the-speed for an ambient
temperature|of 23 °C £ 2 °C.

The following conditions are recommended:

— Static pressure: 86 kPa to 106 kPa;
— Tempergture: 15°Cto 30 °C;
— Relativehumidity: 40 % to 70 %.

NOTE Aslindicated in Tables 1 and 2 for the temperature range of 18 °C to 27 °C, higher temperaturgs and
higher humidjty will tend to minimize the effects of atmosphefic absorption.

5.3 Instruymentation

The sound measuring system, including thé_microphone, should have a flat frequency responge for
random incident sound in the 16 kHz octave-band. The microphone response shall be corrected tp give
a flat frequehcy response within in the 16 kHz octave band. The tolerances after correction shall be
within 1,0 dB in the frequency range of 11,2 kHz to 22,4 kHz.

NOTE1 Tojmeet this requirement;a’microphone with a diameter of 13,2 mm or less is usually required.

When the nojse of the equipment under test is broad-band in character without any significant digcrete
tone, an analyser with abandwidth of one-third-octave or less shall be used. When the noise pf the
equipment upder test.eontains discrete tone(s), a narrow-band analyser, which provides bandwidths of
less than ond-third-gctave in width, shall be used to determine the frequency of the tone(s).

NOTE 2 For narrow-band analysis, an analyser with a bandwidth equal to, or less than, one twelfth pctave
is appropriat¢. Digital analysers using fast Fourier transform (FFT) or equivalent techniques can be yiseful,
particularly when the analyser combines narrow-band analysis and averaging.

5.4 Installation and orientation of microphone

The microphone shall be mounted at the end of a rotating boom traversing a circle with a diameter of at
least 2 m. In order to reduce the influence of the direct field on the measured sound pressure level, the
microphone shall be mounted pointing in such a way that the normal to its diaphragm is parallel to the
axis of rotation with the microphone diaphragm perpendicular to direction of the equipment under test.
The period of rotation shall be as required by ISO 3741.

Longer paths and traversing periods than the minimum values can be used to reduce the background noise
of the drive mechanism, and to minimize modulation of any discrete tone(s) due to the moving microphone.

2 © IS0 2015 - All rights reserved
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Care shall be taken to ensure that there is no electrical pick-up by the measurement instrumentation
which can interfere with the sound pressure level measurement.

NOTE A test with a dummy microphone, and with the equipment under test in operation, can determine
the influence on the noise floor of the instrumentation. Alternatively, if no dummy microphone is available
without moving the microphone from the measurement position, this influence can be determined by sealing
the microphone and pressure equalization vent in an electrical non-conductive enclosure providing an acoustical

attenuation of at least 10 dB at all frequencies of interest.

5.5

Equip

Installation and orientation of equipment

ment shall be placed on the floor of the reverheration test room, atleast 1 m from an

wall, and at

least

Alter
the n

1,8 m from the point of closest approach of the microphone.
brientations of the equipment shall be used as follows.

perator side facing the centre of the microphone path.

quipment turned clockwise by 180° from its initial position about avertical axis throy
quipment turned clockwise by 270° from its initial position ahout a vertical axis throy

natively, equipment shall be placed on a turntable and*the turntable shall be rev
easurements. The motion of the turntable shall notybe synchronous with the ro

quipment turned clockwise by 90° from its initial position about a vertical axis throulgh its centre.

gh its centre.
gh its centre.

blved during
tation of the

micrdphone boom.

5.6 |Calibration of measurement system

Befor
accor
entirg
more

e the measurement of the equipment-noise, the measurement set-up shall be ¢alibrated in
Hance with ISO 3741. Calibration at a sinigle frequency is sufficient if the frequency regponse of the

system, including the frequency.range of the 16 kHz octave band, is checked at inffervals of not
than two years.

Ifan ]
sideb

FFT analyser is calibrated with a single-frequency calibrator, care shall be taken to h
hnd levels included in the‘calibration level.

ave all major

5.7 |Measurement of sound pressure level

The §
narrg
along
rangg

a)

ound pressur€ [evel is measured in one-third-octave bands or, if discrete tones ar
w bands whichinclude the discrete tones. Measurements of the time-averaged sound g
the circular microphone path shall be carried out for each frequency band within t
of interest. The following data shall be obtained:

e present, in
ressure level
he frequency

tTe band time-averaged sound pressure level with the equipment in operation;

b) the band time-averaged sound pressure levels of the background noise (including noise produced
by ancillary equipment, if any); and
c) the band time-averaged sound pressure levels of the reference sound source (if required,

see Clause 8).

True integration-averaging during a full sweep of the microphone is the preferred method. When using
a narrow-band analyser that performs the analysis in consecutive time periods, each time period shall
correspond to one revolution. The influence of measurement duration and corrections for background
noise shall be taken into account in accordance with ISO 3741.

When FFT analysers are used, the analysis time is typically greater than the individual time window.
For this reason, the total measurement time shall be increased, or individual measurements shall be
repeated for three revolutions of the boom, each for a different starting point.

© ISO 2015 - All rights reserved
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The mean value, E , of N measurements of the time-averaged sound pressure level shall be calculated

using Formula (1):

N
i 1 Z 0,1L;
i=

where

L; is the band time-averaged sound pressure level (reference: 20 uPa), in decibels, for the ith
measurement.

For the four ¢rientations of the equipment under test, the mean value, E ,is obtained with N =4¢Fpr the

three revolutions of the boom, Z is obtained using N = 3.

When a disqrete tone is analysed, the moving microphone distributes the energy~ef the tong¢ into
sidebands of|the tone frequency. In order to obtain the total tone level, the analyser banndwidth shall not
be less than:

Af= 2f§ 2)

where
Af is the minimum value of the analyser bandwidth, in hertz;
f  isthe centre frequency of the tone, in hertz;
¢ isthe speed of sound, in metres per second;
v isthe speed of the traversing microphone, in metres per second.

When using FFT or equivalent techniques for the analysis of the discrete tone(s), the bandwidth dan be
significantly|narrower than given in Formula (2). In this case, the levels in the sidebands adjacent o the
tone centre ffequency which contributeteithe tone level shall be added on an energy basis to obtajin the
total sound gressure level of the tone-using Formula (3):

Ngy
Lot =10]g > 10" dB (3)
i=1
where

Ltot  isfhe total'sound pressure level (reference: 20 uPa) of the tone, in decibels;

L; is flie-sound pressure level (reference: 20 pPa) in an individual band, in decibels;

Ngp  is the number of sideband levels to be combined.

6 Method using measured reverberation time

6.1 General

A basic assumption of this method is that the reverberant component dominates the sound field at the
microphone positions. Experiments show that in the 16 kHz octave band, the direct field might still
be present. However, the microphone orientation specified in 5.4 significantly reduces the direct field
contribution, and, therefore, the measured sound pressure level is determined by the reverberant
field. From the measured reverberation time which is determined by the absorption in air and by the
room surfaces, the total room absorption is calculated. Although air absorption is the major part of

4 © IS0 2015 - All rights reserved
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the two, wall absorption can contribute to the total room absorption. At frequencies above 10 kHz, the
absorption coefficient of the room, aroom, cannot be considered small compared to unity. Therefore, the
Eyring equation [see Formula (5)] shall be used for the calculation of the room absorption instead of the
simpler Sabine equation.

6.2 Measurement of reverberation time

The reverberation time, 7, in seconds, of the reverberation test room with the equipment under test
present shall be determined in those one-third-octave bands with centre frequencies between 12,5 kHz
and 20 kHz which are of interest for the measurement of the equipment noise. When the equipment
under test emits discrete tones, the reverberation time shall be measured at those frequencies in
narrdwer bands, e.g. in one-twelfth octave bands. For each frequency band of interest, the dverage value
of thelreverberation times measured at three or more locations, equally spaced on the miefjophone path,
shall be determined. The response time of the measuring instrument (e.g. a level recorder)|shall be such
that reverberation times shorter than 0,7 s can be measured.

6.3 [Calculation of room absorption

The rlumerical value of the room constant, R, in square metres, for each band is calculated from the
measfired reverberation time as follows:

Rl= S'aroom 4)
1'O‘room
-0,16-V /(S-T)
Aloom =1—-¢€ (5
wher¢

S is the numerical value of the total'surface area, in square metres, of the room;

1% is the numerical value of the'volume, in cubic metres, of the room;

T is the numerical value-of the measured average reverberation time, in seconds

yoom 1S the absorption‘coefficient of the room.

6.4 [Installation of‘mricrophone and equipment

The microphone.andthe equipment under test shall be installed as described in 5.4 and 5.5,[respectively.

6.5 |Measurement of sound pressure level

Beforp thie measurement of the equipment noise, the measurement set-up shall be calibratedas described
in 5.6. The mean time-averaged sound pressure level, L, shall be measured as described in 5.7. When

the noise of the equipment under test is broad-band in character, a one-third-octave band analyser shall
be used. When the noise of the equipment under test contains discrete tones, a narrow-band analyser
providing analysis bandwidths of less than one-third-octave in width shall be used if the frequency of
the tone is to be determined and/or when multiple tones are present.

© IS0 2015 - All rights reserved 5
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6.6 Calculation of sound power level

The sound power level of the equipment shall be calculated in each band of interest from Formula (6):

—_— 4
LW = Lp(ST) - 1OlgEdB

where

Lw

is the band sound power level (reference: 1 pW) of the equipment, in decibels;

(6)

is the mean band sound pressure level (reference: 20 uPa) of the four orientations of the

Lpsty 4

R I

7 Methog

7.1 Gener

The basic as
at the micro
still be presg

quipment under test (“source under test”), in decibels, measured in accordance with

5 the numerical value of the room constant in square meters, in accordance with-6.3.

1 using calculated air absorption

al

sumption of this method is that the reverberant componént dominates the sound

nt. However, the microphone orientation specified in5.4 significantly reduces the

field contribfition, and, therefore, the measured sound pressure level is determined by the reverh

field. Furthe
Therefore, th
of the reverb|
given in Tabl|
absorption c

7.2 Calcul

At frequenci
to air absorp
for each freq

Fmore, it is assumed that the total room absorption is due only to the absorption
is method is a simplification of the method deseribed in 6.3 and avoids the measury
eration time. The room absorption is directly-¢alculated from the air absorption coeff
es 1 and 2 for the temperature range of 18 8C-to 27 °C. The equations for calculating t
pefficient are given in Annex A.

ation of room constant
s of 10 kHz and above, essentially all of the absorption in a reverberation test room

ency band of the reverberation test room is given by Formula (7):

v
oV
S

6.5;

field

phone positions. Experiments show that in the 16 kHz gctave band, the direct field can

Hirect
erant
n air.
bment
icient
he air

s due

[‘ion. Under these conditions,the numerical value of the room constant, R, in square mjetres,

(7)

e numerical value of the air absorption coefficient, in nepers per metre; it is given in Tables 1
2 asdfunction of frequency, relative humidity, and temperature of the air in the rooF

R= 8 '80(
1-21
where
a  isth
and
S
V

7.3

is the numerical value of the total surface area, in square metres, of the room;

is the numerical value of the volume of the room, in cubic metres.

Installation of microphone and equipment

The microphone and the equipment under test shall be installed as described in 5.4 and 5.5, respectively.

7.4 Measurement of sound pressure level

The procedures of 6.5 shall be followed.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=049a7830b1b6d1049affafd2fc973846

IS0 9295:2015(E)

7.5 Calculation of sound power level

The procedures of 6.6 shall be followed.

Table 1 — Values of the air absorption coefficient (18 °C to 22 °C)

Air absorption coefficient, a (Np/m), at a static pressure of 101,325 kPa
Temperature: 18 °C Temperature: 20 °C Temperature: 21 °C Temperature: 22 °C
Frequency Relative humidity Relative humidity Relative humidity Relative humidity
Hz 40 % 50 % 60 % 40 % 50 % 60 % 40 % 50 % 60 % 40 % 50 % 60 %
10 06 60239100199 1 00169 1 00223 1 009193 1 gn4cc 199990 L 00976 100149 100207 1 50169 | 0,0143
10 540 0,0259 | 0,0216 | 0,0184 | 0,0243 | 0,0200 | 0,0170 | 0,0234 | 0,0192 | 0,0163 | 0,022 6)|"0,p185 | 0,0157
110040 0,0280 | 0,0234 | 0,0200 | 0,0263 | 0,0217 | 0,0185 | 0,0254 | 0,0209 | 0,0178 | 0,024'5/| 0,201 | 0,017 1
115¢0 0,0301 | 0,0253 | 0,0217 | 0,0284 | 0,0236 | 0,0201 | 0,0274 | 0,0227 | 0,0193 [ 90265 | 0,218 | 0,018 6
12000 0,0322 | 0,0273 | 0,0234 | 0,0305 | 0,0254 | 0,0217 | 0,0295 | 0,0245 | 0,0209 [|,0,0286 | 0,p236 | 0,0201
12500 0,0344 | 0,0293 | 0,0252 | 0,0326 | 0,0273 | 0,0234 | 0,0316 | 0,0264 | 00226 | 0,0307 | 0,p254 | 0,0217
13000 0,0365 | 0,0313 | 0,0271 | 0,0348 | 0,0293 | 0,0252 | 0,0338 | 0,028 3+[70/0242 | 0,0328 | 0,p273 | 0,023 4
13500 0,0387 | 0,0334 | 0,0290 | 0,0370 | 0,0313 | 0,0277 | 0,0366 | 0,0303%| 0,0266 | 0,0355 | 0,292 | 0,0251
14 000 0,0409 | 0,0355 | 0,0309 | 0,0392 | 0,0334 | 0,0288 | 0,0382 }-0y0323 | 0,0278 | 0,0372 | 0,p312 | 0,0268
14 500 0,0430 | 0,0376 | 0,0329 | 0,0415 | 0,0355 | 0,0307 | 0,040%/]| 0,0344 | 0,0296 | 0,0394 | 0,332 | 0,0286
15000 0,0452 | 0,0398 | 0,0349 | 0,0437 | 0,0376 | 0,0326 | 0,0428 | 0,0365 | 0,0315 | 0,0417 | 0,353 | 0,0304
15500 0,047 4 | 0,0420 | 0,0369 | 0,0460 | 0,0398 | 0,0346 (70,0451 | 0,0386 | 0,0334 | 0,0444 | 0,p374 | 0,0323
16 090 0,0496 | 0,0442 | 0,0390 | 0,0483 | 0,0420 | 0,036%¢~| 0,0474 | 0,0408 | 0,0354 | 0,0464 | 0,395 | 0,0342
16 540 0,0517 | 0,0464 | 0,0411 | 0,0506 | 0,0442 | B;0386 | 0,0497 | 0,0433 | 0,0374 | 0,0487 | 0,p417 | 0,0362
17 040 0,0539 | 0,0486 | 0,0432 | 0,0529 | 0,0464~0,0407 | 0,0521 | 0,0452 | 0,0395 | 0,0511 | 0,p439 | 0,0382
17 500 0,0560 | 0,0509 | 0,0454 | 0,0552 | 0,0487 | 0,0428 | 0,0544 | 0,0475 | 0,0415 | 0,0535 | 0,462 | 0,0402
18 040 0,0581 | 0,0531 | 0,0476 | 0,057 54400510 | 0,0455 | 0,0568 | 0,0498 | 0,0437 | 0,0558 | 0,484 | 0,0423
185¢0 0,0602 | 0,0554 | 0,0498 | 0,0598.| 0,0533 | 0,0472 | 0,0591 | 0,0521 | 0,0458 | 0,0582 | 0,508 | 0,044 4
19 040 0,0623 | 0,0576 | 0,0520 [ 0,0620 | 0,0556 | 0,0494 | 0,0615 | 0,0544 | 0,0488 | 0,0607 | 0,531 | 0,0466
19500 0,0643 | 0,0599 | 0,054.3,)0,0643 | 0,0580 | 0,0516 | 0,0638 | 0,0568 | 0,0502 | 0,0631 | 0,p554 | 0,0488
20000 0,0664 | 0,0622 | 00566 | 0,0666 | 0,0603 | 0,0539 | 0,0662 | 0,0591 | 0,0525 | 0,0655 | 0,p578 | 0,0511
20500 0,0684 | 0,064 4 (-6,0589 | 0,0688 | 0,0627 | 0,0562 | 0,0685 | 0,0615 | 0,0548 | 0,0679 | 0,602 | 0,0533
21000 0,0704 | 0,0667)| 0,0612 | 0,0711 | 0,0651 | 0,0585 | 0,0709 | 0,0639 | 0,0571 | 0,0703 | 0,626 | 0,0555
21500 0,0724 | 00689 | 0,0635 | 0,0733 | 0,0675 | 0,0609 | 0,0732 | 0,0664 | 0,0594 | 0,0727 | 0,651 | 0,0579
22000 0,0743+[( 0,0712 | 0,0658 | 0,0755 | 0,0699 | 0,0632 | 0,0755 | 0,0688 | 0,0618 | 0,0752 | 0,p675 | 0,060 2
22400 0,0759 | 0,0730 | 0,0677 | 0,0773 | 0,0718 | 0,0651 | 0,0774 | 0,0707 | 0,0637 | 0,0771 | 0,695 | 0,062 1
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Table 2 — Values of the air absorption coefficient (23 °C to 27 °C)

Air absorption coefficient, o« (Np/m), at a static pressure of 101,325 kPa

Temperature: 23 °C Temperature: 24 °C Temperature: 25 °C Temperature: 27 °C
Frequency Relative humidity Relative humidity Relative humidity Relative humidity
Hz 40 % 50 % 60 % 40 % 50 % 60 % 40 % 50 % 60 % 40 % 50 % 60 %

10000 0,0199 | 0,0162 | 0,0138 | 0,0191 | 0,0156 | 0,0133 | 0,0184 | 0,0151 | 0,0129 | 0,0171 | 0,0144 | 0,0121
10500 0,0217 | 0,0178 | 0,0151 | 0,0209 | 0,0171 | 0,0146 | 0,0201 | 0,0165 | 0,0141 | 0,0187 | 0,0153 | 0,013 2
11000 0,0236 | 0,0194 | 0,0165 | 0,0228 | 0,0187 | 0,0159 | 0,0219 | 0,0188 | 0,0154 | 0,0203 | 0,0167 | 0,014 4
11500 0,0256 | 0,0211 | 0,0179 | 0,0247 | 0,0203 | 0,0173 | 0,0238 | 0,0195 | 0,0167 | 0,0221 | 0,0182 | 0,0156
12000 0,076 | 0,0227 | 0,0194 | 0,0266 | 0,0219 | 0,0187 | 0,0257 | 0,0211 | 0,0181 | 0,0239 | 0,019 7 (0,016 9
12500 0,0p96 | 0,0245 | 0,0209 | 0,0286 | 0,0236 | 0,0202 | 0,0276 | 0,0228 | 0,0195 | 0,0257 | 0,0242 | 0{018 2
13000 0,017 | 0,0263 | 0,0225 | 0,0307 | 0,0254 | 0,0217 | 0,0297 | 0,0245 | 0,0211 | 0,027 6 |,0,0228 | 0,019 6
13500 0,039 | 0,0282 | 0,0242 | 0,0328 | 0,0272 | 0,0233 | 0,0317 | 0,0263 | 0,0225 | 0,029.6,40,0245 | 0,021 1
14 000 0,061 | 0,0301 | 0,0259 | 0,0355 | 0,0291 | 0,0255 | 0,0339 | 0,0281 | 0,0241 | 0,03L6 | 0,0262 | O
14 500 0,083 | 0,0321 | 0,0276 | 0,0372 | 0,0311 | 0,0266 | 0,0366 | 0,0330 | 0,0257 (°.0;6337 | 0,0288 | O
15000 0,006 | 0,0341 | 0,0294 | 0,0394 | 0,0333 | 0,0284 | 0,0382 | 0,0319 | 0,02%4 | 0,0358 | 0,0298 | 0
15500 0,029 | 0,0362 | 0,0312 | 0,0417 | 0,0355 | 0,0301 | 0,0405 | 0,0338 | 0,0291 | 0,0388 | 0,0316 | O
16 000 0,0452 | 0,0383 | 0,0331 | 0,0444 | 0,0371 | 0,0322 | 0,0428 | 0,035,9,4.,0,0309 | 0,0402 | 0,0335 | 0
16 500 0,076 | 0,0404 | 0,0355 | 0,0464 | 0,0392 | 0,0338 | 0,0451 | 0,6379 | 0,0327 | 0,0425 | 0,0355 | 0{0306
17 000 0,0499 | 0,0426 | 0,0369 | 0,0487 | 0,0413 | 0,0357 | 0,0474 | Q044 | 0,0346 | 0,0448 | 0,0375 | 00323
17 500 0,023 | 0,0448 | 0,0389 | 0,0511 | 0,0435 | 0,0377 | 0,0498\]°0,0421 | 0,0365 | 0,0471 | 0,0395 | 0[034 1

0

0f

0

0f

0

0

0f

0

0f

0f

0225
024 4
0256

0272
0289

18000 0,0p48 | 0,0471 | 0,0411 | 0,0536 | 0,0457 | 0,0397 | 0,0522 | 0,0443 | 0,0384 | 0,0495 | 0,0416 0366
18 500 0,072 | 0,0494 | 0,0431 | 0,0566 | 0,0488 | 0,0417\6,0547 | 0,0465 | 0,0404 | 0,0519 | 0,0437
19000 0,096 | 0,0517 | 0,0452 | 0,0585 | 0,0503 | 0,043'8 | 0,0572 | 0,0488 | 0,0424 | 0,0543 | 0,0459
19 500 0,021 | 0,0544 | 0,0473 | 0,0609 | 0,0526 |-0;06459 | 0,0597 | 0,0511 | 0,0445 | 0,0568 | 0,0481
20000 0,0p46 | 0,0564 | 0,0495 | 0,0634 | 0,0549.\"0,0488 | 0,0622 | 0,0534 | 0,0466 | 0,0593 | 0,0503
20500 0,0p77 | 0,0588 | 0,0517 | 0,0666 | 0,0573 | 0,0502 | 0,0647 | 0,0558 | 0,0487 | 0,0618 | 0,0526
21000 0,095 | 0,0612 | 0,0544 | 0,0685~\0,0597 | 0,0524 | 0,0672 | 0,0582 | 0,0509 | 0,0644 | 0,0549
21500 0,022 | 0,0637 | 0,0563 | 0,011 | 0,0622 | 0,0547 | 0,0698 | 0,0606 | 0,0531 | 0,0669 | 0,057 3
22000 0,045 | 0,0661 | 0,0586,,%0,0735 | 0,0646 | 0,0577 | 0,0724 | 0,0633 | 0,0553 | 0,0695 | 0,0597
22400 0,0y65 | 0,0681 | 0,060-5\[70,0756 | 0,0666 | 0,0588 | 0,0744 | 0,0655 | 0,0571 | 0,0716 | 0,0616

0378
0398
0417

0437
0458
047 8

0550
0521
0538

8 Method usingareference sound source

8.1 Refere¢nce sound source

A reference sound source (RSS)shatl be used which emits sufficient acousticat energy inm the 16 kHz
octave band to obtain an average band pressure level in the reverberation test room that is atleast 10 dB
above the background noise level. The sound power levels of the reference sound source shall be known
and shall be determined in accordance with ISO 6926.

For the measurement of broad-band noise, the calibration shall be performed in one-third-octave bands.

For the measurement of discrete tones, the calibration of the reference sound source shall be performed
in narrow bands (e.g. 100 Hz constant band-width or one-twelfth octave) and the sound power levels
shall be reported per unit band-width (power spectral density).

8.2 Installation of microphone and equipment

The microphone and the equipment under test shall be installed as described in 5.4 and 5.5, respectively.
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Installation of reference sound source

The location of the reference sound source in the reverberation test room shall be the same as for the
equipment under test.

One single location and one orientation for the RSS are sufficient.

8.4 Measurement of sound pressure level

Before measuring the noise of the equipment under test and the noise of the reference sound source, the
measurement set-up shall be calibrated as described in 5.6. The mean time-averaged sound pressure

level,

as de;j
octav

a nar
used.

analy]

8.5

8.5.1
The s

wher

L

o~

D~

D~

Liy = Ly rssy = Lprss) + Lp(sT)

74

V/(RSS)

p(RSS)

p(ST)

Calculation of sound power level

Equipment emitting broad-band noise

bund power level of each one-third-octave band of interest shall be calculated from F

L, strattbe measured sequentiatty for the equipment under testamnd the Teference

cribed in 5.7. When the noise of the equipment under test is broad-band in character
e band analyser shall be used. When the noise of the equipment under test contains d
row-band analyser providing analysis bandwidths of less than one-third-oétave in w
The same bandwidth shall be used for the measurements of the sound“pressure
equipment under test and of the reference sound source. The band-width andfilter characts
ser shall be reported.

is the band sound power level(reference: 1 pW) of the equipment under test,

is the band sound powerevel (reference: 1 pW) of the calibrated reference §
in decibels, as determined in accordance with 8.1;

is the mean band sound pressure level (reference: 20 uPa) of the calibrated ref
source, in deCibéls, measured in accordance with 5.7;

is the mean band sound pressure level (reference: 20 pPa) of the four orient
equipment under test, in decibels, measured in accordance with 5.7.

ound source,

a one-third-
screte tones,
idth shall be

level of the
bristics of the

ormula (8):

(8)

in decibels;

ound source,

brence sound

ations of the
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8.5.2 Equipment emitting discrete tone(s)

The sound power level shall be calculated for each frequency of interest from Formula (9):

LW = LW(RSS) - LP(RSS) + Lp(ST) + 10 lg (AF/l HZ) dB

where
Lw

Lw(rss)

(9)

is the band sound power level (reference: 1 pW) of the equipment under test, in decibels;

is the sound power level (reference: 1 pW) per unit band-width of the calibrated reference

Ly (rss)

Lp(st)

AF

NOTE Th
signal power
spectral dens

9 Methog

9.1 Gener

A method th
A hemi-anec
shall provide
defined in IS
NOTE 1 Su

NOTE2 Ay
but thiscanb

| £ dal £ e P | | 1 Lade - ol | -
SUUNIU SUUTILE, TOI UITITTYUTIIL y UL THILTT TS L, TITUTLIUTLS, d5 UTLETITITHICUW T aLLUTUATICT VI

is the mean time-averaged sound pressure level (reference: 20 puPa) of the(ealib
reference sound source, in decibels, measured in accordance with 5.7, in nartew bz

is the mean time-averaged sound pressure level (reference: 20 pPa) of the/four orient
of the equipment under test, in decibels, measured in accordance with.5:7 in narrow k

is the bandwidth of a constant bandwidth analyser (e.g. an FFT analyser) used for the
pressure level measurements; it is the noise bandwidth of the*filter, not the band
between half-power points. For constant percentage bandwitth analysers (e.g. 1/24th
band), this parameter can be assumed to be equal to 14z+The bandwidth of an FF']
be 112 Hz or less.

e noise bandwidth is the bandwidth of the ideal (rectangular) filter that would pass the
s the real filter when each is driven by a stationary«tahdom-noise signal having a constant

ty.
1 using a free field over a reflecting plane

al

ht uses a free field over a réflecting plane exists. This technique is described in ISO
hoic room shall be usedAfor'the measurements described hereafter. The test enviror

D 3744,
table test environments are also defined in ISO 3745I[1].

mall error might be introduced by this procedure due to interference caused by the reflecting
 ignored:

NOTE3 Al
small foram

hough(air absorption plays an important role in the high-frequency range, its effect is relg
Surement radius of less than 2 m in a free field over a reflecting plane.

h8.1;

rated
inds;

htions
ands;

sound
width
ctave
shall

same
power

3744,
iment

an essentially free field over a reflecting plane. Criteria for suitable test environmenits are

plane,

tively

9.2 Meteorological conditions

The requirements of ISO 3744 as applicable shall be followed.

For equipment whose noise emissions intentionally vary with ambient temperature (e.g. by varying the
speeds of air moving devices), the room temperature during the test measurement shall be 23 °C + 2 °C
or, if the room temperature is outside these limits, then the fan shall be adjusted to the speed for an
ambient temperature of 23 °C * 2 °C.

The following conditions are recommended:

Static pressure: 86 kPa to 106 kPa;

15°Cto 30 °G;

Temperature:
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40 % to 70 %.

Relative humidity:

NOTE As indicated in Tables 1 and 2, higher temperatures and higher humidity will tend to minimize the
effects of atmospheric absorption.

9.3 Instrumentation

The sound measuring system, including the microphone, should have a flat free-field frequency response
for normally incident sound in the 16 kHz octave band. The microphone response shall be corrected to
give a flat frequency response within the 16 kHz octave band. The tolerances after correction shall be

within 1,0 dB in the frequency range 11,2 kHz to 22,4 kHz.

NOTE

When
of ong
tones
be us

NOTE
band i
partic

9.4

The mpicrophone(s) shall be installed on an imaginary hemisphere which has its origin in t
plane
hemis

1  To meet this requirement, a microphone with a diameter of 13,2 mm or less is usuallyg

the noise of the equipment under test is broad-band in character, an analysef with
-third-octave or less shall be used. When the noise of the equipment under‘test cont
a narrow-band analyser which provides bandwidths of less than one-third-octave i
bd to determine the frequency of the tone(s) and to enhance the signal-to*noise ratio.

2 For narrow-band analysis, an analyser with a bandwidth equal tg;Zor less than, one-t

s appropriate. Digital analysers using fast Fourier transform (FFT) orlequivalent techniques
ularly when the analyser combines narrow-band analysis and averaging.

Installation and orientation of microphone

Thenormalto the diaphragm ofthe microphone(s) shall pass throughthe origin ofthen
phere. One of the following three microphoneiarrangements shall be used:

bquired.

a bandwidth
hins discrete
h width shall

welfth octave
can be useful,

he reflecting
heasurement

a) a|rotating boom, which moves the microphone(s) along coaxial circular paths on the imaginary
hemisphere as specified in ISO 3744 witha-minimum of 10 heights; the traversing period as required
bly ISO 3744. Longer periods might be-suitable to reduce background noise of the drivg mechanism.

b) alfixed microphone array with the.equipment under test mounted on a rotating turntaple; the fixed
microphones arranged so thdt coaxial circular paths are created by the rotating tyrntable. The
cpaxial circular path arrangement specified in ISO 3744 with a minimum of 10 heights $hall be used.

c) When using fixed mierephone positions with the equipment under test in a fixed [position, the
preferred microphofie,positions given in ISO 3744 shall be used for all sources.

NOTE|1  If preliminany investigation reveals that the source radiates noise in a highly directfional manner,

accuracy might be improved by changing the orientation of the source, relative to the microphone plath, repeating

the me¢asurement and averaging the results using Formula (1).

Care phall be'taken to ensure that there is no electrical pick-up by the measurement insfrumentation

which} caminterfere with the sound pressure level measurement.

NOTE 2 A test with a dummy microphone, and with the equipment under test in operation, can determine the

electrical background level.

9.5

Installation of equipment

The equipment under test shall be placed on the reflecting floor. The projection of the geometric centre
of the equipment on the floor shall be the origin of the measurement hemisphere with radius, r (see 9.4).

9.6 Calibration of measurement system

Before measuring the noise of the equipment under test, the measurement set-up shall be calibrated in
accordance with ISO 3744. Calibration at a single frequency is sufficient if the frequency response of the
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entire system, including the frequency range of the 16 kHz octave band, is checked at intervals of not
more than two years.

If an FFT analyser is calibrated with a single-frequency calibrator, care shall be taken to have all major
sideband levels included in the calibration level.

9.7 Measurement of sound pressure level

The time-averaged sound pressure level shall be measured in one-third-octave bands or in narrow
bands which contain any discrete tones. Measurements of the time-averaged sound pressure level in
accordance with 9.3 shall be carried out for each frequency band within the frequency range of interest.

The followin
a) the band

b) the bang
by ancill

True integrat
is the preferi

4 l.idl,d blldH bU U‘Ul,dillt!cl.
time-averaged sound pressure levels with the equipment in operation;

time-averaged sound pressure levels of the background noise (including-yoise pro
Ary equipment, if any).

ion-averaging during a full sweep of the microphone or during a fullrevolution of the s
ed method. If the source is rotated, the mean time-averaged sound-pressure level sh

Huced

ource
all be

determined for one revolution of the source. The influence of measurement duration and corrections for

background

hoise shall be taken into account in accordance with ISO 3744

If microphonje arrangements in accordance with 9.4 item a) or item b) ate used, the minimum integ

time shall bd
integration t

30 s. If fixed microphone locations in accordance with'9.4 item c) are used, the min
me shall be 8 sateach location or a total integrationtime of atleast 30 s if the measurel

are made sinultaneously at each microphone.

When FFT a
For this reas
repeated as

For microph
increased to

Furthermorse
the sideband|

The bandwid

9.8 Calcul
The procedu

If the measu
accordance v

halysers are used, the analysis time is typically greater than the individual time wi
on, the total measurement time shall be-increased, or individual measurements sh|
specified in 5.7 for microphone arrangements in accordance with 9.4 item a) or it¢
bne arrangements in accordance wjith-9.4 item c), the minimum integration time sh
30 s.

, when using FFT or equivalént techniques for the analysis of discrete tone(s), the lev
s shall be considered as described in 5.7, Formula (3).

th and filter characteristics of the analyser shall be reported.

ation of surface@sound pressure level and sound power level
Ies of ISO 3744 shall be used.

rement-radius, r, is greater than 2 m, the surface sound pressure level determir
rithdSO 3744 shall be corrected by adding the absorption correction K, before detern;

the sound pg

Fation
imum
ments

ndow.
all be
bm b).
all be

rels in

ed in
1ining

wer level. K, is determined from Formula (10):

K,=r-a (10)
where
a is the absorption coefficient, in decibels per metre, before determining the sound power level.

12
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10 Calculation of sound power level under reference meteorological conditions

10.1

Reverberation rooms

Reduced static pressure creates a bias in the sound power level. The sound power levels corresponding
to the reference static pressure of 101,325 kPa and reference atmospheric temperature 23,0 °C shall be
calculated in accordance with I1SO 3741.

10.2

Intert

u

Thist
This 1
meas

Meas
devia

NOTE
uncer

level from equipment to equipment or fremxtest to test, which can be caused, for example, by d
ation or operating conditions of the/equipment. The reproducibility and repeatability of the test results

instal
for th
stand
measy

The g
claus
adjus

12 1

12.1

Hemi-anechoic rooms

d y d ] ] Nd DOW
| the sound power levels corre

to the referenc

leasurement uncertainty

incertainties of sound power levels, u(Ly) in decibels, determired in accordan
national Standard are estimated by the total standard deviation, e , in decibels:

Ly ) = O ot

ptal standard deviationis obtained usingthe modellingapproach described in ISO/IEC
equires a mathematical model, which in case of lack @f knowledge, can be replaced by
irements, including results from round robin tests:

irements carried out in accordance with the methods in this International Standard y
Fions of reproducibility for the sound powerlével in the 16 kHz octave band equal to orl

The standard deviation given aboveéireflects the cumulative effects of all causes of
ainty, including variations from laboratery to laboratory, but excludes variations in the

e same piece of equipment and the’ same measurement conditions can be considerably betts
ird deviations) than the uneextdinty given above. The reproducibility values are based on t
rements which were takefn at'other laboratories in the preparation of the first edition of ISO

uidance on the development of information on measurement uncertainty contained ir
es of ISO 3741 and™1SO 3744, as applicable, can be used for this International St
'ments for medsurement in the 16 kHz octave band.

hformation to be recorded

General

325 kPa and
A

ce with this

(11)

uide 98-3(3].
results from

eld standard
bss than 3 dB.

measurement
sound power
hanges in the

er (i.e. smaller
he datal3] and
9295.

the relevant
andard with

The following information shall be recorded, where applicable, for all measurements carried out in
accordance with this International Standard.

12.2

Equipment under test

The following information shall be recorded:

a) d

b)

escription of the equipment under test (including principal dimensions);

operating conditions with reference to ISO 3741 or ISO 3744; if the equipment has multiple operating

modes, description of each individual mode for which measurements have been performed;

‘)

installation conditions;

© ISO 2015 - All rights reserved
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d)

location(s) of equipment in the test environment.

12.3 Acoustic environment

The following information shall be recorded:

description of the acoustic environment, dimensions, shape, and acoustical characteristics

ion and/or reverberation time in frequency bands) of the room;

description of the microphone arrangement;

erature, expressed in degrees Celsius, relative humidity, expressed as a percentage, and

a)
(absorpt
b)
c) air temp
static pr
12.4 Instry

The followin

a)
b)
‘)
d)

e)
f)

12.5 Acoustical data

equipme
type ang
frequenc

method
and plac

type and

method

The followin

a)
b)

c)

d)

method
type of 1

sound p

in one-third-octave bands)and/or narrow bands together with the frequency of the tone(s

requiren
noise en|

the expa

date, tin

bssure, expressed in pascals.

mentation

b information shall be recorded:

bandwidth of the frequency analyser;
y response of the instrumentation system;

1sed for checking the calibration of the microphone(s):and other system components
b of calibration;

calibration of reference sound source, and date‘and place of calibration;

ised for determining the mean time-averaged sound pressure level.

b information shall be recorded:
ised for determining soundspower level;

oise in accordance with-Table 3;

pwer level(s) (referénce: 1 pW) under reference meteorological conditions, in de

hents of [ISO 3741 or ISO 3744, as applicable, shall be followed, including calculation
ission at thereference meteorological conditions;

hded measurementuncertainty of the results, asrequired by ISO 3741 or ISO 3744, as appli

nt used for the measurement, including name, type, serial number,.and manufacturef;

. date

ibels,
. The
of the

cable;

né-and place where the measurements were performed, and the name of the p

erson

perform

ng the measurements.

13 Information to be reported

Thereportshall contain the statementthatthe sound powerlevels have been obtained in full conformance
with one or more of the methods described in this International Standard. This report shall contain, as
a minimum, the following information:

a) name(s) and model number(s) of the equipment under test;

b) type of noise in accordance with Table 3;

14
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