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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
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Introduction

This part of ISO 3743 is an element of the series 1SO 3740["] to ISO 374771, which specify various methods
for determining the sound power levels and sound energy levels of noise sources including machinery,
equipment and their sub-assemblies. The selection of one of the methods from the series for use in a
particular application depends on the purpose of the test to determine the sound power level or sound energy
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For applications where greater accuracy is required, reference can be made to 1ISO 37412l or arf

part
ISO
part

ToroTT

B740[1] to ISO 3747171 give only general principles regarding the operating and mounting con
ninery or equipment for the purposes of the test. It is important that test codes be, es
dual kinds of noise source, in order to give detailed requirements for mounting, loading, a
itions under which the sound power levels or sound energy levels are to be obtained:

method given in this part of ISO 3743 is based on a comparison of the sound pressure lev
ency bands of a noise source under test with those of a calibrated reference sound source
d power levels or sound energy levels may be calculated from the octave-band levels. TH
ed in a hard-walled test room with prescribed acoustical characteristics, where it can be ug
5 of portable equipment. Such a room allows either the sound powentevels or the sound eng
oise source under test to be determined, depending on the character of the noise emitted by
pver, this kind of test room is not suitable for larger pieces~of stationary equipment which,
ner of operation or installation, cannot readily be moved. The application of the method for us
pment or machinery is found in situ is described in ISO 3747171,

methods specified in this part of ISO 3743 permit.the determination of the sound power |
d energy level in frequency bands and/or with frequency A-weighting applied.

part of ISO 3743 describes a method of accuracy grade 2 (engineering grade) as defined in
of 1SO 961415171 If the relevant critefia for the measurement environment specified in

3743 are not met, it might be possible to refer to another standard from this series, or to an
bf 1ISO 9614[15117],
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INTERNATIONAL STANDARD

ISO 3743-1:2010(E)

Acoustics — Determination of sound power levels and sound
energy levels of noise sources using sound pressure —
Engineering methods for small movable sources in reverberant
fields

Pa

it 1:

Comparison method for a hard-walled test room

1.1

This

Scope

General

part of ISO 3743 specifies methods for determining the sodnd power level or sound ener

nois

source by comparing measured sound pressure levels emitted by this source (machinery o

moupted in a hard-walled test room, the characteristics of which are specified, with those from
refenence sound source. The sound power level (or, instheé’case of noise bursts or transient noi
the gound energy level) produced by the noise source, in frequency bands of width one octave,

usin
calcl

1.2

The

those measurements. The sound power .level or sound energy level with A-weightin
lated using the octave-band levels.

Types of noise and noise sources

method specified in this part of ISO-3743 is suitable for all types of noise (steady, non-steady

isolated bursts of sound energy, etcy).defined in ISO 12001.

The
the g

1.3

The
hard

1.4

noise source under test may be a device, machine, component or sub-assembly. The maxi
ource depends upon the,size of the room used for the acoustical measurements (see 4.2).

Test environment

fest environment that is applicable for measurements made in accordance with this part of 19
walled test)room with prescribed acoustical characteristics.

Measurement uncertainty

gy level of a
r equipment)
a calibrated
5e emission,
s calculated
y applied is

, fluctuating,

mum size of

50 3743 is a

Information is given on the uncertainty of the sound power levels and sound energy levels determined in
accordance with this part of ISO 3743, for measurements made in frequency octave bands and for A-weighted
frequency calculations performed on them. The uncertainty conforms to ISO 12001:1996, accuracy grade 2
(engineering grade).

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

© 1SO 2010 — All rights reserved
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ISO 6926, Acoustics — Requirements for the performance and calibration of reference sound sources for the

determinatio

n of sound power levels

ISO 12001:1996, Acoustics — Noise emitted by machinery and equipment— Rules for the drafting and

presentation

of a noise test code

ISO/IEC Guide 98-3, Uncertainty in measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 60942:2

IEC 61260:1

IEC 61672-1

3 Termsq and definitions

For the purp

3.1

sound pressure

)4

difference between instantaneous pressure and static pressure

sound presgure level

NOTE 1 A
NOTE 2 S
3.2
Lp
ten times th

reference vd

L

, =10

where the re

[ISO/TR 254

NOTE 1 f
applied, this i

003, Electroacoustics — Sound calibrators

:2002, Electroacoustics — Sound level meters — Part 1: Specifications

pses of this document, the following terms and definitions apply.

Hapted from 1SO 80000-8:200719], 8-9.2.

bund pressure is expressed in pascals.

e logarithm to the base 10 of the ratjo of the square of the sound pressure, p, to the square
lue, pg, expressed in decibels

p?
lg— dB
Po
ference value, pg;is 20 uPa

17:2007138},2.2]

specific frequency and time weightings as specified in IEC 61672-1 and/or specific frequency band

of a

(1)

S are

indicated by appropriate subscripts; e.g. LpA denotes the A-weighted sound pressure level.

NOTE 2

3.3

This definition is technically in accordance with ISO 80000-8:2007019], 8-22.

time-averaged sound pressure level

L

p,T

ten times the logarithm to the base 10 of the ratio of the time average of the square of the sound pressure, p,
during a stated time interval of duration, T (starting at ¢, and ending at #,), to the square of a reference value,
Do, expressed in decibels

© 1SO 2010 — All rights reserved
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12
2
- j p2(t)dt
4

L,r=10lg dB

2
pPo

where the reference value, pg, is 20 uPa

NOTE 1

over

NOT
usua

NOT

34
sing
Lg
tent
isola
endi

whete the reference value, E, is (20 uPa)?s =4 x 10-10 PaZ s

NOT

NOT
(see

3.5

measurement\time interval

T
porti
time

NOTE

3.6
com

In general, the subscript “7” is omitted since time-averaged sound pressure levels are necessar

()

ily determined

B certain measurement time interval.

F 2 Time-averaged sound pressure levels are often A-weighted, in which case they are denoted by
ly abbreviated to LPA.

F 3 Adapted from ISO/TR 25417:2007(18], 2.3.

le event time-integrated sound pressure level

mes the logarithm to the base 10 of the ratio of the integral of the square of the sound press

hg at #,) to a reference value, £, expressed in decibels

- i
[ p2()a
11

Ly =101g dB

Eg

E 1 This quantity can be gbtained by L,r +10IgTi dB,where T;=1s
0

F 2  When used~te” measure sound “sound ex

SO/TR 25417:200718)).

immission, this quantity is usually called

bn-ora multiple of an operational period or operational cycle of the noise source under test f

, C
L, Which is

ure, p, of an

fed single sound event (burst of sound or transient sound) over a'stated time interval T (starting at 7, and

©)

bosure level”

or which the

averaged sound pressure level is determined

Measurement time interval is expressed in seconds.

parison method

method by which the sound power level or sound energy level of a noise source under test is determined from
a comparison of the sound pressure levels produced by the source under test with those of a reference sound
source of known sound power output, when both sources are operated in the same environment

© 1SO 2010 — All rights reserved
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hard-walled test room
room in which the acoustical reflectivity of all room surfaces (including the floor and ceiling) is high over the
frequency range of interest

3.8

reverberant sound field
that portion of the sound field in the test room over which the influence of sound received directly from the
source is negligible

3.9

sound abso
o

at a given fr
which is not

3.10
reference s
sound sourd|

NOTE
Clause 5.

F

3.1
frequency r
for general
8 000 Hz

NOTE F
sound source
range can bg
8 000 Hz ban

3.12

reference b
hypothetical
is located, th
table on whi

NOTE f
measurement

3.13
backgrounc
noise from a

NOTE B

Tptiomrcoefficient

bquency and for specified conditions, the relative fraction of sound power incident upon. a su
reflected

bund source
e meeting specified requirements

br the purposes of this International Standard, the requirements are thase“specified in 1SO 6926:

ange of interest
urposes, the frequency range of octave bands with nominal mid-band frequencies from 125

br special purposes, the frequency range can be reduced, provided that the test environment, refe

rface

1999,

Hz to

fence

, and instrument specifications are satisfactory for'use over the modified frequency range. The freqyiency

extended downwards as far as the 63 Hz octave band, but cannot be extended upwards beyon
. Any reduced or extended frequency range is elearly indicated as such in the report.

DX
right parallelepiped terminating.on the floor of the test room on which the noise source unde
at just encloses the source ineluding all the significant sound radiating components and any
Ch the source is mounted

required, the smallest~possible test table can be used for compatibility with emission sound pre

s at bystander positions in accordance with the ISO 11200 to ISO 11204 series.

noise
[l sources.other than the noise source under test

d the

r test
test

ssure

and

electrical nois

hckground noise includes contributions from airborne sound, noise from structure-borne vibration

Aatha incte
Tt TSt eratons

3.14

background noise correction

Ky

correction applied to the measured sound pressure levels to account for the influence of background noise

NOTE 1

NOTE 2

Background noise correction is expressed in decibels.

denoted K1f’ where f'denotes the relevant mid-band frequency, and that in the case of A-weighting is denoted K 4.

The background noise correction is frequency dependent; the correction in the case of a frequency band is

© 1SO 2010 — All rights reserved
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3.15

sound power

P

through a surface, product of the sound pressure, p, and the component of the particle velocity, u,, at a point
on the surface in the direction normal to the surface, integrated over that surface

[ISO 80000-8:2007[19] 8-16]
NOTE 1 Sound power is expressed in watts.

NOTE 2  The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

3.16
sound power level
Ly
ten times the logarithm to the base 10 of the ratio of the sound power of a source, P,toa reference value, Py,
expressed in decibels

L, =10lg2 dB (4)
Py

whefe the reference value, Py, is 1 pW

NOTE 1 If a specific frequency weighting as specified in IEC 61672<1 and/or specific frequency bands arg applied, this
should be indicated by appropriate subscripts; e.g. L, denotes the:A-weighted sound power level.

NOTE 2  This definition is technically in accordance with 1S©.80000-8:2007!19], 8-23.
[ISO|TR 25417:2007[8 2.9]

3.17
sound energy

J
integral of the sound power, P, over.a stated time interval of duration T (starting at z; and ending af ¢,)

2
J = IP(t) dr ()

&
NOTE 1 Sound €nergy is expressed in joules.

NOTE 2  Thequantity is particularly relevant for non-stationary, intermittent sound events.

[ISO|TR25417:2007('8], 2.10]

3.18

sound energy level

Ly

ten times the logarithm to the base 10 of the ratio of the sound energy, J, to a reference value, J,, expressed
in decibels

L, =101g-L dB (6)
Jo

where the reference value, Jy, is 1 pJ

© 1SO 2010 — All rights reserved 5
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NOTE If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are applied, this
should be indicated by appropriate subscripts; e.g. L, denotes the A-weighted sound energy level.

[ISO/TR 25417:200718], 2.11]

4 Test room and size of noise source under test

4.1 Reference box

In order to

The

reference bgx is a hypothetical surface defined by the smallest right parallelepiped that just encloses the)noise

source undgr test. The noise source under test shall be taken to include all significant sources of s
emission, influding auxiliary equipment which cannot either be removed or adequately quietened, an

ound
i the

reference bgx shall be extended appropriately. When defining the dimensions of the reference,box, elenjents

protruding frbm the source which are not significant radiators of sound may be disregarded.

4.2 Volume of test room and size of noise source under test
The volume [of the test room shall be at least 40 m3, and at least 40 times the voltime of the reference box.

In rooms with volumes between 40 m3 and 100 m3, the largest dimension® of the reference box sha
. In rooms with volumes greater than 100 m3, the largest‘dimension of the reference box

exceed 1,0
not exceed 2

,0m.

4.3 Acougtical properties of test room

A hard-wallg
boundary su
unfurnished
coverings) ¢

Table 1 — Acceptable and unacceptable rooms

| not
shall

d room shall be used. This means that the;sound absorption coefficient of any portion of any
rface shall not exceed 0,20 at all frequencigs within the frequency range of interest. Most ord
rooms without special acoustical treatment (e.g. acoustical ceilings and/or absorptive
bmply with this requirement. Table 1.gives guidelines.

nary,
wall

Acceptable rooms

Unacceptable rooms

Nearly empt
made of con

y rooms with smooth hard “walls and ceiling
rete, brick, plaster or.tile

Rooms with upholstered furniture, machinery or indu
rooms with a small amount of sound absorptive materi
ceiling or walls (e.g. partially absorptive ceiling)

strial
Al on

Partly empty

rooms, roomsith’smooth hard walls

Rooms with some sound absorptive materials on
ceiling and walls

both

Rooms  witl
machinery rd
materials on

nout upholstered furniture, right cuboid
omss or’industrial rooms, no sound absorptive
surfaces

Rooms with large amounts of sound absorptive matg
on either ceiling or walls

rials

Irregularly s
irregularly sh

haped rooms without upholstered furniture,
aped machinery rooms or industrial rooms, no

sound absorptive materials on surfaces

4.4 Criterion for acoustic adequacy of test room

The suitability of a test room can differ from one noise source under test to another. The requirements for the
room are most critical when a highly directional sound source is to be evaluated. When testing the general
suitability of a test room, the procedure described hereafter shall be followed.

© 1SO 2010 — All rights reserved
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A highly directional, broad-band sound source, having a directivity index (see 1ISO 3744[4] or ISO 3745[3]) of at
least 5 dB at all frequencies of interest above 500 Hz, is located in the test room as given in 6.3, so that the
strongest component of sound energy is within 45° of the horizontal plane and is reflected at least once from a
boundary with a minimum of loss before reaching any of the microphone positions. Microphone positions are
chosen in accordance with 7.3 and the mean background noise corrected octave band time-averaged sound

pressure level, L ,q , is determined [see Equation (14) omitting RSS terms, i.e.

Ly(rss) = L'yrss) = K1rss) =0

° . .
d 4 oMmMpIlance [

and ituting £, «. The sou ) in requirement
of 6{3 and the corresponding octave-band time-averaged sound pressure level, Ly, is determined. This
procedure is repeated twice more to determine L ,3 and L4 . The fourth position shall be~withjn 45° to 90°
of the first position. This whole procedure is then repeated four more times with the sound s¢urce turned
upwards so that the strongest component of sound energy is within 45° of the vertical; and foun more mean
octaye band time-averaged sound pressure levels are determined. The test room,is eonsidered tp be suitable
for the purposes of this part of ISO 3743 if the maximum difference between the octave band sound pressure
levels of any two source positions for the frequency bands with mid-band frequencies between| 125 Hz and

8 00D Hz does not exceed the standard deviations of reproducibility of Table™3.

QunNad SOuU Nen 1 \

NOTE As an alternative to the highly directional sound source, a sound_source of the same type as thg noise source
to be|tested can be used. However, if this alternative procedure is used, the suitability of the room can be taken as proven
only for testing this type of noise source.

4.5 | Criterion for background noise

The mean octave-band time-averaged sound pressureilevel of the background noise measured and averaged
over|the microphone positions or traverses (see 8:1(2), shall be at least 6 dB, and preferably morg than 15 dB,
beloyw the corresponding mean uncorrected octave-band sound pressure levels (time averaged or single
event) from the noise source under test (see 8:1-2 and 8.2.2) and from the reference sound sourcg.

NOTE If it is necessary to make measurements where the difference between the sound pressure| levels of the
background noise and the sources is less than 6 dB, ISO 9614-1[1% or ISO 9614-21"6] can be used.

4.6 | Ambient temperature and humidity

The [ambient temperature ‘and relative humidity in the test room shall be monitored and maintained at as
nearly constant values.as-practicable during measurements.

5 |nstrumentation and measurement equipment

5.1 | Géneral

The Tnsirumentation system, including the microphones and cables, shall meet the requirements of
IEC 61672-1:2002, class 1, and the filters shall meet the requirements of IEC 61260:1995, class 1. The
reference sound source shall meet the requirements given in ISO 6926.

5.2 Calibration

Before and after each series of measurements, a sound calibrator meeting the requirements of
IEC 60942:2003, class 1 shall be applied to each microphone to verify the calibration of the entire measuring
system at one or more frequencies within the frequency range of interest. Without any further adjustment, the
difference between the readings made before and after each series of measurements shall be less than or
equal to 0,5 dB. If this value is exceeded, the results of the series of measurements shall be discarded.

© 1SO 2010 — All rights reserved 7
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The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements of
IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260, and the compliance of the
reference sound source with the requirements of ISO 6926, shall be verified, at intervals in a laboratory
making calibrations traceable to appropriate standards.

Unless national regulations dictate otherwise, it is recommended that the sound calibrator should be calibrated
at intervals not exceeding 1 year, the reference sound source should be calibrated at intervals not exceeding
2 years, the compliance of the instrumentation system with the requirements of IEC 61672-1 should be
verified at intervals not exceeding 2 years, and the compliance of the filter set with the requirements of

IEC 61260 s

hould be verified at intervals not exceeding 2 years.

6 Defini

6.1

It is important to decide which components, sub-assemblies, auxiliary equipment, power sources,

constitute in
determined.
the test, sing
This clause
conditions,
results obtai

This part of

but these a
particular tyy

6.2 Auxil

Care shall b
under test d

General

g0 as to achieve an arrangement which is reproducible and which can be related clearly t

lion, location, installation, and operation of noise source under test

tegral parts of the noise source whose sound power level or sound-energy level is f
It is important also to define the manner in which the noise source is-installed and operate

etc.,
b be
d for

e both these factors can have a significant influence on the sound power or sound energy enpitted.

Hescribes the approach to be adopted in setting up the noise sourcefor testing and in definin
hed.
SO 3743 gives general specifications relating to noise source definition, installation and oper

e overridden by the instructions and specifications of a noise test code, if any exists, fo
e of source.

ary equipment

e taken to ensure that any electrical conduits, piping or air ducts connected to the noise s¢
b not radiate significant amounts of soUnd energy into the test environment.

If practicablg,

part of it sh
radiated intg

all auxiliary equipment necessary for the operation of the noise source under test that is
Il be located outside the test.foom. If this is impractical, care shall be taken to minimize any s
the test room from such-equipment. The noise source under test shall be taken to inclug

j the
b the

ation,
r the

urce

hot a
bund
e all

significant spurces of sound emission, including auxiliary equipment which cannot either be removed or

adequately quietened, and the reference box (see 4.1) shall be extended appropriately.

6.3 Noise source location

The noise squrce to bétested shall be installed in the test room at one or more locations (see the following) as
n the
all be
r the
purpose of thete erence
box shall be 1 m. The sides of the reference box shall not be paraIIeI to the walls of the room. Con5|derat|on
shall be given to the placement of the source in relation to the microphone positions used for measurements,
see 7.3. This usually leads to the source being placed near the middle of a large test room so that
microphones can be positioned around all four sides of the source. In a small test room, the source can be
placed nearer to one end of the room so that a reverberant sound field where measurements are made can be
established at the other end.

A preliminary aural examination of the noise emitted by the source shall be made to determine whether it is
noticeably directional. If a source emits more sound energy in one direction than another, it shall be oriented
in such a way that the strongest component of sound energy is reflected at least once from a boundary
surface of the test room, with a minimum of loss, before reaching any of the microphone positions.
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The aural examination shall also be used to detect whether the noise emitted by the source contains discrete
tones or strong components in narrow bands of frequency. If this is the case, some preliminary measurements
shall be made (see 7.4) to determine whether it is necessary to use two different source locations in the test
room, or even to repeat the tests in another, different test room, still complying with the requirements of this

part

6.4

of ISO 3743.

Installation and mounting conditions

In many cases, the sound power or sound energy emitted by a source is affected by the support or mounting
conditions. Whenever a typical condition of mounting exists for the noise source under test, that condition

shall

Mou

used
or ca

that

Prec

mou

Man

meth
surfs
poss
vibrg
shou

be used or simulated, if feasible.

nting conditions specified or recommended by the manufacturer of the noise source under
unless otherwise specified in any relevant noise test code. If a typical mounting condition dg
nnot be utilized for the test, or if there are several alternative possibilities, care shall be tak
he mounting arrangement does not induce a variability in the sound output of theysource whi
autions shall be taken to reduce any sound radiated from the structure on,which the noi
nted.

/ small sound sources, although themselves poor radiators of low-frequency sound, can, as a
od of mounting, radiate more low-frequency sound when their wibrational energy is tr
ces large enough to be efficient radiators. In such cases, resilient mounting shall be i

tion to the support and the reaction on the source are both minimized. In this case, the mq
Id be rigid (i.e. having a sufficiently high mechanical impedance) to prevent it from vibrating

test shall be
es not exist,
bn to ensure
Ch is atypical.
Be source is

result of the
ansmitted to
hterposed, if

ible, between the noise source under test and the supporting. structure, so that the trapsmission of

unting base
excessively

and radiating sound. However, resilient mounts shall be uséd.only if the noise source under test|is resiliently
moupted in typical field installations.
Coupling conditions, e.g. between prime movers and-driven machines, can exert considerable finfluence on

the

sound radiation of the item under test. It may be appropriate to use a flexible coupling

but similar

congliderations apply to these as to resilient mounts.

Noisg sources that are hand held in normaliusage shall either be held by hand for the purpose df the test, or

suspended in such a way that no structure-borne sound is transmitted via any attachment that is not an

integral part of the source itself. If a noise source under test requires a support for its operation during testing,

the support structure shall be smalkand considered as part of the source itself. Sources normally mounted

throygh a window, wall or ceiling shall be mounted through a wall or ceiling of the test room.

6.5 | Operation of source during test

The pound power or.sound energy emitted by a source can be affected by the load applied, the rynning speed,

and [the conditions_‘under which it is operating. The source shall be tested, wherever possible, under

conditions that {are reproducible and representative of the noisiest operation in typical [usage. The

spedifications®given in a noise test code, if any exists, shall be followed, but in the absence of|a noise test

codg one or'more of the following modes of operation shall be selected for the test(s):

a) pource under specified load and conditions;

b) source under full load [if different from a)];

c) source under no load (idling);

d) source at maximum operating speed under defined conditions;

e) source operating under conditions corresponding to maximum sound generation representative of normal
use;

f)  source with simulated loading, under defined conditions;

g) source undergoing a characteristic work cycle under defined conditions.
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The source shall be stabilized in the desired operating condition, with any power source or transmission
system running at a stable temperature, prior to the start of measurements for sound power level or sound
energy level determination. The load, speed and operating conditions shall either be held constant during the
test, or varied through a defined cycle in a controlled manner.

If the sound power or sound energy emission depends on secondary operating parameters, e.g. the type of
material being processed or the design of cutting tool, those parameters shall be selected, as far as is
practicable, that give the smallest variations and that are typical of normal use. If simulated loading conditions
are used, they shall be chosen such that the sound power levels or sound energy levels of the source under
test are representative of normal use.

7 Measuyrement procedure

7.1 General

For determipation of either the sound power level of a noise source emitting stationary 'noise or the spund
energy levellof a source which emits bursts of noise, two sets of measurements of sound-pressure levels|shall
be made in fhe test room, first with the noise source under test operating and then- with the reference spund
source operpting. The specifications given in a noise test code, if one exists, shall be followed, but ip the
absence of a noise test code the procedures described hereafter shall be followed- for the test(s).

7.2 Location of noise source under test and reference sound source

For the first set of measurements, the noise source under test shall be-located in accordance with 6.3.

For the secd
in the same

nd set of measurements, the reference sound source shall be placed on the floor of the test
position as that occupied by the noise source under test during the first set of measurements,

foom

The noise s
reference sq
the latter.

7.3 Micrg

A minimum
shall be use

ource under test shall remain in the testroom when measurements are being made wit
und source, if its sound absorptivity (when not in operation) affects the sound pressure lev

phone positions

N for measurements with the noise source under test and the reference sound source. If ther

the
Is of

pof three microphone positions shall be used. The same microphone positions (and orientatjons)

P are

audible disci
followed.

ete tones in the sound emitted by the noise source under test, the procedure given in 7.4 shall be

If practicablg
distance, d,,
0,313, whe

, all microphone positions shall be in the reverberant sound field. This requires that the mini
in» in metrés, between the sound source and the nearest microphone position be not less
re 7 is the volume, in cubic metres, of the test room.

mum
than

No microphgnie-position shall be closer than 0,5 m to the ceiling or any wall of the test room. The microphone
positions shall'be at least a distance of A/Z from one another, where £ is the wavelength of sound at the mid-
band frequency of the lowest octave band in the frequency range of interest.

If the room is large enough, and the conditions for both d,,;, and the minimum distance to the ceiling and walls
are fulfilled, the number of microphone positions shall be five: one on each side of and one directly above the
reference box.

NOTE The use of a moving microphone traversing a path in the test room at constant speed is often more convenient
than the use of a number of microphones at fixed positions. The path can be a line, an arc, a circle or some other
geometric figure, provided the plane of the path is at least 10° out of parallel with any room surface. Such a sweeping
arrangement with a single microphone can be used if the rules for multiple, fixed microphones are complied with. The
minimum path length of the sweep is 5 m.

10 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=c8400b5a5eb51bcfab893e28afda4c50

ISO 3743-1:2010(E)

7.4 Preliminary measurements for sources emitting audible discrete tones or narrow bands
of noise

In order to make the preliminary measurements, to which reference is made in 6.3, to determine the number
of source locations to be used, a minimum of six fixed microphone positions complying with the requirements
given in 7.3 shall be employed The standard deviation, sy, of the preliminary sound pressure levels from the
noise source under test, L’ shall then be calculated as follows:

pi(pre)
112
NM(pre)
-1/2 , —2
SM :[NWpre)—ﬂ { Z [Lpzrpre)—Lp(pre)] } (7)
| J

wherne

VM (pre) is the initial number of microphone positions;

L;ji(pre) is the measured (uncorrected) time-averaged sound pressure (level at the ith|microphone
position, from the preliminary measurements with the noise sgurce under test in pperation, in
decibels;

_ 1 MMere)

Lptpre) =| v~ L pi(pre) 8)

M(pre) =1

Depé¢nding on the value of sy, for each frequency band of interest, the number of locations of the noise source
in the test room, Ng, to be used in the sound power level or sound energy level determinations{ shall be as
given in Table 2.

Table 2 — Required number of source locations

Standard deviation, Number of source locations
sw, dB Ng
sm <25 1
2,5 <syr<4,0 2 in the same room
s >4,0 2 in the same room, plus 2 more in another test room
with different dimensions, still complying with 4.4

7.5 | Measurement of sound pressure levels for a noise source which emits contintous
noise

e frequency
range-e pith the moving
microphone, and from t e reference sound source, L’ pi(RSS) - A surtable averagrng t|me for the reference
sound source is 30 s. If the sound output from the noise source under test is as stable as that of the reference
sound source, then a similar averaging time is satisfactory, but if it is less stable or undergoes periodic cycles,
a longer averaging time including one or more complete cycles is required. In the case of a moving
microphone, the averaging time shall include at least one full traverse of the microphone path.

In addition, either immediately before or immediately after the sound pressure levels from the noise source
under test are measured, the time-averaged sound pressure levels of the background noise for each octave
band, L), shall be obtained at each microphone position or with the traversing microphone, over the same
measurement time interval as that used for the noise source under test.
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7.6 Measurement of sound pressure levels for a noise source which emits bursts of noise

Single event time-integrated sound pressure levels from the noise source under test for each octave band
within the frequency range of interest, L’Ei(ST), shall be obtained at each microphone position or traverse, i
(i=1, 2 ... n), either for one single sound event at a time (in which case the process shall be repeated N times,
where N is at least five) or from several successive (N) sound events (where again N is a minimum of five).
The measurement time shall be long enough to contain all that part of the noise of the event(s), including the
decay, which make a significant contribution to the single event time-integrated sound pressure level. The
time-averaged sound pressure levels from the reference sound source, L;),-(RSS), shall also be measured,
with an averaging time of 30 s. A moving microphone shall not be used to measure non-repetitive impulsive
noise.

In addition, pither immediately before or immediately after the sound pressure levels from the noise‘sgurce
under test gre measured, the time-averaged octave-band sound pressure levels of the backgrounhd npise,
L) shall he obtained once at each microphone position or traverse, over a representative time interval.

8 Determination of sound power levels and sound energy levels
8.1 Determination of sound power level

8.1.1 Calcplation of measured time-averaged sound pressure levelsdor multiple source positiong
If more than one position of the noise source under test has been used (7.4), the measured time-averpged
sound presgure level in each octave band over the frequency range of interest and for each of the i

microphone | positions or microphone traverses, and averaged-oVer j source positions, L’;st), shal be
calculated uging Equation (9):

N ,
, 1 011[Lpi(ST)J.
Lipism[= 1019 N_SZ—11O /1 dB (9)
=

where
[L;),-(ST J ~is the measured (uncorrected) octave band time-averaged sound pressure level at the ith

/" microphone position_or for the ith microphone traverse and for the jth source position, with

the noise source under test in operation (ST), in decibels;

Ng is the numbegr/of source positions.
8.1.2 Calcpulation of-mean time-averaged sound pressure levels in the test room

The mean time-averaged sound pressure level in the test room with the noise source under test in operation,
and for each actave band, L’p(ST) , shall be calculated using Equation (10):

- 1 Q™ o
LysT) =101g N—Zm "EpiST) | dB (10)
M =1
where
L’yst) is the measured (uncorrected) octave band time-averaged sound pressure level at the ith
microphone position or for the ith microphone traverse, with the noise source under test in
operation, in decibels;

Ny is the number of microphone positions or individual microphone traverses.
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The mean time-averaged sound pressure level in the test room, for the reference sound source, and for each
octave band, L;(RSS) , shall be calculated using Equation (11):

— 1 QX o
L,rss) = 101g N—Zm P TPiRSS) | gB (11)
M =1

where
L;,,-(RSS) is the measured (uncorrected) octave band time-averaged sound pressure level of the

reference sound source measured at the jth microphone paosition or for the jth microphone
traverse, in decibels;

VM is the number of microphone positions or individual microphone traverses.

The mean time-averaged sound pressure level of the background noise in the test reom, for eachoctave band,

L gy » shall be calculated using Equation (12):

— 1 W o1
_ ’ i(B
L ,(B) =101Ig N_E 10 "PB) | dB (12)
M =1
where

.)i(B) is the octave band time-averaged sound pressure-level of the background noise (B) measured at
the ith microphone position or for the ith micrephone traverse, in decibels;

VM is the number of microphone positions of individual microphone traverses.

NOTE When a traverse over a single microphotie path is used, L'yst), L'yrss) @nd L ,g) are given directly by the
time-|and space-averaged levels obtained over that path.

8.1.3 Corrections for background noise

The packground noise correction, X, shall be calculated using Equation (13):

X, :-10|g(1—10‘°'1ALP)dB (13)
whelle
AL, =LpisT) ~ Lp(e)
n-which
L;,(ST) is the mean octave band time-averaged sound pressure level with the noise source under
test in operation, in decibels,
L ,@B) is the mean octave band time-averaged sound pressure level of the background noise, in
decibels.
If 6dB < AL, < 15dB, corrections shall be calculated in accordance with Equation (13) and corrections shall
be applied.

If ALp > 156dB, K is assumed to be zero, and no correction for background noise shall be applied.
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If AL < 6dB for one or more octave bands, the accuracy of the result(s) may be reduced and the value of K,
to be applied in the case of these bands is 1,3 dB (the value for AL = 6dB). The result may, however, be
reported and may be useful for determining an upper boundary to the sound power level of the noise source
under test. If such data are reported, it shall be clearly stated in the text of the report, as well as in graphs and
tables of results, that the data in such bands represent upper bounds to the sound power level and the
background noise requirements of this part of ISO 3743 have not been fulfilled.

NOTE Refer to 4.5 for the criterion for background noise and to determine whether the measurements meet the
requirements of this part of ISO 3743.

8.1.4 Calculation of sound power level

The sound power level of the noise source under test in each octave band, Ly, shall be calculated ||Jsing
Equation (14):

~

o~

Ly = Lyrss) — Lyrss) + LysT) + Kirss) — K1 (14)
where
Lyrss)| is the calibrated octave band sound power level of the reference sqund source, in decibels;

Kirss)| is the background noise correction for the reference sound selitce, in decibels, calculated @ising
Equation (13) with the substitution of L, rgs) for L’,(s7y4

K4 is the background noise correction, in decibels.

Reduced atinospheric pressure creates a bias in the sound power level. At altitudes greater than 500 m,
sound powgr levels, Ly e aim, corresponding to the reference static pressure 101,325 kPa and reference
atmospheric|temperature 23,0 °C shall be calculated in accordance with Annex A.

8.2 Determination of sound energy level

8.2.1 Calcplation of the mean of the measured single event time-integrated sound pressure levels for
multiple sotind emission events and for.multiple source positions

If N, single| event time-integrated_sound pressure levels have been measured one at a time at the ith
microphone |position or microphone-traverse and for the jth source position, the mean measured single g¢vent
time-integrated sound pressurenlevel in each octave band at that position, [L EI(ST)] shall be calculated
using Equation (15):

Ll
[Listy], =109 e2110 s | g (15)
q9=

where
[L’Ei’q(ST)] . is the measured (uncorrected) octave band single event time-integrated sound pressure
/" level at the ith microphone position or for the ith microphone traverse, for the jth source
position and for the gth event (¢ =1, 2 ... N,) of the noise source under test in operation, in
decibels;

is the number of measurements of single sound emission events.
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If one single event time-integrated sound pressure level has been measured at the ith microphone position or
traverse, and for the jth source position encompassing N, sound emission events, the mean measured single
event time-integrated sound pressure level in each octave band at that position for one event, [L’Ei(ST)J _
shall be calculated using Equation (16): /

(s ], = [Lungesm |, ~1019Ne 0B (16)

where

L,’Ei, Ve\STJ} : is the measured (lmr‘nrrnr‘fpd) actave band Qingln event ‘rimp-intpg ated sound
J pressure level at the ith microphone position or for the ith microphone ttayerse, for the

Jjth source position and encompassing N, successive sound emission events of the

noise source under test in operation, in decibels;

is the number of sound emission events encompassed by one_measuremeent of single
sound emission events.

If mgre than one position of the noise source under test has been used (7.4) the mean measured|single event
timetintegrated sound pressure level in each octave band over the frequency’range of interest, fof each of the
i migrophone positions or traverses, and averaged over j source positions, L’Ei(ST), shall be caldqulated using
Equation (17):

A Leist) ]

, 18,0
LiisT) = 1019 N—SZm /1 dB (17)
j=1

whetle
[L’Ei(ST)J ~is the mean measured (uncorrected) octave band single event time-integfated sound
pressure level at the ith microphone position or for the ith microphone travers¢ and for the
jth source position, with.the noise source under test in operation, in decibels;

Vg is the number of source positions.

8.2.1 Calculation of mean single event time-integrated sound pressure levels in the test room

The |[mean uncorrected. single event time-integrated sound pressure level in the test room with the noise
sourge under test in opération, and for each octave band, L’E(ST) , shall be calculated using Equafion (18):

N
Ly = 101 LZM‘JOO'”E(ST) dB (18)
E(ST) g N

i=1

whele

L’Ei(ST) is the mean measured (uncorrected) octave band single event time-integrated sound pressure
level at the ith microphone position or for the ith microphone traverse, with the noise source
under test in operation, in decibels;

Ny is the number of microphone positions or individual microphone traverses.

The mean uncorrected time-averaged sound pressure level in the test room, for the reference sound source
and for each octave band, L’,rss) , shall again be calculated from Equation (11).
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8.2.3 Corrections for background noise
The background noise correction, K, in each octave band shall be calculated in a similar manner to that of

8.1.3, using instead the difference between the mean measured single event time-integrated sound pressure
level and the background noise level:

Kq=-101g(1-107%"Le ) 4B (19)

where

ALE B ,r'/O‘r — L

in which
L_’E(ST) is the mean octave band single event time-integrated sound pressure level with the moise
source under test in operation, in decibels,

is the mean octave band time-averaged sound pressure level of the background noige, in
decibels.

~
=~
o3}

The integratjon time 7=, — ¢4 and other measurement parameters shall be the’same for the measuremgnt of
the single eyent time-integrated sound pressure level L7;st) and background noise level L)

8.2.4 Sound energy level

The sound g¢nergy level of the noise source under test in each'octave band, L;, shall be calculated {ising
Equation (2Q):

Ly =Llrss) — Lprss) + LesT) + KiRrss) — K1 (20)

Reduced atiospheric pressure creates a bias in-the sound energy level. At altitudes greater than 500 m,
sound energy levels, L am, correspondingcto-the reference static pressure 101,325 kPa and refenence
atmospheric|{temperature 23,0 °C shall be calcutated in accordance with Annex A.

8.3 A-wejghted sound power level and sound energy level

Calculation ¢f the A-weighted sound’power level or sound energy level of the noise source under test from the
measurements made in octave bands, shall be performed using the procedure given in Annex B.

9 Measyrement uncertainty

9.1 Methodology

The uncertainties of sound power levels, u(Ly), in decibels, and sound energy levels, u(L)), in decibels,
determined in accordance with this part of ISO 3743 are estimated by the total standard deviation, in decibels:

u(Ly)=u(L;) =070 21)

This total standard deviation is obtained using the modelling approach described in ISO/IEC Guide 98-3. This
requires a mathematical model which in case of lack of knowledge can be replaced by results from
measurements, including results from round robin tests.
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In this context this standard deviation is expressed by the standard deviation of reproducibility of the method,

Oro’

in decibels, and the standard deviation, o,

»me» iN decibels, describing the uncertainty due to t

of the operating and mounting conditions of the source under test in accordance with:

Equation (22) shows that variations of operating and mounting conditions expressed by

_ 2 2
Otot =\OR0 T Oome

o-OI'T]C

he instability

(22)

should be taken

into account before a measurement procedure with a certain grade of accuracy (characterized by o) is
selected for a specific machine family (see 9.5 and C.3).

NOT If different measurement procedures offered by the 1SO 3740 to ISO 3747 series are used, systematic
numaerical deviations (biases) may additionally occur.
Deriyed from g, the expanded uncertainty U, in decibels, shall be calculated from

U=k o (23)
The expanded uncertainty depends on the degree of confidence that is desired."For a normal distribution of

mea

sured values, there is 95 % confidence that the true value lies withinsthe range [Ly, — U]

tO [LW+ []]!

(or [4;— Ul to [L;+ U]). This corresponds to a coverage factor of k = 2.

If the purpose of determining the sound power level is to compare th€ result with a limit value, it fan be more
apprppriate to apply the coverage factor for a one-sided normal distribution. In that case, the coverage factor
k = 1],6 corresponds to a 95 % confidence level.

9.2 | Determination of o,

The [standard deviation o, [see Equation (C.1)l<which describes the uncertainty associated with the

insta
acco
mea
mea
level
level
corre
its o
Tom
fami
cond

NOTE

valug
mate
stron
presq

bility of the operating and mounting conditions”for the particular source under test shall b
unt when determining the measurementcuncertainty. It can be determined separately frg
surements carried out on the same source at the same location by the same persons, usi
suring instruments and the same measurement position(s). To determine o, ., repeated soy
5 are measured either at the ‘microphone position associated with the highest sou

L’,;sT), or measured and averaged over all measurement positions, L', sty . Measureme

perating conditions shall bereadjusted. For the individual sound source under test, o, is d
L . It is possible that arnoise test code provides a value of o, Which is representative for
y concerned. This &alte should take into account all possible variations of operating a
itions that are within'the scope of the noise test code.

E If the sound power has only a small variation with time and the measurement procedure is defin
of 0,5 dB fer(o,,,. can apply. In other cases, e.g. a large influence of the material flow into and out of t
fial flow_that'varies in an unpredictable manner, a value of 2 dB is appropriate. However, in extreme ¢
ply varying noise generated by the processed material (stone-breaking machines, metal-cutting 1
es.Operating under load) a value of 4 dB results.

e taken into
m repeated
g the same
nd pressure
nd pressure
nts are then

cted for background noise.for'each of these repeated measurements, the mounting of the machine and

bsignated as
the machine
hd mounting

ed properly, a
he machine or
ases such as
hachines and

9.3

9.3.1

Determination of op

General

The standard deviation opq includes all uncertainty due to conditions and situations allowed by this part of
ISO 3743 (different radiation characteristics of the source under test, different instrumentation, different
implementations of the measurement procedure), except that due to instability of the sound power of the
source under test. The latter is considered separately by o .
The values of opy given in Table 3 reflect current knowledge. They are typical upper bounds taking into
consideration the great variety of machines and equipment covered by this part of 1SO 3743.
Machinery-specific values may be derived from round robin tests (see 9.3.2) or by using the mathematical
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modelling approach (see 9.3.3). They should be given in noise test codes specific to machinery families
(see 9.2 and Annex C).

9.3.2 Round robin test

The round robin test for determining oy, shall be carried out in accordance with ISO 5725, where the sound
power level of the source under test is determined under reproducibility conditions, i.e. different persons
carrying out measurements at different testing locations with different measuring instruments. Such a test
provides the total standard deviation o relevant for the individual sound source which has been used for
the round robin test. Participating laboratories in round robin tests should cover all possible practical situations.

This total st
standard de

4 p—
ORo =

If 0’3o valusg
small range
this particulg
code specifi
declaring no

If no round 1
family of ma

For certain 4

different locations, e.g. if machines under test are usually installed under conditions with a small backgr

noise correg
delimited te
machines bdg

Values for ¢

The determi
Equation (24

exceed oot

9.3.3 Mod

Generally g

andard deviation oy, in decibels, of all results obtained with a round robin test include
iation o5me and allows o’ to be determined by using

2 ’2

’
Otot ~ Oomec

s obtained from many different pieces of machinery belonging to the same family deviate wit
only, their mean value can be regarded as typical for the application ofthis part of ISO 37
r family and used as opy. Whenever available, such a value shouldtbe given in the noise
C to the machine family concerned (together with o,,c) and used irxparticular for the purpo
se emission values.

obin test has been carried out, the existing knowledge aboutthé noise emission from a parti
Chines may be used to estimate realistic values of oyy.

pplications, the effort involved in a round robin test:can be reduced by omitting measuremen

tion K4, or if the noise emission of a machine is,rechecked at the same location. Results of
sts should be denoted by oy b, and this -designation should also be used for tests on
ing not movable in space.

ko,pL Can be expected to be lower than-those given in Table 3.

nation of oy using Equation (24) is imprecise if oy is only slightly higher than o,,.. In this
) gives a small value of .ope’but with a low accuracy. To limit this inaccuracy, o, shoul

/N2 .

blling approachfor oy

. u;, associated
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o, in decibgls, is dependent upon several partial uncertainty components, ¢

5 the

(24)

hin a
13 to

test
5e of

cular

Is for
ound
such
arge

tase,
i not

with

the different| measurement parameters such as uncertainties of instruments, environmental corrections) and
microphone [positiors. If these contributions are assumed to be uncorrelated, oy can be described by the
modeling approeach presented in ISO/IEC Guide 98-3, as follows:

O ro z\/(c1u1) +(02u2) +. +(cnun) (25)

In Equation (25) the uncertainty components due to the instability of the sound emission of the source are not

included. These components are covered by

O-OI'T]C'

in accordance with existing knowledge.

NOTE

Furthermore, the modelling approach requires detailed knowledge to determine the individual terms in Equation (25).

Annex C discusses each component of the uncertainty opq

If the uncertainty components in the modelling approach are correlated, Equation (25) does not apply.

By contrast, the estimation of o,y based on a round robin test does not require assumptions about possible
correlations between the individual terms of Equation (25). A round robin test is currently more realistic than
determining possible correlations between the single terms of Equation (25) and their dependencies on all
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other influencing parameters using the modelling approach. However, round robin tests are not always
possible and are often replaced by experience from earlier measurements.

9.4 Typical upper bound values of oy

Table 3 shows typical upper bound values of the standard deviation oy for accuracy grade 2 that may cover
most of the applications of this part of ISO 3743 (References [21][22]). In special cases or if certain
requirements of this part of ISO 3743 are not met for a machine family or if it is anticipated that actual values
of opg for a given family of machines are smaller than those given in Table 3, a round robin test is
recommended to obtain machine-specific values of oy.

Table 3 —Typical upper bound values of the standard deviation of reproducibility
of the method, o, for A-weighted sound power levels and sound energy
levels determined in accordance with this part of ISO 3743

Octave mid-band Standard deviation of
Frequency bandwidth frequency reproducibility; o,
Hz daB
125 3,0
250 2,0
Octave

400 to 5 000 1,5
8 000 2,5
A-weighted per Annex B 1,5

@  Applicable to noise sources which emit\sound with a relatively “flat” spectrum in the

frequency range from 125 Hz to 8 000 Hz.

9.5 | Total standard deviation o,,; and expanded uncertainty, U

The |total standard deviation and the expanded uncertainty shall be determined using Equatjon (22) and
Equation (23), respectively. For the purpose of this part of ISO 3743, a normal distribution is assumed. Thus a
coverage factor of k£ = 2 shall be_used corresponding to a coverage probability of 95 %. The coVerage factor
and goverage probability have\te be reported together with the expanded uncertainty.

EXAMPLE Accuracy\grade 2; o, =2,0dB; coverage factor k=2; measured L, =82dB. Mgchine-specific
detemminations of oy, have’/not been undertaken thus the value is taken from Table 3 (opy = 1,5 dB). Using Equations (23)
and (R2) it follows

U = 2x\y15°+22 dB = 5dB

Addifjonal examples of calculated values for oy, are given in C.3.

NOTE The expanded uncertainty as described in this part of ISO 3743 does not include the standard deviation of
production which is used in 1ISO 487118l for the purpose of making a noise declaration for batches of machines.

10 Information to be recorded

10.1 General

The information listed in 10.2 to 10.5, when applicable, shall be compiled and recorded for all measurements
made in accordance with this part of ISO 3743.
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10.2 Noise source under test
The following information shall be recorded:

a) a description of the noise source under test (including the manufacturer, type, technical data, dimensions,
serial number and year of manufacture);

b) a description of any treatment of auxiliary equipment for the purpose of the test;

c) the mode(s) of operation used for the test(s) and the relevant measurement time interval(s);

d) the instdllation and mounting conditions;
e) the location(s) of the noise source in the test room;

f)  the location(s) of the reference sound source in the test room.

10.3 Test foom

The following information shall be recorded:

a) a descr|ption of the test room, showing the nature of the building, the €onstruction and any treatmgnt of
the walls, floor and ceiling, and a sketch showing the location of the _nhoise source under test and any

other cgntents of the room;

b) a descr|ption of the suitability of the room for the purpose of-the test in accordance with 4.4 (giving the
maximum differences between sound pressure levels using.the directional sound source);

c) the air femperature in degrees Celsius, the relative humidity expressed as a percentage, and the $tatic
pressureg, in kilopascals, near the noise source at thetime of test.

10.4 Instrumentation
The following information shall be recorded:
a) the equlpment used for the measurements, including the name, type, serial number and manufacturey;

b) the datg and place of calibration; the methods used to calibrate the sound calibrator and the reference
sound spurce, and to verify the calibration of the instrumentation system, in accordance with 5.2;

c) the caliprated sound power levels of the reference sound source in the various positions used.

10.5 Acoustical data

The following information shall be recorded:

a) the dimensions of the reference box;

b) the microphone positions or path(s) used for the measurements (with a sketch if necessary) and a
description of how the microphone is traversed;

c) the locations used for the reference sound source.
For each mode of operation under which the noise source was tested:
d) remarks on the subjective impression of the noise emitted by the source under test from aural

examinations (directivity, discrete tones or components in narrow bands of frequency, temporal
characteristics, etc.);
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e) the time-averaged or single event time-integrated sound pressure levels of the noise source under test
measured at each microphone position or over the path of the moving microphone, in octave bands;

f) the sound pressure levels of the background noise measured at each microphone position or over the
path of the moving microphone, in octave bands;

g) the sound power levels or sound energy levels in decibels, in octave bands and A-weighted (if
appropriate), rounded to the nearest 0,1 dB, optionally including a graphical representation;

NOTE ISO 9296["3] requires that the declared A-weighted sound power levels, Ly, of computers
equipment are expressed in bels, using the identity 1 B = 10 dB.

h)

11

Only
repo
body
in fu
have
sma
of IS
requ
case

Coverage probability;

he date and time when the measurements were performed.

Test report
ted. The report shall also contain any statements required to be reported by certain clauseg

I conformity with the requirements of this part of ISO 3743,/the report shall state this fact.
not been obtained in full conformity, the report shall not.state or imply that they have beer

, the term “full conformity” shall not be stated or-implied.

and business

he expanded uncertainty of the results, in decibels, together with the associated coverage factor and

those recorded data (see Clause 10) which are required for the purpose of the measuremeénts shall be

in the main

of this part of ISO 3743. If the reported sound power levels ar'sound energy levels have bg¢en obtained

If the levels
.Ifone or a

| number of identifiable discrepancies exist between the\reported levels and the requirements of this part
O 3743, then the report may state that the measureménts have been conducted “in conformity with the
rements of this part of ISO 3743, except for...” and the discrepancies shall be clearly identified. In this
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Annex A
(normative)

Sound power level and sound energy level under reference

meteorological conditions

The sound power level under reference meteorological conditions of static pressure 101,325 kPa and

atmospheric

4 " . nNo g L [T 1 [ | : - ' LA—AN
WITPCIalllic 2co,U L, LWref atm? <hHdilh T LalLuUldicU usinyg Yudturt (A T).
3

LWref,atn =Ly +Cy A1)

where

Ly, is the sound power level, in decibels, under the meteorological conditions which“occurred at the|time
and place of the test, from Equation (14);

C, s the radiation impedance correction, in decibels, to change the actuaksound power relevant fgr the
meleorological conditions at the time and place of the measurement into the sound power ynder
refgrence meteorological conditions, the value shall be obtained.-from the appropriate noise test code,
but|in the absence of a noise test code, the following equation is. valid for a monopole source, and is
a mean value for other sources (see References [24][25]):

Cyl=-101g-25 dB + 151g [M] dB
Ps, 0 04
in which
Ps is the static pressure, in kilopascals, at the time and place of the test,
Ds, 0 is the reference static.pressure, 101,325 kPa,
o is the air temperature, in degrees Celsius, at the time and place of the test,
6, =296 K.
The air temperature, 6, «may be estimated, and the atmospheric pressure, pg, can be calculated yising
Equation (A2):
b

ps:P>,O(1—aHa) A.2)

where

H, is the altitude, in metres, of the test site;

a =22560x10"5m";

b =5,2553.
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The sound energy level under reference meteorological conditions of static pressure 101,325 kPa and
atmospheric temperature 23,0 °C, L ;¢ otm, Shall be calculated using Equation (A.3):

L jrefatm =L +C2 (A.3)

where

L; isthe sound energy level, in decibels, under the meteorological conditions which occurred at the time
and place of the test, from Equation (20);

5> See Equation (A 1)

If the sound power level or the sound energy level is calculated under reference meteoralogicgl conditions,
this fact shall be stated in the test report.
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Annex B
(normative)

Calculation of A-weighted sound power levels and A-weighted sound

energy levels from octave band levels

B.1 A-we

The A-weigh

Ly =

where

Ly
k C,

k,

min’

k

m

B.2 A-we

The A-weigh

where

ghted sound power levels

ted sound power level, Ly, shall be calculated from Equation (B.1):

kmax
10lg Y 10%1m+Ch) gp
k=kpmin

is the sound power level in the kth octave band, in decibels;
are given in Table B.1;

are the values of k& corresponding, respectively,do the lowest and highest octave ban
measurement.

AX

ghted sound energy levels
ted sound energy level, L 5, shall be calculated from Equation (B.2):

kmax
0lg > 10"Ex+C) gg
k=kmin

is the sound-energy level in the ith octave band, in decibels;
are-given in Table B.1;

are the values of & corresponding, respectively, to the lowest and highest octave ban
measurement.

RX

B.1)

s of

B.2)

s of

24
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For calculations with octave-band data, values of k and C; are given in Table B.1.

Table B.1 — Values of k and C; for mid-band frequencies of octave bands

Octave mid-band frequency Cr

g Hz dB

1 63 =262

2 125 -16,1

3 250 -8,6

4 500 -342

5 1000 00

6 2000 1,2

7 4 000 1,0

8 8 000 -1,1
@  This value of C, is given for use only where the test foom and instrumentation are
satisfactory for use at the frequency concerned.
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Annex C
(informative)

Guidelines on the development of information
on measurement uncertainty

C.1 Genefral
The accepted format for the expression of uncertainties generally associated with methods of measuremegnt is
that given in ISO/IEC Guide 98-3. This format incorporates a budget of uncertainty components, -in whi¢h all
the various $ources of uncertainty are identified and from which the combined total measuremént uncertainty
can be obtaiped.
To determing the noise emission of machines and equipment, it is advisable to split up its total uncertainty into
two different{groups of uncertainty components:
a) those that are intrinsic to the measurement procedure;
b) those that result from the instability of the sound emission of the machine.
Based on gurrent knowledge, this annex provides additional  explanations and information by which
ISO/IEC Guide 98-3 could be applied in practice for this part of IS©-3743.
This annex gomplements Clause 9.
C.2 Consjiderations on the total standard-deviation c;;
The measurement uncertainty used in this part of ISO 3743 is determined by the expanded uncertainty U,
which is dgrived directly from the total.standard deviation oy, [see Equation (23)] with o, being the
approximatign of the relevant u(L ;) as defined in ISO/IEC Guide 98-3.
This total standard deviation, oy, results from the two components oy and o, [see Equation (22)], which
are significaptly different in nature.
Both quantities are assumed-to be statistically independent and are determined separately.
The machingry specific/standard deviation o, cannot be calculated and has to be determined by repgated
measurements asdescribed in C.3. Information on the standard deviation oy is given in C.4.
C.3 Considerations on oy
The standard deviation o, described in 9.2, is calculated by
1 I 2
Gome = —Z(Lp,j _Lpav) dB (C.1)
N -1 pu

where

L, is the sound pressure level measured at a prescribed position and corrected for background

26

noise for the jth repetition of the prescribed operating and mounting conditions;
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L

pav is its arithmetic mean level calculated for all these repetitions.

These measurements are carried out at the microphone position associated with the highest sound pressure
level. When measurements are averaged over all measurement positions, L, and L,q are replaced in
Equation (C.1) by L,; and L, , respectively.

In general, the mounting and operating conditions to be used for noise emission measurements are
prescribed by machinery specific noise test codes. Otherwise, these conditions shall be defined precisely and
described in the test report.

Some recommendations for defining these conditions and consequences for the expected values of o, are
giveff In the Tollowing.

The [test conditions shall represent normal usage and conform to manufacturers' and users' rgcommended
practice. However, even in normal usage, slightly different modes of operation, variations ‘iYmatefial flow, and
othel conditions varying between different phases of operation may occur. This uncertainty covers both the
uncdrtainty due to variation in long-term operating conditions (e.g. from day to day)»and fluctuations of noise
emission measurements repeated immediately after readjusting mounting and operating conditionp.

Machines that stand exclusively on soft springs or on heavy concrete floors-do not normally exhibit any effect
of mpunting. However, there can be large discrepancies between medsurements on heavy copcrete floors
and those made in situ. The uncertainty due to mounting can be highest for machinery that is ¢onnected to
auxiliary equipment. Hand-held machines may also cause problems: This parameter should be investigated if
movément of the machine or mounts causes changes in noise. If there is a range of possiile mounting
conditions to be included in a single declaration, then o, is\estimated from the standard deviation of the
sounld levels for these mounting conditions. If there is any:known effect due to mounting, recommended
moupting conditions should be documented in the relevaft noise test code or manufacturers' recommended
practice.

With[respect to the main uncertainty quantity, oy, \Investigations on o, have a higher priority compared to
those on the other uncertainty components leading to oy [see Equation (22)]. This is because ¢, may be
significantly larger in practice than e.g. o, (1,5 dB for accuracy grade 2 measurements as given|in Table 3.

If oot > Oro. the application of measutement procedures with a high accuracy, i.e. a low value gf oy, makes
no s¢nse economically because this is.not going to result in a lower value of the total uncertainty.

Table C.1 — Examples_of calculated total standard deviations o, for three different ¢ases

Operating and mounting conditions
e stable unstable very unstable
Standard deyiation of
reproducibility of the method, Standard deviation, oy, dB
OR0} dB
0,5 2 4
Total standard deviation, oy, dB
85
(Accuracy grade 1) 0.7 2.1 4.0
1,5
(Accuracy grade 2) 16 2.5 43
3 3,0 3,6 5,0
(Accuracy grade 3) ’ ’ ’

These examples show that it may be superfluous to extend the measuring effort to ensure a measurement of
accuracy grade 1 if the uncertainty associated with the mounting and operating conditions is large.
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, Situations where o,

me > Opg May create substantial misunderstandings with respect to the

true

relevant total standard deviation oy, because the different grades of accuracy of this part of ISO 3743 are

currently def

C.4 Cons

ined by the value of oy only.

iderations on oy

C.4.1 General

Upper bound values of oy are given in Table 3. Additionally in 9.3, the investigation of values of o, that are

relevant to individual-machines-ormachine-families-in-orderto-achieve-more-realisticvalues-is-recomme.

ded.

These inves
in ISO 5725
more detaile

If certain uf
delimited de
and for the n

The budget
existence o
measureme

However, rejevant well-founded data for this part of ISO 3743 were not-available at the time of publica
Nonethelesq, the following information may give a rough outline of\the relevant quantities without
definitive.

C.4.2 Contributions to the uncertainty oy

C.4.21 General

Preliminary |estimations show that when corrected-for meteorological conditions, the sound power

Liyres atms I8 @ function of a number of parameters..indicated by Equation (C.2):

LWref,atm =

%

where

o)

method

tigations shall be carried out either by measurements under reproducibility conditions as de
or by calculations using the so-called modelling approach based on Equation (25) which, req
d information.

certainty components are not relevant for specific applications or are difficulD to investi
finitions of oy should be given by noise test codes both for round robin tests\(see Note to ¢
nodelling approach analogously.

approach, however, implies both statistically independent components’c;, «; and especiall
equations which allow assessment of these uncertainty components by considering 4

Pmethod + Some + Liwrss) =EpRrss) + LpsT) + K1rss) = K1+ C2 + dgim(rss) + Somc(RSS)
hic(RSS) T Oa(RsS) T OH(RSS) + FARSS) + Omethod(RSS) + Isim + Omic + 09 + Oy

is an input quantity to allow for any uncertainty due to the measure
method applied including the derivation of results and associated uncerta
in decibels;

fined
uires

gate,
.3.2)

y the
ither

nt parameters and environmental conditions or a reasonably large body of practical experignce.

tion.
eing

evel,

(C.2)

ment
nties,

ting

omc

Ly rss)

Ly(rss)

LpsT)
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is an input quantity to allow for any uncertainty due to operating and mou

conditions, in decibels — this quantity is not included in the calculation of o g

[see Equation (22)];

is the calibrated octave band sound power level of the reference sound source,

in decibels;

sound source, in decibels;

is the mean octave band time-averaged sound pressure level of the reference

is the mean octave band time-averaged sound pressure level of the noise

source under test, in decibels;
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Ki(rss) is the background noise correction for the reference sound source, in decibels;
K, is the background noise correction, in decibels;
C is the radiation impedance correction, in decibels, to change the actual sound

power relevant for the meteorological conditions at the time and place of the
measurement into the sound power under reference meteorological conditions,
the value shall be obtained from the appropriate noise test code, but in the
absence of a noise test code, the following equation is valid for a monopole
source, and is a mean value for other sources (see References [24][25]):

CZ=—10|g&dB+15|g£

273,15 +¢9J 4B
Ps,0

1

Osim is an input quantity to allow for any uncertainty*in thel measuring
instrumentation, in decibels;

Ormic is an input quantity to allow for any uncertainty due to the finite number of
microphone and source positions, in decibels;

0p is an input quantity to allow for any uncertainty due to fluctuations in air
temperature in the reverberation testsroom, in decibels;

Orr is an input quantity to allow for ‘any uncertainty due to fluctugtions in the

relative humidity in the reverberation test room, in decibels;
Fsim(rss) 10 Smethod(Rss) are the above input quantities evaluated for the reference sound spurce.
NOTE 1 A similar expression to that of Equation (C.2)\applies to sound energy levels.

NOTE 2  Similar expressions to that of Equation (€.2) apply with respect to sound power levels determined in frequency
bandp and with A-weighting applied.

NOTE 3  The quantities included in Equation (C.2) to allow for uncertainties are those thought to be applicable at the
state|of knowledge current at the time_of publication of this part of ISO 3743, but further research could reyeal that there
are ofhers.

A probability distribution (normal, rectangular, Student's ¢, etc.) is associated with each of the inpyt quantities.
Its expectation (mean valde) is the best estimate for the value of the input quantity and its standard deviation
is a measure of the dispersion of values, termed uncertainty.

The Juncertainty;components related to mounting and operating conditions are already covefed by oy
whefleas opg.ihcludes the rest of the uncertainty components.

Table C2 provides some information about current expectations concerning the values for the components, c;,

t 4 4 1 ot N/ \2
dal diT TicLtoodly U Laibulalc URO - \/ : \(’l MZ) up.
i

u;,

The calculation of o, assumes that the individual uncertainty contributions are not correlated.

The standard uncertainties from some contributions remain to be established by research
Explanation and numerical example for the uncertainty parameters in Table C.2 are given in C.4.2.2 to C.4.2.9.

Formulae to calculate uncertainties are given with examples to show the expected range of measurement
uncertainties.
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