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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
ical standardization.
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t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

ination on the voluntary nature of standards, the meaning of ISO specific term

Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the foll
o.org/iso/foreword.html.
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— Clause 7

main changes compared to the previous edition are as follows:

|7, ISO 3744, etc.

tion of new 3.3 corresponding to new Clause 9.

4.6, the microphone calibration procedures were amended to be consistent with th
strial eounterpart, ECMA-74.
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br the
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Hrawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Det
ights identified during the development of the document will be in the Introduction a
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ind /or

S not

s and

related to conformity assessment, as well as information about ISO's adherence o the

bwing

nt was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

dition cancels and replaces the third edition (ISO 7779:2010), which has been technjically

htes of many items in 3.1 and 3.2 to be consistent with basic standards, such as I§O/TR

bse of

— In 7.3 (Z.3.1), the procedure for test environment qualification was amended to clarify that
any frequency bands, typically low in frequency, not significantly affecting A-weighted sound
power level need not meet the hemi-anechoic room qualification criteria for the purposes of

dete

Vi

rmining A-weighted sound power level.
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— In 7.4.6, the microphone calibration procedures were amended to be consistent with those of

industrial counterpart, ECMA-74.

Clause 8:

— In 8.6, new 8.6.1 was inserted to clarify the method of defining operator position and bystander

positions.
Clause 9:

Clause 9 was newly inserted.
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and 8.2 respectively) were amended.

>

nnex B:

B.2.2 and B.2.3 were amended to clarify the section of size and microphone pos
cylindrical measurement surface, respectively.

>

nnex D:

In D.1, D.8, D.9.5, D.10.3 and D.10.4, descriptions were amended to clarify that Ann
to use FFT data below 89,1 Hz and above 11 200 HZ\to calculate tone-to-noi
prominence ratio.

In D.9.7 and D.10.7, notes were added to mention*that new metrics for detectin

0=

nnex E:

The measurement method stated in-Annex E became out of date and was remd
annex structure is still maintained fer the possible development of a new metho
the annex was amended accordingly).

tedback or questions on this document should be directed to the user’s national stang
ete listing of these bodies can‘be found at www.iso.org/members.html.

itions on the

ex D permits
se ratio and

g prominent

discrete tone, (1) total tone-to-noise ratio and (2)total prominence ratio are under ¢dlevelopment.

ved. But the
] (the title of

lards body. A
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Introduction

This document specifies methods for the measurement of airborne noise emitted by information
technology and telecommunications (ITT) equipment. Hitherto, a wide variety of methods have been
applied by individual manufacturers and users to satisfy particular equipment or application needs.
These diverse practices have, in many cases, made comparison of noise emission difficult. This
document simplifies such comparisons and is the basis for the declaration of the noise emission levels
of ITT equipment.

In order to ensure accuracy, validity and acceptability, this document is based on the basic International

Standards fi

r determination of the sound power level and for determination of the emission

ound

pressure lev
simplified by

In many cas
These room
contributing

and for obtaining sound power levels for noise emission declaration purposes.

The method
(based on IS
emission ded

those for sound power determination in a free field over a reflecting plane.

For compari
operation be

This documg

el at the operator position and bystander positions. Furthermore, implementat
conformity with these International Standards.

es, free-field conditions over a reflecting plane are realised by hemi-anechoic r
can be particularly useful during product design to locate and to improve indiy
noise sources. Reverberation test rooms can be more economical for production c

for measuring the emission sound pressure level at the operater or bystander pos
D 11201) is specified in a separate clause, as this level is not eonsidered to be primaryj
laration information. The measurements can, however, be.carried out in conjunctior

son of similar equipment, it is essential that the “inistallation conditions and ma

nt is based on ECMA-74.

on is

homs.
ridual
bntrol

itions
noise
with

de of

the same. In Annex C, these parameters are standardized for many categories of equipment.

viii
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Acoustics — Measurement of airborne noise emitted
by information technology and telecommunications

equipment

1 Scope

This flocument specifies procedures for measuring and reporting the noise emissionof information
technplogy and telecommunications equipment.

NOTE[1  This document is considered part of a noise test code (see 3.1.2) for this type.'6f equipment and is
based|on basic noise emission standards (see 3.1.1) ISO 3741, ISO 3744, ISO 3745, 1SO 9295 and 1S0|11201.

The b

asic emission quantity is the A-weighted sound power level, which~can be used fc

equipment of the same type but from different manufacturers, or for comparing different

Thred

basic noise emission standards for determination of the sound power levels are sp4d

document in order to avoid undue restriction on existing facilities and experience. ISO 3

comp
in an
canb
levels

The A
deter
ISO 1
it can
heari

Meth
speci

This
labor

hrison measurements in a reverberation test room; ISO 3744 and ISO 3745 specify m
essentially free field over a reflecting plane. Any of these three basic noise emissi
e selected and used exclusively in accordance with this’'document when determining
of a machine.

-weighted sound power level is supplementediby the A-weighted emission sound p|
ined at the operator position or the bystander positions, based on basic noise emiss
1 201. This sound pressure level is not a level of noise immission at a work station (se
assist in identifying any potential problems that could cause annoyance, activity in
hg damage to operators and bystanders.

ds for determination of whether the noise emission includes prominent discre
ied in Annex D.

document is suitable for type tests and provides methods for manufacturers
htories to obtain coniparable results.

The npethods specifiedin this document allow the determination of noise emission levels fo

unit (|

see 3.1.4) tested/individually.

The
cont

The s

ocedure€s'apply to equipment which emits broad-band noise, narrow-band noise and

I;E‘ns diserete-frequency components, or impulsive noise.

ound power and emission sound pressure levels obtained can serve noise emissio

Fa¥aVaWalislhY

r comparing
bquipment.

cified in this
741 specifies
pasurements

n standards
sound power

ressure level
ion standard
e 3.2.12), but
terference or

te tones are

and testing

- a functional

noise which

1|1 declaration

and c

NOTE

. L
brparisom purposes {seetS0-9296t=13:

2 Thesound power levels and emission sound pressure levels obtained are notintended to

be considered

as installation noise immission levels; however, they can be used for installation planning (see ECMA TR/27[11]).

If sound power levels obtained are determined for a number of functional units of the same production
series, they can be used to determine a statistical value for that production series (see ISO 9296[3]).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.
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ISO 3741, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for reverberation test rooms

ISO 3744, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 3745, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for anechoic rooms and hemi-anechoic rooms

ISO 6926, Acoustics — Requirements for the performance and calibration of reference sound sources used
for the determination of sound power levels

ISO 9295, Ad
equipment

oustics — Determination of high-frequency sound power levels emilted Dy machiner

ISO 11201, Acoustics — Noise emitted by machinery and equipment — Determination of emission

pressure leve
plane with nq

s at a work station and at other specified positions in an essentially free field over a refl
gligible environmental corrections

[SO 11203, Acoustics — Noise emitted by machinery and equipment — Determination of emission

pressure leve
IEC 60942, E|
IEC 61183, E
IEC 61260-1,
IEC 61672-1,
ECMA-741), |
equipment

3 Terms

For the purg
following ap]

s at a work station and at other specified positions from the sound.power level
jectroacoustics — Sound calibrators

ectroacoustics — Random-incidence and diffuse-field calibfation of sound level meters
Electroacoustics — Octave-band and fractional-octaye-band filters — Part 1: Specifica
Electroacoustics — Sound level meters — Part 1; Specifications

leasurement of airborne noise emitted by_information technology and telecommunic

and definitions

oses of this document, thestéerms and definitions given in ISO 3744, ISO 11201 ar
bly.

[SO and [EC paintain terminological databases for use in standardization at the following addres

ISO Onli

IEC Elec

3.1 Gener

he browsing platform: available at https://www.iso.org/obp

ropedia: available at http://www.electropedia.org/

al definitions

3.11

y and

sound
pcting

sound

ions

itions

d the

bES:

basic noise emission standard
B-type standard

standard which specifies a procedure for determining the noise emission of machinery and equipment
in such a way as to obtain reliable, reproducible results with a specified degree of accuracy

[SOURCE: ISO 12001:1996, 3.1]

1) Available [viewed 2017-04-07] at: http://www.ecma-international.org/publications/files/ECMA-ST/ECMA-74

.pdf

2
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3.1.2
noise test code
C-type standard

standard that is applicable to a particular class, family or type of machinery or equipment which
specifies all the information necessary to carry out efficiently the determination, declaration and

verification of the noise emission characteristics under standardized conditions

Note 1 to entry: This document, together with ISO 9296[3], comprises the noise test codes for ITT e
[SOURCE: ISO 12001:1996, 3.2, modified — Note 1 to entry was added.]

3.1.3

quipment.

information technology and telecommunications equipment

ITT e)quipment

equipment for information processing, and components thereof, used in homgs, of
installations, telecommunications installations or similar environments

3.1.4

functional unit

unit ¢f information technology and telecommunications equipment, €ither with or wit
end-use enclosure, that is tested or intended to be tested in accordance with the proce
document

fices, server

hout its own
dures of this

Note 1 to entry: A functional unit can comprise more than one unitof ITT equipment when such ynits are to be

tested together in accordance with the methods of this document. A functional unit can also co

mprise one or

more Qinits of ITT equipment coupled to one or more units of n6n<ITT equipment, such as power modules, water

pumps, or refrigeration units, when such equipment is necessary for the normal operation of the I']

Note 2 to entry: Functional units of ITT equipment canitake on a wide range of forms, including

availaple products, prototype units under developmentor sub-assemblies and components thereof.

3.1.5

work|station

operator position

position in the vicinity of the equipment under test which is intended for the operator

Note 1 to entry: This term does nat refer to a computer “workstation”, which denotes a high-perfor
user cpmputer.

3.1.6
operating mode
condition in which-the equipment being tested is performing its intended function(s)

3.1.7
idle mode
one dr more steady-state conditions in which the equipment being tested is energize

T equipment.

commercially

mance, single-

d but is not

opergting

3.1.8
floor-standing equipment
functional unit which is intended to be installed on the floor

3.19
table-top equipment

functional unit which has a complete enclosure and which is intended to be installed or used on a table,

desk or separate stand

3.1.10
wall-mounted equipment

functional unit which is normally mounted against or in a wall and which does not have a stand of its own

© ISO 2018 - All rights reserved
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3.1.11

sub-assembly

functional unit, generally without its own end-use enclosure, intended to be installed in another unit of
ITT equipment or assembled together with other sub-assemblies or units of ITT equipment into a single
end-use enclosure

3.1.12

rack-mountable unit

functional unit that is designed to be installed in an end-use enclosure in the form of a rack, frame, or
cabinet, either fully enclosed, partially enclosed, or open frame

3.1.13
rack-enclos¢d system
functional umpit in the form of a rack, frame, or cabinet containing one or more rack-mountabte units

Note 1 to entrly: Rack-enclosed systems represent a wide variety of ITT equipment, depending,dnythe particular
configurationfof the rack-mountable units in the rack or enclosure. These can be server systenis, storage syftems,
I/0 systems, rletworking systems or “integrated” systems of these or other types of rack-mountable units.

3.1.14
hand-held equipment
functional upit, generally small and lightweight, intended to be supperted in one’s hand(s) during
operation

3.1.15
standard tept table
rigid table hgving a top surface of at least 0,5 m2 and length of-the top plane not less than 700 mm

Note 1 to entrfy: The design for the standard test table is showniir A.1.

3.2 Acoustical definitions

3.21
emission
noise emissjon

airborne soujnd radiated by a well-defined noise source (e.g. the equipment under test)

Note 1 to enffry: Noise emission descriptors can be incorporated into a product declaration and/or product
specification. [The basic noise emissien’descriptors are the sound power level of the source itself and the enjission
sound pressufe levels at an operator position (work station) and/or at bystander positions (if no operator
position is deflined) in the vicinity of the source.

3.2.2
sound presqure

p
difference bgtween instantaneous total pressure and static pressure

Note 1 to entry: Sound pressure is expressed in pascals.

Note 2 to entry: The symbol p for instantaneous sound pressure is often used without modification to represent
aroot-mean-square (RMS) sound pressure.

Note 3 to entry: See ISO 80000-8.

4 © ISO 2018 - All rights reserved
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3.2.3
sound pressure level

Lp

79:2018(E)

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the square

ofar

eference value, pg, expressed in decibels

2

L =101 P dB
p g

Py

where the reference value, pg, is 20 pPa

[SOU

3.24
time4averaged sound pressure level

Lp'T

ten times the logarithm to the base 10 of the ratio of the time average ofithe square
presspure, p, during a stated time interval of duration, T (starting at t; and(ending at t), to
arefefrence value, po, expressed in decibels

_ 1 : _
2
— t)dt
7P (t)
= al dB
LD,T =101g —
Py
where the refere;lce value, po, i_s 20 pPa

Note ] to entry: Because of practical limitatiohs-of the measuring instruments, p? is always unders

RCE: ISO/TR 25417:2007, 2.2, modified — Notes to entry were removed.]

pf the sound
the square of

ood to denote

the sqpare of a frequency-weighted and frequency-band-limited sound pressure. If a specific frequency weighting

as specified in [EC 61672-1 and/or specificfrequency bands are applied, this should be indicated |

subsc

Note 7 to entry: Ly, 7 can be interpreted as the sound pressure level of a stable and permanent noise
the sane average energy as the heise under study.

3.2.5
emis
Lp

sound pressure lével at a specified position near a machine, when the machine is in ope

speci

backg
for thr purpose of the test

ipts; e.g. Lp A 10 s denotes the A<weighted time-averaged sound pressure level over 10 s.

sion sound pressure level

ied operating and mounting conditions on a reflecting plane surface, but excluding

y appropriate

that will have

ration under
the effects of

roun¢roise as well as the effect of reflections other than those from the plane or planes permitted

Note 1 to entry: The emission sound pressure level is expressed in decibels with a reference value, pg, of 20 uPa

(20 x

10-6 Pa).

Note 2 to entry: Clause 8 specifies the method for determination of emission sound pressure level.

[SOURCE: IS0 11205:2003, 3.6, modified — Note 1 to entry was elaborated and Note 2 to entry was added.]
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3.2.6

018(E)

time-averaged emission sound pressure level

Lpeqr

emission sound pressure level of a continuous steady sound that, within a measurement time interval,
T, has the same mean-square sound pressure as a sound under consideration which varies with time

LpeqT = 1

T
2
OP

J

(t)dt
olg| 20— dB
Po

Note 1 to entry: The time-averaged emission sound pressure level is expressed in decibels with a reference value,

po, of 20 pPa (|

Note 2 to ent
noise test cod

Note 3 to en
A-weighted erf

Note 4 to entr
levels are nec

3.2.7
C-weighted

LpC,peak
highest inst
operational (

Note 1 to ent
value, po, of 2

3.2.8

sound powe
P

through a su
point on the

Note 1 to entr]
Note 2 to entry

Note 3 to ent
a source.

[SOURCE: IS

3.29
sound pow
Lw

LU X 1U"° Fa).

'y: The emission sound pressure level is determined at the specified position(s) reqaired
b (i.e. this document, for specific families of ITT equipment).

fry: Clause 8 of this document specifies the method for the determinatiof| of time-avg
hission sound pressure level, Lya, for ITT equipment defined in 3.1.3.

y: In general, the subscripts “eq” and “T” are omitted since time-averaged’@mission sound pr
pssarily determined over a certain measurement time interval.

peak emission sound pressure level

intaneous value of the C-weighted emission soundipressure level determined oy
ycle

y: The C-weighted peak emission sound pressurelevel is expressed in decibels with a ref

uPa (20 x 10-6 Pa).

I

Irface, product of the sound pressure, p, and the component of the particle velocity, u
burface in the direction norimal to the surface, integrated over that surface

y: Sound power is expressed in watts.
r: The symbol, P, is oftén used without modification for the mean value (over time) of the sound

y: The quantity.relates to the rate per unit time at which airborne sound energy is radia

D/ TR 25417:2007, 2.8]

by the

raged

pssure

er an

prence

h, ata

pOWer.

ted by

]n"nl
eV

ST

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

P
Ly =101g—dB
w gP

where the re

0

ference value, Py, is 1 pW

Note 1 to entry: If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are
applied, this is indicated by appropriate subscripts; e.g. Lyya denotes the A-weighted sound power level.

Note 2 to entry: Clauses 6 and 7 of this document specify the method for the determination of the A-weighted
sound power level, Lya, for ITT equipment (3.1.3).
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[SOURCE: ISO/TR 25417:2007, 2.9, modified — Note 2 to entry was added.]

3.2.10

refe

rence sound source

device which is intended for use as a stable source of sound and has a known broad-band sound power
spectrum determined in full conformance with ISO 6926 over the frequency range of interest.

3.2.11
frequency range of interest
range of one-third-octave bands with centre frequencies from 100 Hz to 10 000 Hz inclusive

Note 1 to entry: For equipment which emits discrete tone(s) in the 16 kHz octave band, the procedures specified

in ISO

3.21
noise

any

point
other

[SOURCE: ISO 11690-1:1996, 3.3.1, modified — Note 1 to entry and the reference to Fig
deletg

3.3

3.3.1
stand

Or
stan

repedted application of the same noise emissionr-measurement method on the same noise g
a shot

[SOURCE: ISO 7574-1:1985, 3.16]

3.3.2
stang

ORO
stan

repe

at d

appar

Note
repe

Note

prefent

prov

9295 are used; see Table 4.

D

immission at a work station
bise that arrives, whether or not a worker is present, over a specific time,period 7, at
(work station) in the actual situation; i.e. noise coming from the machihe; noise comn
sound sources and noise reflected by the ceiling, the walls and any fittings

n

d]

Statistical definitions

ard deviation of repeatability
dard deviation of noise emission values obtained under repeatability conditions

t interval of time under the same conditions (same laboratory, same operator, same

ard deviation of reproducibility

d

ard deviation of noise emission values obtained under reproducibility condition;
?Fed application oftthe same noise emission measurement method on the same
ifferent times and-inder different conditions (different laboratory, different opera
atus).

I to entry:‘The standard deviation of reproducibility, therefore, includes the standard
atability«(se€ 3.3.1).

toentry: An estimate of opg to be given in the measurement test code for the family of m3

4

a measuring
ing from the

ire 1b) were

that is the
ource within
hpparatus)

, that is the
noise source
tor, different

deviation of

chines should

h]y be derived from an infprlahnrnfnry testIn the absence of such a test ORg-Mmay bd

agreed upon

isionally.

[SOURCE: ISO 7574-1:1985, 3.17, modified — The last part of the definition was moved to a new Note 1
to entry and Note 1 to entry was renumbered as Note 2 to entry.]

4

Conformity requirements

Measurements are in conformity with this document if they meet the following requirements:

a)

the measurement procedures, the installation and the operating conditions specified in this

document shall be fully taken into account;

b) for the determination of sound power levels, one (and only one) of the methods specified in Clause 6

or 7 shall be used;
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c) for determination of emission sound pressure level at the operator or bystander positions, the
method specified in Clause 8 shall be used.

5

Installation and operating conditions

5.1 Equipment installation

5.1.1 General

The equipment shall be installed according to its intended use. Installation conditions for many

different cat|
emission ded
possibilities

Care shall be
connected tq
test room. If
located outsi
the measure

NOTE If 4
equipment ca
sound power i
for several po

5.1.2 Floof-standing equipment

5.1.2.1 Re

Floor-standi
major surfac

5.1.2.2 Re

Floor-standi

distance (mdre than 2 m, if possible) from the walls, unless otherwise specified in Annex C.

The equipms
The dimensi

egories of ITT equipment are specified in Annex C; these shall be followed when
laration information is to be obtained. If the normal installation is unknown or/if s
bxist, a representative condition shall be chosen and reported.

the equipment being tested do not radiate significant amounts of sound energy in
practicable, all auxiliary equipment necessary for the operation of the equipment sh
de the test room and the test room shall be free from all objectswhich can interferg
ments.

he equipment is mounted near one or more reflecting planes{the sound power radiated
h depend upon its position and orientation. It is possible that the determination of the ra

s of interest either for one particular equipment position anidrorientation or from the averagg
bitions and orientations.

quirements for reverberation test rooms

es shall be parallel to a wall of the ¥everberation test room.

(uirements for hemi-anechoic rooms

hg equipment (see 3.1.8)shall be installed on the reflecting (hard) floor at a suftf

nt shall be installed in a way which allows access to all sides except the reflecting plg
ns of the reflecting plane(s) shall extend beyond the test object by atleast the measury

noise
bveral

taken to ensure that any electrical conduits, piping, air ducts or other auxiliary equipment

o the
all be
with

by the
diated
value

ng equipment (see 3.1.8) shall be loeated at least 1,5 m from any wall of the room ajnd no

icient

ne(s).
bment

distance. Inf| o the

sound radiat|

brmation . onrreflection is given in 7.3.1.1, Note 1. The plane(s) shall not contribute
jon due to.its (their) own vibrations.

5.1.2.3 Common requirements

If the equipment being tested consists of several frames bolted together in an installation or is too
large for testing purposes, the frames may be measured separately. In such circumstances, additional
covers can be required for the frames during the acoustical evaluation. These additional covers shall be
acoustically comparable with the other covers on the equipment. If a unit is mechanically or acoustically
coupled to another unit so that the noise emission levels of one are significantly influenced by the other,
the equipment being tested shall, where practicable, include all units coupled together in this way.

Floor-standing equipment which is to be installed only in front of a wall shall be placed on a hard floor
in front of a hard wall (information on reflection are given in 7.3.1.1, Note 1). The distance from the
wall shall be in accordance with the manufacturer's instructions or as specified in the relevant annex of
ECMA-74 (see Annex C). If such information is not available there, the distance shall be 0,1 m.
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5.1.3 Table-top equipment

5.1.3.1 Requirements for reverberation test rooms

Table-top equipment (see 3.1.9) shall be placed on the floor at least 1,5 m from any wall of the room
unless a table or stand is required for operation in accordance with Annex C (e.g. printers which take
paper from or stack paper on the floor). Such equipment shall be placed in the centre of the top plane of
the standard test table in accordance with A.1.

5.1.3.2 Requirements for hemi-anechoic rooms

TableJtop equipment (see 3.1.9) shall be placed on the floor, unless a table or stand is|required for
operdtion in accordance with Annex C (e.g. printers which take paper from or stack paper’pn the floor).
Such pquipment shall be placed in the centre of the top plane of the standard testdable in accordance
with A.1. In any case, the measurement surface defined in 7.6 terminates on the floor.

5.1.4| Wall-mounted equipment

Wall-mounted equipment (see 3.1.10) shall be affixed to a wall of the reverberation test foom at least
1,5 m{from any other reflecting surface, unless otherwise specified. Alternatively, if operafion permits,
the equipment may be laid with its mounting surface on the flder at least 1,5 m (more|than 2 m, if
possible, in hemi-anechoic rooms) from any wall of the room.

If the|equipment is usually installed by being recessed intosa'wall or other structure, a rgpresentative
strucfure shall be used for mounting during the measurements and described in the test rgport.

5.1.5| Rack-mounted equipment

Rack-mounted equipment includes both individual rack-mountable units (see 3.1.12) and rjack-enclosed
systems (see 3.1.13). Rack-mountable units'shall either be tested outside of the rack or nstalled in a
rack gnclosure in accordance with the requirements of ECMA-74. Rack-enclosed systems sfl:all be tested
eithef as floor-standing equipment (see*5.1.2) or as table-top equipment (see 5.1.3) according to the
type pnd size of system. The specific installation and operation requirements of ECMA-74 shall be
followed.

For rgck-enclosed systems that are available in more than one configuration of rack-moyntable units,
the particular configuration’to be measured is usually governed by the purposes of the test and is thus
not specified in this document (see ECMA-74 for more information).

5.1.6] Hand-held equipment

Handiheld equipment (see 3.1.14) shall be supported 0,25 m * 0,03 m above the reflectifgg plane by a
vibration-iSelating stand or fixture or by appropriate vibration-isolating elements. If a hemispherical
measpirement surface is used w1th any radlus less than 1 m (see B.1), the hand held equlp nent support
heigh : s eqtlipment shall
not 1nterfere w1th the propagation of alrborne sound from the equlpment or generate any additional
sound radiation.

5.1.7 Sub-assemblies

A sub-assembly (see 3.1.11) shall be supported 0,25 m * 0,03 m above the reflecting plane by a
vibration-isolating stand or fixture or by appropriate vibration-isolating elements. If a hemispherical
measurement surface is used with a radius less than 1 m (see B.1), the sub-assembly support height shall
be reduced to 0,125 m * 0,015 m. The method of supporting the sub-assembly shall not interfere with
the propagation of airborne sound from the sub-assembly or generate any additional sound radiation.
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If the above-specified support height is not adequate to allow the manufacturer's recommended air
flow at the sub-assembly's intake port, the height may be adjusted accordingly, but shall not exceed
0,5 m. The new height shall be documented in the test report.

5.2 Input

voltage and frequency

The equipment shall be operated at its nominal rated voltage and the rated power line frequency.

Phase-to-phase voltage variations shall not exceed 5 %.

5.3 Equip

ment operation

During the a

Annex C spe
the specified

oustical measurements, the equipment shall be operated in a manner typical of nor

fifies such conditions for many categories of equipment and shall be followed.'Howe
conditions are clearly contrary to the objective of providing uniform conditions c

corresponding to the intended use of the product, then an additional mode or modes closely rela

the intended|
shall either:

declare |
manufad

declare
to be tyy

When there 4
mode shall b

The equipme
test to allow

The noise sh
is designed

information

of each indivy
operation, p¢
document ejg
cycle shall bg

use shall be defined, tested and described in the test report. Any subsequent decla

turer to be typical use for the intended application; or

nly the latter, indicating that it is not based on Annex Gbut is declared by the manufac
ical use for the intended application.

re multiple operating modes specified in Annex €at a minimum, the most typical ope
b chosen for the measurement. This mode shallbe clearly described in the test report

nt shall be operated for a sufficient period of time before proceeding with the acoy
temperature and other pertinent conditions to stabilize.

i1l be measured with the equipmentin both the idle and operating modes. If the equij
o perform different functions, such as manual typing and automatic printing of §
br for printing in different print’'qualities, unless otherwise specified in Annex C, the
idual mode shall be determined and recorded. For equipment which, in normal func
rforms several operating modes, such as document insertion, reading, encoding, printir
ct, and for which a typical operational cycle has not been defined in Annex C, such a t
defined for the measurements. This mode shall be clearly described in the test report.

For rack-moyinted equipment in which the operation of several functional units is possible, the
intended to pperate together shall do so during the test; all other units shall be in idle mode.
absence of operationdl specifications provided by Annex C or by the manufacturer, an operating
that represents the most typical usage shall be defined and tested. This mode shall be clearly desd
in the test report.

h] use.

ver, if
losely
ted to
ration

both values, indicating that one is based on Annex C and that the other is declared by the

turer

rating

stical

bment
tored
noise
tional
gand
ypical

units
n the
mode
ribed

Some equipment does not operate continuously because of 1ts mechanical design or 1ts mode of ope
under program control. Long periods can occur during which the equipment is idle. The operating
mode measurements shall not include these idle periods. If it is not possible to operate the equipment
continuously during the acoustical evaluation, the time interval during which measurements have
to be made shall be defined and clearly described in the test plan, equipment specifications or other

documentati

on.

ration

Some equipment has operational cycles that are too short to allow reliable determination of the noise
emissions. In such cases, a typical cycle shall be repeated several times.

10
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If the equipment being tested produces attention signals, such as tones or bells, such intermittent sound
shall not be included in an operating mode. During the acoustical evaluation in the operating mode(s),
such attention signals shall be inoperative or, if this is not possible, they shall be set to a minimum.

NOTE For certain applications, such signals as well as the maximum response of feedback signals of
keyboards can be of interest. Such measurements can be made, but they are not part of the methods specified in
this document.

6 Method for determination of sound power levels of equipment in
reverberation test rooms

6.1 |General

The method specified in this clause provides a comparison procedure for determination |of the sound
power levels of ITT equipment in a reverberation test room, in accordance withthé’compagison method
specified in ISO 3741. It applies to equipment which radiates broad-band.noise, narrow-band noise,
noise[which contains discrete-frequency components or impulsive noise.

Itis sfrongly recommended that the room be qualified for discrete-frequericy components ih accordance
with the relevant procedure specified in ISO 3741. This avoids the@eéed to determine the number of
micrdphone positions and equipment locations each time equipmefit is measured.

6.2 |Measurement uncertainty

Measfirements carried out in accordance with this method yield standard deviations of reproducibility
for the frequency range of interest of this document*which are equal to, or less than, those given in
Table|1.

Table 1 — Typical upper bound values of the standard deviation of reproducibjlity in
d¢termining sound power levels in areverberation test room in accordance with|Clause 6

Octave band centre fre- , |“One-third-octave-band cen- | Standard deviation of
quencies tre frequencies reproducibility, org
Hz Hz dB
125 100 to 160 3,0
250 200 to 315 2,0
50094 000 400to 5000 1,5
8000 6300 to 10 000 3,0

NOTE|1  ForunostITT equipment, the A-weighted sound power level is determined by the sound gjower levels in
the 250 Hz te,.4 000 Hz octave bands. The A-weighted sound power level is determined with a standard deviation
of apgroximately 1,5 dB. A larger standard deviation can result when the sound power levels ih other bands
determine the A-weighted sound power level.

NOTE 2  The standard deviations of reproducibility, oro (see 3.3.2), given in Table 1, reflect the cumulative
effects of all causes of measurement uncertainty, including variations from laboratory to laboratory, but
excluding variations in the sound power level from equipment to equipment or from test to test which can be
caused, for example, by changes in the installation or operating conditions of the equipment. In quantitative sense,
the repeatability, o, (see 3.3.1), of the test results for the same piece of equipment and the same measurement
conditions can be considerably better (i.e. smaller standard deviations) than indicated by the values given in
Table 1.

NOTE 3  If the method specified in this clause is used to compare the sound power levels of similar equipment
that are omnidirectional and radiate broad-band noise, this comparison yields a standard deviation which is less
than that given in Table 1, provided that the measurements are carried out in the same environment.
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6.3 Test environment

6.3.1 General

Guidelines specified in ISO 3741 for the design of the reverberation test room, as applicable, shall be
used. Criteria for room absorption and the procedure for room qualifications, specified in ISO 3741,
shall be used.

[SO 3741 shall be followed with regard to the following:

a) testroom volume;

b) level of Hackground noise.

6.3.2 Meteorological conditions

The requirerhents of ISO 3741 shall be followed.
The following conditions are recommended:

a) ambient[pressure: 86 kPa to 106 kPa;

b) temperafure: within the range defined by the manufacturer for the@€quipment, if a range is defined;
if no range is defined by the manufacturer, the recommended rangeis 15 °C to 30 °C;

c) relative humidity: within the range defined by the manufacturer for the equipment, if a rapge is
defined;|for processing of paper and card media only, if ag’range is defined by the manufagturer,
the recommended range is 40 % to 70 %.

For equipment whose noise emissions vary with ambienttemperature in a prescribed manner (¢.g. by
varying the speeds of air-moving devices), the room temperature during the measurement shpll be
23°C+2°C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the
speeds of airtmoving devices), either the altitude of the test room shall be less than or equal to 500 m,
or the equipment shall be tested underfconditions simulating its operation at an altitude less than or
equal to 500|m.

NOTE Thjs variation of speed-of air-moving devices does not refer to the changing speed that is aJready
accounted forlin the correction forambient pressure described in 6.10.1, Note.

6.4 Instruymentation

6.4.1 Gene¢ral

The requiremeénts of this subclause (6.4), as well as the instrumentation requirements of ISO 3741} shall
be followed.

Digital integration is the preferred method of averaging.

6.4.2 The microphone and its associated cable

The instrumentation system, including the microphone and its associated cable, shall meet the
requirements of ISO 3741. If the microphone is moved, care shall be exercised to avoid introducing
acoustical or electrical noise (e.g. from gears, flexing cables, or sliding contacts) that could interfere
with the measurements.

6.4.3 Frequency response of the instrumentation system

The requirements of ISO 3741 shall be followed.
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Reference sound source

The reference sound source shall meet the requirements specified in [ISO 6926 over the frequency range
of interest.

6.4.5

Filter characteristics

The requirements for an instrument specified in accordance with IEC 61260-1, class 1 shall be followed.

6.4.6

The nri 1 bt H - — et RE6 483

Befor
class

NOTE
for ch

example, see JBMIA-TR-28[28].,

The (

requi
and, i
verifi

by m¢

The s
shoul
with
confo

excee

6.5

See C|

6.6

6.6.1

The n
spatiz

one 0
diffe\:E
or eqyial to 0,5 dB. If this value is exceeded, the results of the series of measurements shall

Calibration

e and after each series of measurements, a sound calibrator meeting the requirements
1 shall be applied to each microphone to verify the calibration of the entire measuri
more frequencies within the frequency range of interest. Without any further adj
nce between the readings made before and after each series of measurements shal

A “series” of measurements does not require that this verificationcbe.conducted “daily”. (
pcking the calibration of the measurement system to ensure this requirement is met can be

alibration of the sound calibrator, the conformance.of. the instrumentation syst
rements of [EC 61672-1, the conformance of the filter\set with the requirements of
f used, the conformance of the reference sound source with the requirements of ISO
bd at intervals in a laboratory making calibratiens traceable to appropriate standar
eting the requirements of ISO/IEC 17025[2].

pund calibrator should be calibrated at intervals not exceeding 1 year, the reference
d be calibrated at intervals not exceeding’2 years, the conformance of the instrument]
the requirements of IEC 61672-1 shguld be verified at intervals not exceeding 2 y]|
fmance of the filter set with the-requirements of IEC 61260-1 should be verified at
ding 2 years.

Installation and operation of equipment: general requirements

ause 5.
Microphone positions and source locations

General

hajor_cause of uncertainty in determining sound power level in a reverberation tes

of IEC 60942,
ng system at
ustment, the

be less than
be discarded.

ther methods
available. For

em with the
IEC 61260-1
926 shall be
s preferably

tound source
ation system
ears and the
intervals not

L room is the

I'itregularity of the sound field. The extent of this irregularity and, hence, the effor

t required to

determine the time-average sound pressure level accurately are greater for discrete-frequency sound
than for broad-band sound.

It is strongly recommended that the room be qualified for the measurement of discrete-frequency
components in accordance with the relevant procedures of ISO 3741. This avoids the need to determine
the number of microphone positions and equipment locations each time equipment is measured.

If the room has not been qualified for the measurement of discrete-frequency components, the
procedures specified in ISO 3741 shall be used to determine the minimum number of microphone
positions and to evaluate the need for additional noise source locations prior to each measurement.
The results of these procedures depend on the presence or absence of significant discrete-frequency
components or narrow bands of noise in the sound emitted by the source. When these are present, the
number of microphone positions and equipment locations may be large.
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6.6.2 Number of microphone positions, reference sound source locations and equipment
locations

The requirements of ISO 3741 shall be followed.

6.6.3 Microphone arrangement

The requirements of ISO 3741 shall be followed.

6.7 Measurement of sound pressure level

6.7.1 Gene¢ral

The requirerhents of ISO 3741 shall be followed, as applicable.

6.7.2 Measurement duration
The requirernents below, in addition to those of ISO 3741, shall be followed, as applicable.

For equipmgnt which performs repetitive operational cycles (e.g. page printers), the measur¢ment
duration shdll include at least three operational cycles. For equipment which performs a sequence
of varying operational cycles, the measurement duration shall include the total sequence. Anpnex C
specifies additional requirements for many categories of equipment,

6.7.3 Corrections for background noise
The requirerhents of ISO 3741 shall be followed, as applicahle.
NOTE When the levels of the background noise in the test room are extremely low and well controllgd, it is

possible that the environment satisfies the absolute andi/er relative criteria for background noise in accofdance
with ISO 3741

6.8 Measuyrement of the sound pressure level of the reference sound source

The requirerhents below, in addition to_those of ISO 3741, shall be followed.

For the purgoses of determining{thé sound power level of the equipment by means of reverberation
test rooms, this document uses €xclusively the comparison method specified in ISO 3741. This method
has the advdntage that it js\not necessary to measure the reverberation time of the test roonj. The
comparison method requites’the use of a reference sound source with characteristics and calibration in
accordance With ISO 6926. The reference sound source shall be operated, as described in its calibfation
chart, in the |presence-of the equipment being tested and in the presence of the operator, if required to
operate the gquipment.

The requirements of ISO 3741 shall be followed.
6.10 Determination of sound power level

6.10.1 Calculation of band sound power levels

The sound power level, under reference meteorological conditions, of the equipment in each one-third-
octave band within the frequency range of interest (see 3.2.11) is obtained by using the comparison
method of ISO 3741.

NOTE The procedures in ISO 3741 are used to determine the sound power level under reference
meteorological conditions (ambient pressure 1,013 25 x 105 Pa, temperature 23 °C, relative humidity 50 %).
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The sound power level in the kth octave band, Lyoct, k, in decibels, if needed, shall be based on one-

third-octave-band data and calculated as per Formula (1):

x 0,1L .
Lyoct x =101g 2 102 w137 4B

(0
j=3k-2
where
k is an identification number of octave band within the frequency range of interest (see
Table 2);
Lly1/3,j 1s the sound power Ievel in the jth one-third-octave band, in decibels (see Taljle 3);
j is an identification number lying within the range of (3k -2) and 3k, which identifies the

three one-third-octave bands that make up the kth octave band.

6.10.2 Calculation of A-weighted sound power level

The A-weighted sound power level, Ly, in decibels, shall be based on-thie frequency range of interest,

and cplculated as per Formula (2):

21
=101 > 10 w34 gp

L (2)
j=1
where
Liv1/3,j isthe sound power level, in decibels, ifithe jth one-third-octave band;
Al is the A-weighting value correspending to the jth one-third-octave band (see|Table 3);
j is an identification number, ¢0f'a one-third-octave band within the frequency fange of

interest (see Table 3).

NOTE Formulae (1) and (2), as wel as Tables 2 and 3, are intended for common use for not only Clause 6, but

also Clause 7.

Table 2 — Identification number, k, for octave bands

Octave-band centre frequency

Hz
125
250
500

16060

2000

4000

8000

N| OV | U | B W N
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Table 3 — Values of A-weighting, 4;, for one-third-octave bands

One-third-octave-band centre fre- A-weighting
j quency Aj
Hz dB

1 100 -19,1

2 125 -16,1

3 160 -13,4

4 200 -10,9

[ 250 _Q,A

6 315 -6,6

7 400 -4.8

8 500 -3,2

9 630 -19

10 800 -0,8

11 1000 0,0

12 1250 0/6

13 1600 1,0

14 2000 1,2

15 2500 1,3

16 3150 1,2

17 4000 1,0

18 5000 0,5

19 6300 -0,1

20 8 000 -1,1

21 10000 -2,5
Some ITT eqpipment emits high-frequencynoise in the 16 kHz octave band. Depending upon the nature
of noise emigsions, Table 4 shows how o handle each situation.
For the determination of A-weighted sound power levels from band levels, this document dog¢s not
extend the frlequency range of interest to include the 16 kHz octave band.
For equipmept which emits discrete tone(s) in the 16 kHz octave band, each frequency and level jof the
tone(s) that ik (are) within{10 dB of the highest tone level in the band shall be determined in accorflance
with the progedures specified in ISO 9295 (see Table 4). The derived levels are not frequency weighted.
CAUTION — The\ 16 kHz octave-band contribution is not included in the determination ¢f the
A-weighted Jevel.
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Table 4 — Type of noise and determination of sound power levels

125 Hz to 8 kHz

Type of noise in the frequency range of the octave
bands centred at

16 kHz

Sound power level to be determined

No significant noise

A-weighted level (consisting of contribution from
125 Hz to 8 kHz octave bands) in accordance with this

document

Broad-band noise

A-weighted level (consisting of contribution from
125 Hz to 8 kHz octave bands) in accordance with this
document and one-third-octave-band levels in 16 kHz

Broadl-band or
narrdw-band noisea

Octave band Im accordance with the proced
ISO 9295

re of

Discrete tone

A-weighted level (consisting of contributios
125 Hz to 8 kHz octave bands) in@ccordang
document and the level and frequency of th
tone in accordance with IS09295

h from
e with this
e discrete

Multiple tones

A-weighted level (consisting of contributios
125 Hz to 8 kHz octave hands) in accordang
document and the levels and frequencies of
in the 16 kHz octave-band that are within 1
the highest toé\evel in the band in accord
ISO 9295

h from

e with this
all tones

0 dB of
hnce with

No significant

3
noisep

Discrete tone

Level and\frequency of the discrete tone in
octave band in accordance with ISO 9295

the 16 kHz

Multiple tones

Levels and frequencies of all tones in the 16
band that are within 10 dB of the highest tg
the band in accordance with ISO 9295

kHz octave
ne level in

also b reported.

a For noise in the 125 Hz to 8 kHz octave bands, spund power level in one-third-octave bands and in oc]

b A significant noise contribution not within the 125 Hz to 8 kHz octave band lies outside the scope of th
that cise, only ISO 9295 is applicable.

ave bands may

s document; in

7 Method for determination of sound power levels of equipment under
essentially free-field conditions over a reflecting plane

7.1 |General

The method specified in this clause provides a direct procedure for determination of the
levelq of ITT €quipment using essentially free-field conditions over a reflecting plane as
[SO 3[744 or<ISO 3745. It applies to equipment which radiates broad-band noise, narrow
noise[which contains discrete-frequency components or impulsive noise.

sound power
specified in
'-band noise,

The treasurenrent statt-becarried outimamenvironment quatified i accordance with

ISO 3745.

7.2 Measurement uncertainty

ISO 3744 or

Measurements carried out in accordance with this method yield standard deviations of reproducibility
for the frequency range of interest of this document which are less than or equal to those given in

Table 5.

© ISO 2018 - All rights reserved

17


https://standardsiso.com/api/?name=e88e787db0bea53d7cefb7346db072db

ISO 7779:2

018(E)

Table 5 — Typical upper bound values of the standard deviation of reproducibility in
determining sound power levels in an essentially free field over a reflecting plane in

accordance with Clause 7

Octave band centre fre- One-third-octave-band Standard deviation of
quencies centre frequencies reproducibility, oro
Hz Hz dB
125 100 to 160 3,0
250 to 500 200 to 630 2,0
1000 to 4 000 800to 5000 1,5
o UUU 0 J5UU 1O 1U Uuvu L,d

NOTE 1 Fo
the 250 Hz to
of approxima
determine thd

NOTE2 Th
effects of all
excluding var
caused, for ex
the repeatabi
conditions ca
Table 5.

most ITT equipment, the A-weighted sound power level is determined by the sound poiver'le
1 000 Hz octave bands. The A-weighted sound power level is determined with a standard dey
ely 1,5 dB. A larger standard deviation can result when the sound power levels-in other
A-weighted sound power level.

causes of measurement uncertainty, including variations from laberatory to laborator
ations in the sound power level from equipment to equipment or from test to test which

imple, by changes in the installation or operating conditions of the quipment. In quantitative
ity, or (see 3.3.1), of the test results for the same piece of equipment and the same measur
h be considerably better (i.e. smaller standard deviations) than"indicated by the values gi

NOTE3 Ift
that are omni

he method specified in this clause is used to compare thie sound power levels of similar equi
irectional and radiate broad-band noise, this compatison yields a standard deviation which

than that givep in Table 5, provided that the measurements are-¢arried out in the same environment.

7.3 Test environment

7.3.1 Ess

tially free field over a reflecting.plane

7.3.1.1 Geperal

vels in
iation
bands

e standard deviations of reproducibility, ogo (see 3.3.2), given in Table 5, reflect the cumulative

y, but
ran be
sense,
ement
ven in

pment
isless

The test environment shall provide an’essentially free field over a reflecting plane. Criteria for sufitable
test environgnents are defined in ISO 3744 and ISO 3745.

NOTE 1

over the frequency range ofinterest (e.g. concrete floor: a < 0,01, plastered wall: a = 0,04, tiled wall: a % 0,(

NOTE 2 It is ideal for the test environment (an essentially free field over a reflecting plane, such as a
anechoic roonp) to be'qualified in accordance with the latest edition of ISO 3744 and/or ISO 3745 as applicd
practice, how¢verlinfcase of the existing test environment, it will take some years (so called, transition per
complete the recqualification testing according to applicable updated standards. Such a testing can be need

Y g oo

A glane (floor, wall)-s.¢onsidered to be reflecting (hard) if its absorption coefficient a is less than 0,06

1).

hemi-
ble. In
od) to
ed for

faul
<1,

7.3.1.2 Qualification in accordance with ISO 3744

For test environments qualified in accordance with ISO 3744, the environmental correction, Ky, shall be

equal to or less than 2 dB in each one-third octave band over the frequency range of interest.

The above requirement for K; may not be achievable in all frequency bands, even if the test environment
is suitable for determining A-weighted sound power levels. Therefore, if the A-weighted sound power

18
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level is to be determined from one-third-octave band levels, the following steps shall be followed to
determine whether this quantity meets the environmental correction criteria of this document:

a) the A-weighted sound power level is computed in accordance with the procedures in ISO 3744 using
the data from every one-third-octave band within the frequency range of interest and corrected for
K7 using the values determined according to ISO 3744 even when those values exceed K, = 2,0 dB;

b) the computation is repeated, but excluding those bands for which K, exceeds 2 dB.

If the difference between these two levels is less than 0,5 dB, the A-weighted sound power level
determined from the data for all bands can be considered as conforming to the test environmental
correction criteria of this document.

7.3.1]3 Qualification in accordance with ISO 3745

For t¢st environments qualified in accordance with ISO 3745, the environmehtal correction, Ky, is
assumed to be 0 dB in each one-third octave band over the frequency range ofinterest.

The gbove requirement for qualification in accordance with ISO 3745 tmay not be achjevable in all
frequency bands, even if the test environment is suitable for determining A-weighted $ound power
leveld. Therefore, if the A-weighted sound power level is to be determined from one-thirdfoctave band
levelg, the following steps shall be followed to determine whether this quantity meets the erjvironmental
qualification criteria of this document:

a) the A-weighted sound power level is computed in accordance with the procedures|in ISO 3744
uking the data from every one-third-octave band within the frequency range of intergst for which
the chamber qualifies in accordance with ISO 3745;

b) the computation is repeated, but excluding thése bands for which the chamber does not qualify in
apcordance with ISO 3745.

If the difference between these two levelsis less than 0,5 dB, the A-weighted sound| power level
determined from the data for all bands'can be considered as conforming to the test environmental
qualification criteria of this document.

7.3.2| Meteorological conditions

The rgquirements of ISO 3744 shall be followed, as applicable.
The fpllowing conditions'are recommended:

a) ambient pressure: 86 kPa to 106 kPa;

b) témperature: within the range defined by the manufacturer for the equipment if a range is defined.
[f no range is defined by the manufacturer, the recommended range is 15 °C to 30 °C;

c) relative humidity: within the range defined by the manufacturer for the equipment, for processing
of paper and card media only or, if there is no such range, 40 % to 70 %.

For equipment whose noise emissions vary with ambient temperature in a prescribed manner (e.g. by
varying the speeds of air-moving devices), the room temperature during the measurement shall be
23°C+2°C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the
speeds of air-moving devices), either the altitude of the test room shall be less than or equal to 500 m,
or the equipment shall be tested under conditions simulating its operation at an altitude less than or
equal to 500 m.

NOTE This variation of speed of air-moving devices does not refer to the changing speed that is already
accounted for in the correction for ambient pressure specified in 7.9.1.
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7.4 Instrumentation

7.4.1 General

The requirements of 7.4, as well as the instrumentation requirements of ISO 3744 or ISO 3745, shall be

followed.

Digital integration is the preferred method of averaging.

7.4.2 The

microphone and its associated cable

The instru

requirement
to avoid inti
contacts) thg

7.4.3 Frequency response of the instrumentation system

The requirer

7.4.4 Refe

The referenc
of interest.

7.4.5 Filte

The requiren

7.4.6 Calibration

Before and

IEC 60942, c
system at on
difference bd
orequalto0

NOTE A
for checking t
example, see ]

The calibrat|
requirement
and, if used,

verified at inftervals in a laboratory making calibrations traceable to appropriate standards prefd

entation Systemnt, IMciuding the MICropione and 1ts associated cabie, shatt me
5 of ISO 3744 or 1SO 3745, as applicable. If the microphone is moved, care shall be eXe}
oducing acoustical or electrical noise (e.g. from wind, gears, flexing cables.or s
t could interfere with the measurements.

hents of ISO 3744 or ISO 3745, as applicable, shall be followed.

rence sound source

e sound source shall meet the requirements specified in SO 6926 over the frequency

r characteristics

hents for an instrument specified in accordanc¢e with IEC 61260-1, class 1 shall be foll

t the

cised

liding

range

bwed.

pfter each series of measurements, a sound calibrator meeting the requirements of

ass 1 shall be applied to each microphone to verify the calibration of the entire meag

tween the readings made-before and after each series of measurements shall be less
5 dB. If this value is exceeded, the results of the series of measurements shall be disca

Keries” of measurements does not require that this verification be conducted “daily”. Other m4
he calibration of thé measurement system to ensure this requirement is met can be availab
[BMIA-TR-28[28l.

on of the)sound calibrator, the conformance of the instrumentation system wit
5 of [EC.61672-1, the conformance of the filter set with the requirements of IEC 61
fhe’conformance of the reference sound source with the requirements of ISO 6926 sh

uring

e or more frequencies withiithe frequency range of interest. Without any adjustmennt, the

than
rded.

thods
le. For

h the
260-1
all be

by meeting the requirements of ISO/IEC 17025[2].

prably

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 conformance 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 should be verified at intervals not
exceeding 2 years.

7.5 Instal

See Clause 5.

20

lation and operation of equipment: General requirements
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7.6 Measurement surface and microphone positions

7.6.1 General

Exceptas specified in Annex B, the requirements of ISO 3744 or [SO 3745 shall be followed, as applicable.
For most ITT equipment, the preferred measurement surface is hemispherical. If a hemispherical
surface is used, then one of the following shall be applied:

a) B.1;
b) relevant annex of SO 3745;
c) relevant annex of ISO 3744 (but with a minimum of five different microphone heights)

Howegver, for equipment with tall aspect ratios, such as equipment racks, frames-or

cylindrical measurement surface specified in B.2 may be preferred. For sourcées, which
footprint, the parallelepiped measurement surface can be more practical than a hemisj
conditions of Clause 5 shall, however, be followed. The number and location of'the microph

shall

be as specified in ISO 3744 or ISO 3745, as applicable.

In some cases, e.g. when small equipment emits very low-level neise, it can be help
hemigpherical measurement surface with a smaller radius. For suchisituations, B.1 defines 1
condifions with a hemisphere radius less than 1 m, but at least 8,5 m.

In orgler to facilitate the location of the microphone positions, a hypothetical referen

defin
paral

ed. This reference surface, or “reference box”, is the simallest possible rectangular ba
elepiped) that just encloses the equipment and~terminates on the reflecting plan|

length I1, a width I and a height [3. Elements protruding from the equipment being test
unlikely to contribute to the noise emission maybe disregarded. The microphone positia
measfirement surface, a hypothetical surface ofiarea, S, which envelops the equipment a

referg

Thel
defin

nce box and terminates on the reflecting’plane.

cation of the equipment being tested, the measurement surface and the microphone
bd by a co-ordinate system with*horizontal axes x and y in the ground plane parallel

and width of the reference box andwith the vertical axis z passing through the geometric

referd

nce box. The x-axis pointStowards the front of the equipment. The position of the

co-orflinates of the microphone positions is:

Cabinets, the
have a large
bherical. The
bne positions

ful to use a
neasurement

e surface is
x (i.e. a right
e(s). It has a
bd which are
ns lie on the
s well as the

positions are
to the length
centre of the
rigin for the

a) for floor-standing equipment: on the floor in the centre of the plane of the reference [box which is
cpplanar with theZrgom floor;

b) for table-top.équipment on a table or on the floor: as for a);

c) for wall-mounted equipment: in the centre of that plane of the reference box which is doplanar with
the mopnting surface;

d) ferrack-mounted equipment: as for a);

e) for hand-held equipment: as for a);

f) for sub-assemblies: as for a).

NOTE For fixed microphone arrays, either a single microphone can be moved from one position to the

next sequentially or a number of fixed microphones can be used and their outputs sampled sequentially or
simultaneously. Alternatively, a continuous microphone traverse can be used, as specified in ISO 3744.

Near air exhausts, the microphone position shall be selected in such a way that the microphone is not
exposed to the air stream; otherwise, a windscreen shall be used.

The microphones shall be oriented in such a way that the angle of sound incidence is the same as
the angle for which the microphone has the most uniform frequency response, as specified by the
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manufacturer. For most practical cases, this is an orientation towards the origin of the co-ordinate
system on the floor.

7.6.2 Microphone positions on the measurement surface

Except as stated in the next paragraph, microphone positions shall meet the requirements of SO 3744
or ISO 3745, as applicable, including the requirements for additional microphone positions and for
reduction in the number of microphone positions, where applicable.

If large equipment is to be measured in small rooms providing free-field conditions over a reflecting
plane in accordance w1th ISO 3745 it can be ea51er to place the equlpment not in the centre of the
room but cloger-te ratge-the-mierophoenepos . tetd-of-theroor . The
equipment should be turned around S0 that noise radlatlon from the different sides of the machine can
be determingd sequentially.

7.7 Measyrement of sound pressure levels

7.7.1 Genge¢ral

Measurements of the sound pressure levels shall be carried out in accordanceswith ISO 3744 or ISQ 3745
and with the|following requirements.

Measuremerts of the sound pressure level shall be carried out at thé microphone positions specified
in 7.6 with A-weighting and/or for each frequency band within‘\the frequency range of interpst, if
required. Reford:

— the A-wdighted sound pressure levels and/or the one-third-octave-band sound pressure levels, for
the specjfied modes of operation of the equipment;

— the A-wgighted sound pressure levels and/or the one-third-octave-band sound pressure leyels of
the background noise (including noise from support equipment).

When using p sound level meter, the person(reading the meter shall not disturb the sound field pt the
microphone.

7.7.2 Measurement duration
The requirerhents below, in addition to those of ISO 3744, shall be followed, as applicable.

For equipmpnt which pérforms repetitive operational cycles (e.g. enveloping machines], the
measuremer]t duration shall include at least three operational cycles. For equipment which performs
a sequence df varying gperational cycles, the measurement duration shall include the total seqyence.
Annex C spegifies additional requirements for many types of equipment.

7.7.3 Cornections for background noise

The requirements of ISO 3744 shall be followed, as applicable.

NOTE When the levels of the background noise in the test room are extremely low and well controlled, it is
possible that the environment satisfies the absolute and/or relative criteria for background noise in accordance
with ISO 3744.

7.8 Calculation of surface sound pressure level

Calculation of surface sound pressure level over the measurement surface shall be in accordance
with the relevant procedure of ISO 3744. This includes corrections for background noise, K1, and test
environment, K. For hemi-anechoic rooms meeting the qualification requirements of ISO 3745, no K>»
correction is applied.
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Determination of sound power levels

Calculation of band sound power levels

When band data are required, the sound power level, under reference meteorological conditions, of the
equipment in each one-third-octave band within the frequency range of interest shall be based on the
surface sound pressure level and determined in accordance with the procedure of ISO 3744.

NOTE

The procedure given in ISO 3744 is used to determine the sound power level un

der reference

meteorological conditions (ambient pressure 1,013 25 x 105 Pa, temperature 23 °C, relative humidity 50 %).

The sound power level in the kth octave band ’!rﬁv,\.l\,t, iw-in decibels_if needed shall he hased on one-
thirdjoctave-band data, Lw1/3, j, and calculated from Formula (1).

7.9.2 Calculation of A-weighted sound power level

For the purposes of this document, the A-weighted sound power level, Ly, in'decibels, undler reference

meteg@rological conditions, can be derived either directly from A-weighted-sound pressurg

calcu
with {1

NOTE
meted

In the
range

Some
of noi

ation from one-third-octave-band data using the A-weighting values-for each band i
he procedures of ISO 3744.

The procedures given in ISO 3744 are used to determinelthe sound power level un
rological conditions (ambient pressure 1,013 25 x 105 Pa, tempgrdture 23 °C, relative humid

latter case, the A-weighted sound power level, Lyy,.in*decibels, shall be based on t
of interest, or calculated from Formula (2).

ITT equipment emits high-frequency noise in the’16 kHz octave band. Depending up
e emissions, Table 4 shows how to handle.each situation.

For t
exte

For e
tone(
with {1

CAUT

levels, or by
h accordance

der reference
ty 50 %).

he frequency

n the nature

e determination of A-weighted sound(power levels from band levels, this documlent does not

the frequency range of interest to iniclude the 16 kHz octave band.

uipment which emits discrete tore(s) in the 16 kHz octave band, each frequency an|
) that is (are) within 10 dB of.the highest tone level in the band shall be determined i
he procedures specified in[SO 9295 (see Table 4). The derived levels are not frequen

ION — The 16 kHz-octave band contribution is not included in the determin

d level of the
h accordance
cy weighted.

ation of the

A-wejghted level.

8
ope

ethod foridetermination of emission sound pressure levels at defined
ator and bystander positions

8.1 |Genheral

The method specified in this clause defines the conditions for determination of the emission sound
pressure levels of ITT equipment at the work station (operator position) and, if there is no operator
position, at the bystander positions in an essentially free field over a reflecting plane in accordance with
ISO 11201, accuracy grade 2 (engineering method). It applies to equipment which radiates broad-band
noise, narrow-band noise, noise which contains discrete-frequency components or impulsive noise.

NOTE The determination specified in this clause is historically based on an engineering method.

This determination does not apply to sub-assemblies. However, where desired for sub-assemblies,
determine an emission sound pressure level from a previously obtained sound power level using
Q = Q1 = 8 dB in accordance with ISO 11203. This value of Q corresponds to a radial distance of 1 m
from a small sub-assembly radiating hemispherically; for uniformity, this value of Q is applicable to all
sub-assemblies. Optionally, actual emission sound pressure levels may be determined at operator or
bystander positions, as described in the following.
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Determination of whether the noise at the operator position or at the bystander positions contains
prominent discrete tones is specified in Annex D. The method is applicable to equipment and sub-
assemblies.

8.2 Measurement uncertainty

Measurements carried out in accordance with this method yield standard deviations of reproducibility
for the frequency range of interest of this document which are equal to, or less than, those given in
Table 6.

Table 6 — Typical upper bound values of the standard deviation of reproducibility in
determining emission sound pressure levels at the operator and bystander positions in an
essentially free field over a reflecting plane in accordance with Clause 8

Octave-band centre fre- | One-third-octave-band cen- | Standard deviation ef:
quencies tre frequencies reproducibility, oo
Hz Hz dB
125 100 to 160 3,0
250 to 500 200 to 630 2,0
1000 to 4 000 800 to 5000 1,5
8000 6300 to 10 000 2,5

NOTE1  Fof mostITT equipment, the A-weighted emission sound pressyire level is determined by the enfission
sound pressufe levels in the 250 Hz to 4 000 Hz octave bands. The A-weighted emission sound pressure level is
determined wfith a standard deviation of approximately 1,5 dB. AJarger standard deviation can result when the
emission sourld pressure levels in other bands determine the A-weighted emission sound pressure level.

NOTE 2  In [free-field conditions over a reflecting plane,-the standard deviations of reproducibility, ogo (see
3.3.2), given |n Table 6, reflect the cumulative effects(of all causes of measurement uncertainty, including
variations from laboratory to laboratory, but excluding variations in the emission sound pressure leve| from
equipment to lequipment or from test to test which:cah be caused, for example, by changes in the installagion or
operating conlditions of the equipment. In quantitative sense, the repeatability, or (see 3.3.1), of the test fesults
for the same piece of equipment and the same measurement conditions can be considerably better (i.e. smaller
standard deviptions) than indicated by the ¥alues given in Table 6.

NOTE 3  If the method specified in this.¢lause is used to compare the emission sound pressure levels of gimilar
equipment that are omnidirectionalland radiate broad-band noise, this comparison yields a standard deyiation
which is less than that given in Tabl€.6, provided that the measurements are carried out in the same environpment.

8.3 Test environmernt

8.3.1 Geng¢ral

The measur¢ments shall be carried out in a qualified environment in accordance with ISO 1

accuracy gr : ;
conjunction with those performed in accordance with Clause 7.

CAUTION — Installation conditions are not always identical between Clause 7 and Clause 8.

8.3.2 Meteorological conditions

The requirements of ISO 11201, accuracy grade 2 (engineering method), shall be followed.
The following conditions are recommended:

a) ambient pressure: 86 kPa to 106 kPa;

b) temperature: within the range defined by the manufacturer for the equipment, if a range is defined;
if no range is defined by the manufacturer, the recommended range is 15 °C to 30 °C;
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c) relative humidity: within the range defined by the manufacturer for the equipment, if a range is
defined; for processing of paper and card media only, if no range is defined by the manufacturer,
the recommended range is 40 % to 70 %.

For equipment whose noise emissions vary with ambient temperature in a prescribed manner (e.g. by
varying the speeds of air-moving devices), the room temperature during the measurement shall be
23°C+2°C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the
speeds of air-moving devices), either the altitude of the test room shall be less than or equal to 500 m,
or the equipment shall be tested under conditions simulating its operation at an altitude less than or
equal to 500 m

NOTE This variation of speed of air-moving devices does not refer to the changing speed-that is already
accounted for in the correction for ambient pressure described in the 8.8.1, Note.

8.4 |Instrumentation

Instrtmentation shall meet the requirements of ISO 11201, accuracy grade 2 (engineerjng method),
and the additional requirements of 7.4.

8.5 [Installation and operation of equipment

Equigment shall be installed and operated in accordance with the requirements of Clause| 5, except for
hand+theld and table-top equipment.

Handiheld equipment shall be installed so that the equipment is flat on a standard test tgble, with the
front pdge of the device aligned with the front edge.of the table. Hand-held equipment may pe optionally
isolated from the surface by a small number of elastomeric feet, approximately 12 mm high.

Tableftop equipment shall be installed centred on a standard test table, unless otherwlise specified
in Anjnex C. Any table-top equipment combination which includes a keyboard shall be ipstalled such
that the smallest rectangle in the plafi¢-of the table and encompassing the keyboard angl other units
is certred on the top of the standard test table or as specified in Annex C. Any table-todp equipment
combjfnation which normally is operated with a detachable keyboard but which is tested without the
keybg@ard shall be centred on-the test table as in the preceding sentence and as if the kelyboard were
presepnt, unless otherwise speeified in Annex C.

For gptional measurement of sub-assemblies intended for use in table-top productd, install the
sub-assembly in the~centre of a standard test table, isolated from the surface by a smdll number of
elastgmeric feet, approximately 12 mm high. For optional measurement of sub-assemblies intended for
use ir] other enclesures or racks, install the sub-assembly as specified in 5.1.7.

8.6 |Microphone positions

8.6.1 General
8.6.2 and 8.6.3 specify the ways to define operator and bystander positions, respectively.

For equipment already standardized, the relevant annex of ECMA-74 specifies which position(s) is(are)
applicable to each category.

NOTE These requirements of microphone positions are in accordance with, but more specific than, those of
ISO 11201, accuracy grade 2 (engineering method).

8.6.2 At the operator position(s)

One or more operator positions shall be specified for equipment which requires operator attention
while in the operating mode.
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For equipment which is operated from a standing position, the microphone shall be located
1,50 m = 0,03 m above the floor [see Figure 1 a), position P1].

For equipment which is operated from a seated position, the microphone shall be located 1,20 m + 0,03 m

above the flo

or [see Figure 1 b) or c), position P2 or P3].

The horizontal distance from the reference box shall be 0,25 m * 0,03 m, unless this distance is not
representative of the operator position; in the latter case, the representative operator position shall be
described and used.

For desktop equipment which normally has a detachable keyboard and which is tested without the

keyboard (e.

o. a desktop personal computer or a video display unit that is tested without a keyboard),

the distance
position, sha

For optional
position, the
table-top eqy
reference bo

1 be 0,50 m + 0,03 m [see Figure 1 d), position P4].

X, and 1,20 m = 0,03 m above the reflecting plane).

from the front end of the reference box, for the purposes of determining the ep¢rator

measurement of sub-assemblies intended for use in equipment with a defin€d op¢rator
above position shall be used for the sub-assembly measurement (i.e. 0,25 m + 0,08 m if
lipment does not have a detachable keyboard, and 0,50 m + 0,03 m othérwise from frjont of

During this neasurement, the operator should be absent, if possible, or move aside, so that he/she can

still operate

For hand-he
horizontal di

NOTE If 1
then measure

ment of sound pressure level at a bystander positiontis not required.

Lhe equipment but does not significantly disturb the sound field-around the microphgne.

d equipment, the microphone shall be located 1,0 m ¥J0,03 m above the floor, and the
stance from the reference box shall be 0,125 m * 0,01 m[see Figure 1 e), position P5].

he sound pressure level at the operator position is measured on operator-attended equipment,
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Dimensions in metres

1 I_ 1 I
a) Standing operator b) Seated operator for
floor-standing equipment
P3 ) P R
L0 0,25 / Z
C_
| |
c) Seated operator for table-top d) Seated operator for tablertop
equipment (case1: with keyboard) equipment (case 2: without keyboard)
0,125
P5,L N
S s
s —1
]

= 0 ]

e) Operator for hand-held equipment

Figure 1 — Examples of microphone positions for standing and seated operators
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8.6.3 At the bystander positions

For equipment which does not require operator attention while in the operating mode, an operator
position may not be specified. In this case, at least four bystander positions shall be selected and
specified to determine the mean emission sound pressure level (see 8.8.3). For reporting and/or
declaration purposes, this mean value is applicable, rather than the value at each bystander position.

The bystander positions shall be at a horizontal distance of 1,00 m * 0,03 m from the sides of the
reference box and at a vertical distance of 1,50 m * 0,03 m above the floor. The four preferred bystander
positions are centred horizontally at the front, rear, right and left sides of the reference box. If the length
of any side of the reference box exceeds 2,0 m, additional bystander positions at 1,0 m intervals should
be used. Forwall-mounted equipment or for equipment placed against the wall the three preferred

bystander pgsitions are centred at the front, right and left sides of the reference box.

For optional|measurement of sub-assemblies intended for use in equipment which doesnot rdquire
operator attgntion while in the operating mode, install the sub-assembly in accordance with'5.1.7, define
the reference¢ box and apply the provisions of the preceding two paragraphs to define the bystander
positions.

8.6.4 Microphone orientation

The microphones shall be oriented in such a way that the angle of sound incidence is the same as the
angle for which the microphone has the most uniform frequency response. For most practical casgs, the
primary souhd source is assumed to be either 30° or 45° below horizontal (see Figure 1).

8.7 Measuyrement of sound pressure levels

8.7.1 Geng¢ral

Measurements of the sound pressure level requiredby'this clause shall be carried out at the microphone
positions spgcified in 8.6 with A-weighting and/er:for each frequency band within the frequency frange
of interest. Record:

a) the A-wdighted sound pressure level$arid/or the one-third-octave-band sound pressure levells, for
the specjfied modes of operation af the equipment;

b) the A-wgighted sound pressure {evels and/or the one-third-octave-band sound pressure levels of
the background noise (including noise from support equipment).

When using p sound level fnefter, the person reading the meter shall not disturb the sound field pt the
microphone.

If spatial flyctuatiehsvoccur, due to interferences or standing waves, it is recommended that the
microphone pe moved by approximately 0,1 m in a vertical plane around the nominal measur¢ment
position, and the average sound pressure level recorded.

In order to obtain the emission sound pressure level at a specified position, only background noise
corrections, K1 (K1a for A-weighted sound pressure level), shall be applied to the measured sound
pressure level, in accordance with the procedure of ISO 11201, accuracy grade 2 (engineering method)
(see 8.7.3); environmental corrections, K» (Kza for A-weighted sound pressure level), shall not be
applied.

NOTE1 Determination of whether the noise emission at the operator position or at the bystander positions
contains prominent discrete tones is specified in Annex D.
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Measurements of the C-weighted peak sound pressure level, Lycpeak, shall be carried out at the
microphone positions specified in 8.6 if any of the C-weighted peak sound pressure levels at the
specified positions exceed 120 dB.

NOTE 2  Some regulations require declaration of C-weighted peak sound pressure levels greater than 130 dB.
Contemporary ITT equipment is unlikely to emit C-weighted peak sound pressure levels, Lyc peak, greater than

120 dB, which is set in this document as a conservative threshold above which measurement and reporting are
required.

8.7.2 Measurement duration

The measurement duration shall be as specified in 7.7.2

8.7.3| Corrections for background noise
The rgquirements of ISO 11201, accuracy grade 2 (engineering method), shall be followed.
NOTE When the levels of the background noise in the test room are extremely low and very dontrolled, it is

possihjle that the environment satisfies the absolute and/or relative criteria for. background noisefin accordance
with IFO 11201, accuracy grade 2 (engineering method).

8.8 [Determination of emission sound pressure levels

8.8.1| Calculation of band emission sound pressure levels

The gmission sound pressure level, under reference myeteorological conditions, of the ¢quipment in
each pne-third-octave band within the frequency range of interest (see 3.2.11) is obtained by using the
procedures of ISO 11201, accuracy grade 2 (engineering method).

NOTE The procedures given in ISO 112Q01care used to determine the emission sound gressure level
underjreference meteorological conditions (ambient pressure 1,013 25 x 105 Pa, temperature 23 °C, relative
humidity 50 %).

The emission sound pressure level in the kth octave band, Lpoct, k, in decibels, if needed, shall be based
on onge-third-octave-band data, and calculated as per Formula (3):

3k
Lhoet x =101 Y, 10°7/%7 4B (3)
j=3k=2
whereg

k is@n'‘identification number of an octave band within the frequency range of infterest (see
Table 2);

Lpiy3j is the emission sound pressure level, in decibels, in the jth one-third-octave band (see
Tabie 3J;

j is an identification number lying within the range of (3k — 2) and 3k, and which identifies

the three one-third-octave bands which make up the kth octave band.

8.8.2 Calculation of A-weighted emission sound pressure levels from band levels

For the purposes of this document, A-weighted emission sound pressure levels, Ly, in decibels, can be
derived either directly from A-weighted sound pressure levels, or by calculation from one-third-octave-
band data using the A-weighting values for each band in accordance with the procedures of ISO 11201,
accuracy grade 2 (engineering method).

NOTE The procedures given in ISO 11201 are used to determine the emission sound pressure level
under reference meteorological conditions (ambient pressure 1,013 25 x 105 Pa, temperature 23 °C, relative
humidity 50 %).
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In the latter case, the A-weighted emission sound pressure level, Lpa, in decibels, shall be based on the
frequency range of interest, and calculated as per Formula (4):

21
Ly, =101g) 10
j=1

where

0,1(Lp1/3’j+A].)dB

Lp1/3,j is the emission sound pressure level, in decibels, in the jth one-third-octave band;

Aj

is the A-weighting value corresponding to the jth one-third-octave band from Table 3

J
Some ITT eq
of noise emi

power level”
levels are no

For the dete
does not exte

For equipme
tone(s) thati
with the pro

CAUTION —
A-weighted

8.8.3 Calc

If bystander
the mean ba
bystander pg¢

L, =101

where

meaq

N isth

d emission sound pressure levels, Ly, in decibels (reference: 20 uPa), if required,

s an identification number of one-third-octave band within the frequency range ofint

hlipment emits high-frequency noise in the 16 kHz octave band. Depending upon‘the 1
bsions, Table 4 shows how to handle each situation. For the purposes ofClatse 8, “
or “level” in Table 4 shall be replaced by “emission sound pressure“level”. The dg
F frequency weighted.

'mination of A-weighted emission sound pressure levels from band levels, this docy
nd the frequency range of interest.

ht which emits discrete tone(s) in the 16 kHz octave band, each frequency and level
5 (are) within 10 dB of the highest tone level in the band.shall be determined in accor
cedures specified in ISO 9295 (see Table 4).

level.

1lation of the mean emission sound pressure level at the bystander positions

positions are defined, the mean./A-weighted emission sound pressure level, Lpa

sitions defined in 8.6.2, shall.be calculated as specified in Formula (5):

1 il 0,1L
) pl
4 v E 10 dB
i=1

e band emisSion sound pressure level, in decibels (reference: 20 pPa), resulting from
surementat the ith bystander position;

e Humber of bystander positions.

(4)

)

erest.

ature
tound
rived

iment

of the
dance

The 16 kHz octave-band contribution is net.included in the determination ¢f the

, and
at the

6)

For the A-weighted emission sound pressure level, the symbols L, and Lp; are replaced by Lya and Lpa;,

respectively.

9 Measurement uncertainty

The uncertainties of sound power levels, u(Lw), in decibels, and emission sound pressure levels, u(Lp), in
decibels, determined in accordance with this document are estimated by the total standard deviation,

Otot, in decibels, as given in Formulae (6) and (7):

u(Ly )=

30

O'tot

(6)
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”(LP):Gtot

(7)

This total standard deviation is obtained by using the modelling approach described in ISO/
IEC Guide 98-3[10]. 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.

The guidance on the development of information on measurement uncertainty contained in the relevant
clauses of ISO 3741, ISO 3744, 1SO 9295 and ISO 11201 (only engineering method), as applicable, can be
used for this document.

the uncertainty due to the instability of the operating and mounting conditions of the-sour

deviation of
s, describing
ce under test

in acdordance with Formula (8):
2 2
Oltot =VO R0 T Oomc - (8)
For d¢termination of the total standard deviation, see Table 7.
Table 7 — Parameters to determine the totalstandard deviation
Megsurement | Quantity to be deter- | Standard deviation.ef 'Uncertainty due to the instability of the
method mined reproducibility, ogy* | operating and mounting c¢nditions of
the equipment under test, oo
(dlause 6 Sound power level See Table1a See relevant clause and annef of ISO 3741
(lause 7 Sound power level See Table 52 See relevant clause and annek of ISO 3744
or ISO 3745, as appli¢able
(lause 8 Emission sound pres- See Table 62 See relevant clause and annex of
sure level IS0 11201 (engineering mgthod only)
a  For details of the values of Tables 1, 5 and"6)see Reference [32].
If the| uncertainty of measurement. is to be reported, the expanded measurement unceftainty, U, in
decibgls, can be calculated from a¢o¢ as per Formula (9):
Ul= ko 9
The value of U depénds on the degree of confidence that is desired. In general, it is 9% %, and the

pract

F
W
0

cal examplescare as follows:

br a norimal distribution of measured values, there is 95 % confidence that the tr
ithirighe range (Lw - U) to (Lw + U) [or (Lp - U) to (Lp + U)]. This corresponds to a co
[ [="2.

ue value lies
rerage factor

If the purpose of determining the sound power level or emission sound pressure level is to compare
the result with a limit value, it can be more appropriate 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.

NOTE
(including statistical concepts, such as confidence level, coverage factor, normal distribution, etc.) are explained

in each of the relevant clause and annex of the basic noise emission standards (i.e. ISO 3741, ISO 3744, ISO 3745 or
ISO 11201), as applicable.

For each quantity to be determined (see Table 9), the details of determination of t
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10 Information to be recorded and reported

10.1 Information to be recorded

10.1.1 General

The information specified in 10.1.2 to 10.1.5 shall be recorded, when applicable. In addition, any
deviation from any requirement in this noise test code or from the basic noise emission standards (i.e.
ISO 3741 for Clause 6, ISO 3744 or ISO 3745 as applicable for Clause 7, or ISO 11201 for Clause 8) upon
which it is based shall be recorded together with the technical justification for such deviation.

All requiremlents for recording and reporting specified in the basic noise emission standardsar

requirement

10.1.2 Equipment under test

The followin

a) a descri
number
assembl

b) a complé
used and

c) acomplg

5 of this document. That is, the requirements below are necessary but not sufficient:

b information shall be recorded:

btion of the equipment under test (including main dimensions;“\name, model and
of each unit; name, model and serial number of noise-producing components ang
es in the equipment under test);

te description of the idle and operating modes, including operating speed, data mg
the test programme in terms that are meaningful for'the type of equipment being t¢

te description of the installation and mounting eotiditions;

d) the loca]ion of the equipment in the test environment;

e) theloca
f) the nomi

g) asample
filed as 1

h) astatemfent as to whether the ngise emission depends on room temperature, if known.

The followin

For each ops
(if defined) v
be recorded,
name of the

of the signal.
require that

ion and functions of an operator, if present;
nal power line frequency, in Hertz (e;g+50 Hz), and the measured power line voltage, in

of typical hardcopy output of the’product being tested, which, when applicable, shoi
art of the recorded data;

b information is given for recording the time signal.

rating mode, fo the operator position (if defined), otherwise for the bystander po
vith the highest A-weighted sound pressure level, the time signal of sound pressur
of at least,the measurement duration specified in 8.7.2, with relevant information
product-the test mode, the microphone position and the A-weighted sound pressurg
Dolby? or other digital noise reduction features shall not be used. This document do
Aseparate calibration signal be recorded. The bias information used in recording sh

e also

serial
sub-

dium
sted;

volts;

hld be

sition

e may
pf the

level

es not

all be

filed with th

time Signat data:

10.1.3 Acoustical environment

The following information shall be recorded.

a) Ifthe sound power level is determined in accordance with Clause 6 (ISO 3741):

1) a description of the test room, including dimensions, shape, surface treatment of the walls,
ceiling and floor; a sketch showing location of source and room contents;

2) adescription of diffusers, or rotating vanes, if any;

2) Dolby is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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3) qualification of reverberation test room in accordance with [SO 3741;

4) the air temperature, in degrees Celsius, relative humidity, as a percentage, and ambient
pressure, in kilopascals.

If the sound power level is determined in accordance with Clause 7 (ISO 3744 or ISO 3745):

1) adescription of the acoustical environment, if indoors, the size and acoustic characteristics of
the room, including absorptive properties of the walls, ceiling and floor; a sketch showing the
location of the equipment under test;

2) environmental correction, K, resulting from the acoustical qualification of the test
Environment in accordance with the relevant procedure of 150 3744, unless the environment
has been qualified in accordance with ISO 3745; in the case of conformance with-IS0 3745, this
fact should be stated;

3) the air temperature, in degrees Celsius, relative humidity, as a petcentage, pnd ambient

pressure, in kilopascals.

Fpr emission sound pressure levels at the operator and bystander:pesitions in accgrdance with
Clause 8 [ISO 11201, accuracy grade 2 (engineering method)]:
N

OTE1 The type of information below is the same as for sound power determination, just described, but
the values can differ from those recorded for sound power. If-the information recorded for] sound power
determination in accordance with the preceding paragraph is.applicable here, it is sufficient td so note in the
tgst file.

1) a description of the acoustical environment, if indoors, the size and acoustic charpcteristics of
the room, including absorptive properties of the walls, ceiling and floor; a sketch|showing the
location of the equipment under test;

2) environmental correction, K, resulting from the acoustical qualification [of the test

10.1.4 Instrumentation
The fpllowingsinformation shall be recorded:

a) epuipment used for the measurements, including name, type, serial number and manu

environment in accordance with'the relevant procedure of ISO 3744, unless the
has been qualified in accordance:with ISO 3745; in the case of conformance with |
fact should be stated;

NOTE 2 Environmentakcorrection, Ky, is not intended to be used to modify the measuy
is included as part of the test record as an indication of the quality of the measurement.

the air temperature, in degrees Celsius, relative humidity, as a percentage,
pressure, in kilopascals.

environment
SO 3745, this

ed values, but

hnd ambient

facturer;

b)

)
d)
e)
f)

© ISO 2018 - All rights reserved

bandwidth of frequency analyser [including a digital fast Fourier transform (FFT) analyser, if used
in Annex DJ;

frequency response of the instrumentation system;

method used for daily checking of the calibration of the microphones and other system components;
the date and place of any required periodic calibrations;

the test method used for determination of:

1) the mean time-averaged sound pressure level in accordance with ISO 3741 or the surface time-
averaged sound pressure level in accordance with ISO 3744,
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2)

the mean value of the emission sound pressure level at the operator or bystander positions, as
applicable, in accordance with ISO 11201.

10.1.5 Acoustical data

The following information shall be recorded.

a) Ifthe sound power level is determined in accordance with Clause 6 (ISO 3741):

1y

2)

3)

4)

5)

6)

7)

8)

9)

b) Ifthe soind power level is deteriminied in accordance with Clause 7 (ISO 3744):

1y

2)
3)

4)

5)

6)

7)

34

location and orientation of the microphone traverse (path) or array (a sketch should be included
if necessary);

the ¢orrections, if any, in decibels, applied in each frequency band for the frequency response
of the microphone, frequency response of the filter in the passband, background noijsé;.etc.;

the yalues of the difference between the sound power and sound pressure levels, produded by
the feference sound source (Lwr - Lpr), in decibels, as a function of frequency;

the pand sound pressure level readings, in decibels, rounded to at leasSt the nearest (,1 dB
(preferred) or 0,5 dB (required) for the calculations in accordance with-1SO 3741;

the §ound power levels in decibels (reference: 1 pW) in octave andjor one-third-octave Hands,
tabylated or plotted, rounded to the nearest 0,1 dB (preferred)of.0,5 dB (required);

the Jound power level in decibels (reference: 1 pW), under reference meteorological conditions,
in o¢tave and/or one-third-octave bands, tabulated or pletted to the nearest 0,1 dB (prefgrred)
or 0)5 dB (required);

the A-weighted sound power level in decibels (reference: 1 pW), rounded to the nearest (,1 dB
(preferred) or 0,5 dB (required);

the A-weighted sound power level in decibels{reference: 1 pW), under reference meteorolpgical
conditions, rounded to the nearest 0,1 dB;(preferred) or 0,5 dB (required);

the glate, time and place that the measurements were carried out, and the name of the person
who|carried out the measurements.

the §hape of the measurement surface, the measurement distance, the location and orienfation
of microphone positiens (including both key microphone positions and additional omes, if
required) or paths.used plus, if traversing microphones were used, the maximum traversing
spedd along a path and microphone orientation;

the grea, Sxinsquare metres, of the measurement surface;

the ¢orrections, if any, in decibels, applied to each frequency band for the frequency response

of the mir‘rnphnnn’ and the Frnqnnnry response ofthe filter in the pacchanr‘;

the background noise correction, K1 (A-weighted or in frequency bands), for the surface time-
averaged sound pressure levels;

the background noise level measured at each point and the average background sound
pressure levels;

the environmental corrections, K, (A-weighted or in frequency bands), and the method by
which they were determined in accordance with one of the procedures of ISO 3744;

the A-weighted surface time-averaged sound pressure level and the band surface time-
averaged sound pressure level, Lp , for each frequency band of interest, rounded to at least the
nearest 0,1 dB (preferred) or 0,5 dB (required);
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8) the sound pressure levels, Ly; (A-weighted or in frequency bands), at each measuring point, ;

9) the A-weighted sound power level, Lyya, and the band sound power level, Ly, for each frequency

band of interest, rounded to the nearest 0,1 dB (preferred) or 0,5 dB (required);

10) the A-weighted sound power level, Lyya, and the band sound power level, Ly, under reference
meteorological conditions, for each frequency band of interest, rounded to the nearest 0,1 dB

(preferred) or 0,5 dB (required);

11) the date, time, and place that the measurements were carried out, and the name of the person

who carried out the measurements.

QO

10.2

pT_€mission Sound pressure levels at the operator or bystander positions, as. gpplicable, in
rcordance with Clause 8 [ISO 11201, accuracy grade 2 (engineering method)]:

the measurement positions and microphone orientations (preferably including a gketch);

if an operator position is defined in accordance with 8.6.1, the A-weighted emfission sound

pressure level, Lpa, the band emission sound pressure levels, if required, and th
peak emission sound pressure level, Lyc,peak, if greater than 120.dB, measured at

b C-weighted
the operator

position(s), for both the idle and operating modes, in decibels,"founded to the n¢arest 0,1 dB

(preferred) or 0,5 dB (required);

if bystander positions are defined in accordance with*8.6.2, the A-weighted emlission sound

pressure levels at the bystander positions, the meanA-weighted emission sound p
Lpa, and the mean band emission sound pressurejevels, if required, calculated i
with 8.8.3, and the C-weighted peak emission@ound pressure level, Lyc peak, if
120 dB (see Note 2 to 8.7.1) at the bystandeér position with the highest A-weigh
sound pressure level, for both the idle and.éperating modes, in decibels, rounded t
0,1 dB (preferred) or (0,5 dB required);

Fessure level,
h accordance
greater than
fed emission
p the nearest

all emission sound pressure levels, in‘decibels, under reference meteorological copditions;

optionally, the frequency, in Hertz, of any prominent discrete tones identified ih accordance
with the procedures of AnnexD and the tone-to-noise ratio, ALt, and/or prominerice ratio, ALp,

as applicable, in decibels;.associated with that prominent discrete tone;

A-weighted backgrotind noise levels and background noise correction, Kia, at e

hch specified

position, and as réquired, background noise levels and correction, Ki, in frequency bands;

the date, timéand place where the measurements were carried out, and the name
who carried.gut the measurements.

of the person

The tgstTeport shall contain at least the following information.

a)

b)

© ISO 2018 - All rights reserved

Test report

A statement of whether the sound power levels and the emission sound pressure levels at operator
or bystander positions, as applicable, have been obtained in full conformity with the procedures
specified in this document, i.e. ISO 7779:2018, and ISO 3741, ISO 3744 or ISO 3745, as applicable,
and ISO 11201. Any deviation from any requirement of these International Standards shall be
reported, together with the technical justification for such deviation.

A statement that these sound power levels are expressed in decibels (reference: 1 pW), rounded to
the nearest 0,1 dB (preferred) or 0,5 dB (required) and that these emission sound pressure levels
are expressed in decibels (reference: 20 puPa), rounded to the nearest 0,1 dB (preferred) or 0,5 dB
(required).

A statement that “Measured values in this report are for use in planning or in determining declared
values. They are not to be confused with the declared values”.
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The name(s) and model number(s) of the equipment under test.

the idle mode and the operating mode(s) (reference: 1 pW).

The A-weighted sound power level, Ly, under reference meteorological conditions, in decibels, for

The sound power levels, Ly, under reference meteorological conditions, in decibels, in octave or

one-third-octave bands, if required, for the idle mode and the operating mode(s); the bandwidth
used shall be stated (reference: 1 pW).

If an operator position is defined in accordance with 8.6.1, the A-weighted emission sound pressure

level, Lya, and if required, the band emission sound pressure levels, under reference meteorological
conditions, in decibels (reference: 20 uPa), at the operator position(s) for the idle and operating modes.

d)

e)

f)

g)

h) If bystar
pressure
(referen
around t

i) A detailg
referenc

j)  For each|
uncertai
shall be

NOTE1 To

sound power

1 bel =10 dec

NOTE2 Fo

1S0 9296[3], a
on statistical
is divided by 1

Information
character of

1) no prom
2) promine

Items 1) ang
discrete tone
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der positions are defined in accordance with 8.6.2, the mean A-weighted emission
level, Lpa, and, if required, the mean band emission sound pressure levelsyin de
fe: 20 puPa), under reference meteorological conditions, at the positions spegified in|
he equipment for the idle and operating modes.

d description of operating and installation conditions of the equipnrent being tested
e to a specific subclause of ECMA-74, if applicable.

of the reported sound power levels or emission sound pressure levels, respectively,
Inty of measurement is required, the corresponding expanded measurement uncer

reported according to Formula (9).

avoid confusion between emission sound pressure lével in decibels (reference: 20 pP:
evels in decibels (reference: 1 pW), sound power level @an be expressed in bels, using the id
bels.

the determination of declared noise emission values for ITT equipment in accordancd
positive number is added to the average measured value in decibels of the sound power level
onsiderations to account for both random:théasurement errors and production variations; tH
0 and expressed in bels.

in a) to j) may be supplemented_by one of the following statements, which descril
Lhe noise as determined in accordance with Annex D:
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(normative)

Test accessories

A.1 Standard test table

ISO 7779:2018(E)

The design for the standard test table is shown in Figure A.1. The top of the table shalbpe of bonded
laminated wood, 0,04 m to 0,10 m thick, having a minimum area of 0,5 m2 and lateral dithensjons between
0,70 1n and 0,75 m. The height of the table shall be 0,75 m * 0,03 m. The table may-have a flot in its top
plate fo allow paper to be inserted for printers which feed the paper from undernéath their hottom cover.
Aslot]0,015 m by 0,400 m in lateral dimensions has been found practical for most printer paper.
Dimengions in metres
0,75
e3 7 7
o o
1
[Tal
rh-
7 7 <
71 _
2

Key
1 legs and braces: screwed and bonded

2 isolating pads

Figure A.1 — Standard test table

A.2 Typing robot

The typing robot shall be designed to operate a keyboard in the manner specified in this document.
The robot here described uses eight solenoids, each being individually adjustable to operate one of the

selected keyboard keys.
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The requirements for this robot are:
a) the noise of the robot shall meet the requirements for background noise of this document;

b) the stroke of each solenoid plunger shall fully release the key in its upper position and push it
completely down to its stop; a total stroke of 6 mm to 7 mm should be sufficient for most types of
keyboards, including typewriters;

c) the electrical input signal shall be a rectangular pulse of 50 ms duration, and of adjustable
amplitude;

d) the solenoid characteristics shall provide an increasing force during key-down motion, as shown in
Figure AfZ— a suitable design is shown in FIgure A.3;

e) the plunpger mass shall be 20 g + 1 g; its end shall be soft (e.g. closed-cell foam, 40 Shore @).

S

A complete operation of a single key includes the following three steps, which are shown-in Figurg A.

1) Home pdsition
The plurlger rests under its own weight with its soft end on the key.
2) Key operation

When excited by the solenoid, the plunger pushes the key down until'it has reached its stop pogition.
The adjulstment of the solenoid should give a plunger clearanceiof 1 mm; an appropriate markjat the
upper plhinger end facilitates this adjustment.

3) Keyreturn

The plunger is returned only by the key spring. Theplunger return stop shall be soft and allow a
maximufn overshoot of 0,5 mm; the plunger returns to its home position, resting on the key.

NOTE The specification is based on the desighof the robot described in Reference [14].
~ A

12 —

10

S |

Key

F  magnetic force, in N
h  stroke height, in mm
h, home position

he stop position

Figure A.2 — Solenoid characteristics for a plunger stroke of 4 mm
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Figure A.3 — Solenoid cross-section

Dimensions

—~— T—_
%D_

M~

in millimetres

a) Step 1 — Home position

b) Step 2 — Key operation

c) Step 3 — Key return

Figure A.4 — Individual steps of the solenoid operation
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Annex B
(normative)

Measurement surfaces

B.1 Hemispherical measurement surface

Refer to 1SO|3744 for the requirements for microphone locations and geometry of the hemisphlerical
measuremernt surface and microphone array, supplemented by the following additional condition$:

a) When uging fixed microphone positions, the microphone positions given in ISO 3744 for sdqurces
emitting discrete tones shall be used for all sources. The co-ordinates for this array are reprofuced
in Table B.1.

b) When uging the coaxial circular paths arrangement specified in ISO 3744,"it-is recommended fthat a
minimutn of 10 heights be used.

Other acceptpble alternatives are described in the relevant annexes of IS0 3745.

Table B.1 — Co-ordinates of microphone positions
for equipment emitting discrete tones

Position x/r y/r z[r
1 0,16 -0,96 0,22
2 0,78 -0,60 0,20
3 0,78 0,55 0,31
4 0,16 090 0,41
5 -0,83 0,32 0,45
6 -0,83 -0,40 0,38
7 -0,26 -0,65 0,71
8 0,74 -0,07 0,67
9 -0,26 0,50 0,83
10 0,10 -0,10 0,99

For the purpgses of tlis'document, for small equipment which emits very low level noise, a hemisphlerical
measuremer|t surface with a radius less than 1 m, but at least 0,5 m, may be used, provided thpt the
reduced radjus/is‘greater than or equal to twice the characteristic source dimension (specifjed in
ISO 3744). Ifthe’radius is reduced below 1 m, the lower end of the frequency range of interest begomes
higher. To minimize the near-field effects, the 0,5 m radius would have a corresponding lower frequency
limit of approximately 172 Hz (based on a requirement of one-quarter of the wavelength of sound at the
lowest frequency of interest). Additional information is given in References [15][16] and [17].

B.2 Cylindrical measurement surface

B.2.1 General

Figure B.1 illustrates the cylindrical measurement surface, having microphones located along the
side and top of the cylinder. The cylinder shall be centred around the reference box with the centre
of the cylinder's base corresponding to the centre of the reference box base. The dimensions of the
reference box, Iy, I, and I3, and the reference distances to the cylinder, d1, d3, and d3, are as shown. For
the purposes of this annex, the dimensional labels shall be assigned so that I1 = I5.
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B.2.2 Selection of size of cylindrical measurement surface

The microphone positions lie on the measurement surface, a hypothetical cylindrical surface enveloping
the source and having a total area, S, equal to the sum of the area of the top circular surface, Stop, and
the area of the side vertical surface, Ssige, as given by Formulae (B.1) to (B.3):

S=St0p+SSide (B.1)
2
Stop = TR (B.2)
Slige = 2TRh (B.3)
where
R is the radius of the cylinder, given by Formula (B.4)
11 12
R:?+d1:?+d2 (B4)
h[ is the height of the cylinder, given by Formula (B.5)
h{=1; +d, (B.5)

Due fo the fact that the microphones are associdted with unequal sub-areas, both d3|and d; may
be selected arbitrarily based on the size of théequipment under test or other considgrations. It is
recommended that both of these be set to thesame value, preferably 1 m, but neither shall be less than
0,5 m. Furthermore, none of the distances di, dz, or d3 shall be greater than 1,5 times |either of the
otherf (e.g. this condition is met for d and’d; provided d; = I1 - I). With d3 and dj selected, h and R are
defin¢d and d» defaults to

dy =R- 2 (B.6)

In certain cases, such.as)for large machines where I1 and I are of the same magnitiide, the side
micrdphones can pas$too close to the machine during their traverse even when the abovg constraints
are mlet. In view ofthis, the radius, R, shall be large enough such that the side microphones fremain more
than 0,25 m frompany corner of the reference box.

B.2.3 Selection of microphone positions on the cylindrical measurement surface

The microphones on the cylindrical measurement surface are associated with unequal $ub-areas, as
described in the following. It is strongly recommended that continuous paths (circular traverses) be
used for the microphones. However, if fixed microphone positions are used to sample over the circular
traverses, at least 12 equally spaced angular positions (i.e. at 30° spacing or less) shall be used. The
traverses may be implemented by either rotating the microphones, keeping the source stationary, or
rotating the source, keeping the microphones stationary.

The microphones on the cylindrical measurement surface are associated with unequal sub-areas,
as described in the following. The microphones are located along the top circular and side vertical
measurement surfaces of the cylinder and may either sweep out continuous paths (circular traverses)
along these measurement surfaces or be located at fixed positions on equally spaced “slices” of the
cylindrical vertical surface. It is recommended that continuous paths be used for the microphones for
sources emitting steady noise. Fixed microphone positions shall be used when the source emits non-
steady noise. However, for either steady or non-steady noise, if fixed microphone positions are used
to sample over the circular traverses, at least 12 equally spaced angular positions (i.e., at 30° spacing
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or less) shall be used, starting from an initial angular position perpendicular to one of the sides of the
reference box. The traverses may be implemented by either rotating the microphones, keeping the
source stationary, or rotating the source, keeping the microphones stationary. When fixed microphone
positions are used, the number of angular positions may be reduced if preliminary investigations for
a particular family of noise sources show that the surface sound pressure levels determined using
the reduced number of positions deviate by no more than 0,5 dB from those using the complete set of
positions. This can be practical, for example, when the pattern of sound emission from the source is
symmetrical.

The following requirements govern the number of side microphones, Nsige, the number of top
microphones, Niop, and the associated sub-areas:

a) Nside 2h / ho (B.7)

where h0 is det to 0,5 m to achieve adequate vertical sampling by limiting the spacing to@,5'm or less.

b) Nside 4 (B.8)

where Ry is det to 0,5 m to achieve adequate radial sampling by limiting Spacing to 0,5 m or less.

d) Niop 2[2. [B.10)
The vertical| side microphones are associated with equalssub-areas, S;, where S; = Sgige/Nsid¢, and
positioned syich that the ith microphone is at a height, from:the floor, h;, given by Formula (B.11):

i —1/2)h i
P Gt 22 (B.11)
N‘ide
The mean tifne-averaged sound pressure level over the side vertical measurement surface, Lp dide is
given by Formula (B.12):
N
1 e O‘le, side, i
Ly siqe 91018 PR L dB B.12)

side =1
where Ly sidd is the freqdenCy-band time-averaged sound pressure level, in decibels, measured|along
the ith micrdphone traverse or at the ith microphone position on the side surface.

The top micrpphongs are associated with unequal sub-areas, Sj, and are spaced equally along the fadius
of the top cirfular measurement surface. The outer radius of the jth sub-area is given by Formula (B.13):

R; = jR/Neop B.13)

and the position of each top microphone is given by Formulae (B.14) and (B.15):

ri=Rj1+ (Ri-Rj-1) /2forj>1 (B.14)
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(B.15)

The mean time-averaged sound pressure level over the top circular surface is given by Formula (B.16):

- 1 NtOp 0’1Lp top, j
Ly top =101g T D §;10 dB (B.16)
where
Ly +op 4 is the frequency-band time-averaged sound pressure level, in decibels, measured along the
jth microphone traverse or at the jth microphone position on the top circular,jneasure-
ment surface;
Stop is the total area of the top circular measurement surface.
_ 2 p2 .
S|, = n(Rj R]._l) forj>1 (B.17)
2
Sy = 7R} (B.18)
Figurp B.2 illustrates an example of the cylindrical microphone array for five vertical side microphones

and fi

B.2.4
meas

The 1

meas

Form

pur top microphones.

urement surface

irement surface, for the chosen mode-of operation of the equipment under test

hla (B.19):

0,1L 0,1L

1 t id
LozlolgE St0p1o p°p+Sside10 pside 1 dB
where S, Lp’top and Lp,side are given by Formulae (B.1), (B.16) and (B.12), respectively.
NOTE[1  The quantity Lp above is equivalent to the quantity L;(ST) in ISO 3744; i.e. the qy

subse

averag

NOTE

Referg

huently corréeted for background noise and the test environment before computing the
red soundpressure level.

2 Additional details
nces[18],[19] and [20].

about the cylindrical measurement surface can bd

Calculation of the mean time-averaged sound pressure level over the cylindrical

hean time-averaged sound pressure levelfrom the array of microphones over thle cylindrical

is given by

(B.19)

antity that is

surface time-

found in
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Key
1to6 sid¢ microphone paths

7to9 top[microphone paths

10 refdrence box

11 reflpcting plane

dy, dp, d3 refdrence distances to the cylinder
h cylinder height

I1,1,13  refdrence box dimensious

R cylinder radius

Figure B.1 — Exaniple 1: illustration of the cylindrical measurement surface and cylindrical
microphone array showing the arrangement using six side microphones and three tof
microphones
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1 axis of rotation efunicrophone traversing mechanism
2 dlmensions of eorresponding areas of cylinder
3 ldcations of'microphone traverses
h  cylinderheight
R  cylinder radius

Figure B.2 — Example 2: illustration of the cylindrical measurement surface and microphone
array showing an arrangement using five side microphones and four top microphones
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Annex C
(normative)
Installation and operating conditions for specific equipment

categories

This annex specifies installation and operating conditions for many specific categories of equipm
reference to ECMA-74, which gives such details.

ent by

During testihg of such equipment, the conditions shall be satisfied in order to comply-with this
document. When possible, the conditions specified in ECMA-74 are considered to be typical of average
end use. They are specified with a view to facilitating the operation of the equipment and enhancing the
reliability ofthe acoustical measurements.

For the purposes of conformity with this document, all the requirements~specified in ECMA-74
mentioned apove are also mandatory. However, any reference to ECMA-108[12] and ECMA-109|13] in
ECMA-74 shdll be replaced by reference to ISO 9295 and ISO 9296(3], respectively.

For categorigs of equipment not covered in ECMA-74, the actual test égnditions used shall be desdribed
and justified|in the test report. If test modes and product operation-are in accordance with ECMA-74,
both the dat¢ and edition of ECMA-74 shall be included in the test'report.
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Annex D
(informative)

Identification and evaluation of prominent discrete tones

D.1 Scope

This 4
discré

nnex describes two procedures for determination of whether noise emissions corita
bte tones: the tone-to-noise ratio method and the prominence ratio method.

n prominent

Discr

from
89,1 K

All of
corre

NOTE
or the
attem

applie]

Declaﬁ

whet
anne;
to thi
either

bte tones occurring at any frequency within the one-third-octave bands having centr
100 Hz to 10 000 Hz can be evaluated by the procedures in this annex (ise\ discrete td
[z and 11 220 Hz inclusive, referred to the discrete tone frequency range of interest, he

the requirements of the test environment (see 8.3) apply. However, for the purposes
Ctions neither for background noise, K1, nor for test environment, K>, apply.

1  Since some ITT equipment emits discrete tones in the 16, kHz octave band, the tone
prominence ratio can be computed for these tones in accordance with the procedures in t

bt to quantify their relative levels. However, the prominenge criteria in either D.9.5 or D.1
d, since there is no supporting psychoacoustical data on such high-frequency discrete tones.

ation of product noise emissions in accordance with ISO 9296I[3] offers the opti
er there are prominent discrete tones in the hoise emissions of a product, as detern]
. Other standards, or other test codes relating to products besides ITT equipment, ¢
s annex for the declaration of prominent discrete tones. For the purposes of such
the tone-to-noise ratio method or the prominence ratio method may be used, unle

e frequencies
nes between
reafter).

bf this annex,

to-noise ratio
is annex in an
0.6 cannot be

bn of stating
hined by this
an also refer
declarations,
ss otherwise

specified in the standard or test code.
NOTE
bands
tones

2 The tone-to-noise ratio methed can prove to be more accurate for multiple tones in ad
for example when strong harmonics exist. The prominence ratio method can be more effecti
within the same critical band-and is more readily automated to handle such cases.

jacent critical
be for multiple

D.2

Althopgh this annéex+s informative, it contains requirements for fulfilment when its prpcedures are
refer¢nced normatively by another standard or test code. These requirements are generally identified
throulgh the use/of the prescriptive word “shall”.

Annex status

D.3 [Psychoacoustical background

A discrete tone which occurs together with broad-band noise is partially masked by that part of the
noise contained in a relatively narrow frequency band, called the critical band, that is centred at the
frequency of the discrete tone. Noise at frequencies outside the critical band does not contribute
significantly to the masking effect. The width of a critical band is analytically expressed as a function
of frequency (see D.8). In general, a discrete tone is just audible in the presence of noise when the
sound pressure level of the tone is about 4 dB {2 dB to 6 dB, depending on frequency (Reference [21])}
below the sound pressure level of the masking noise contained in the critical band centred around the
tone. This is sometimes referred to as the threshold of detectability. For the purposes of this annex, a
discrete tone is classified as prominent when using the tone-to-noise ratio method if the sound pressure
level of the tone exceeds the sound pressure level of the masking noise in the critical band by 8 dB for
tone frequencies of 1 000 Hz and higher, and by a greater amount for tones at lower frequencies. This
corresponds, in general, to a discrete tone being prominent when it is more than 10 dB to 14 dB above
the threshold of detectability. When using the prominence ratio method, a discrete tone is classified as
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prominent if the difference between the level of the critical band centred on the tone and the average
level of the adjacent critical bands is equal to or greater than 9 dB for tone frequencies of 1 000 Hz and
higher, and by a greater amount for tones at lower frequencies. Reference [22] provides the basis for
these criterion values.

D.4 Microphone position(s)

If the equipment has an operator position, the measurements shall be performed at the operator
position defined in 8.6.1. If there is more than one operator position, the measurements described in the
following shall be performed at the operator position with the highest A-weighted sound pressure level.

If the equipnent has no operator position, the measurements to determine the tone-to-noise

or promine
A-weighted g
levels within

When the m
paragraphs s

For sub-asse
shall be perf

For sub-asse|
the operatin
the highest 4
sound press
hemispheric
possible thaf
measuremern
measuremer
such cases, t
and enough
positions sh{

If multiple m
highest valu

corresponding microphone position for each, shall be reported.

D.5 Instrumentation

A digital fast
microphone

The analyse

e ratios shall be performed at the bystander position defined in 8.6.2 with the.h
ound pressure level and at all other bystander positions having A-weighted sound pre
0,5 dB of the highest one.

ethods of this annex are to be applied to sub-assemblies, the conditions'in the nex
hall be used.

mblies intended for use in equipment with a defined operator position, the measury¢
prmed at the operator position (see 8.6.1).

ratios
ghest
ssure

t two

bment

mblies intended for use in equipment which does not réquire operator attention w

ire levels within 0,5 dB of the highest. For small, low-noise sub-assemblies neeq
h] measurement surface with a radius equal toor less than 1 m (see 5.1.7 and B.1
the signal-to-noise ratio is not sufficient atthe bystander positions. In such case
ts may be performed at selected microphone positions from Table B.1 on the hemisph
t surface itself (even if the sound power.determination is done without fixed positio}
he radius of the hemisphere, the co-exrdinates of the microphone positions from Tah
information to uniquely identify thle equipment orientation relative to the microj
1l be reported.

icrophone positions are used to perform the measurements described in this anng
es computed for tone-ta-noise ratio (see D.9.4) and prominence ratio (see D.10.5), ar

Fourier gransform (FFT) analyser capable of measuring the power spectral density
signal shall be used for the measurements of this annex.

r-shall have RMS averaging (linear averaging, rather than exponential aver:

capabilities,

b mode, the measurement shall be performed at the bystander position (see 8.6.2] with
\-weighted sound pressure level and at all other bystander positions having A-weighted

tle in

ing a
, it is
s, the
erical
1s). In
le B.1
bhone

X, the
1d the

of the

ging)

2 ”anning time window function an unner Frnqnnnr‘y limit hich nnnngh to
= BRaoW—HdheHoen—a ¥ Heh HEa—+

allow

computing the quantities required herein for the particular discrete tone under investigation, and an
FFT resolution less than 1 % of the frequency of the tone.

For the tone-to-noise ratio procedure (see D.9), experience has shown that an FFT resolution of 1 % of
the frequency of the discrete tone under investigation is occasionally insufficient to properly resolve
the tone. Therefore, for application to the tone-to-noise ratio procedure, an FFT resolution of 0,25 % or
better is recommended (see Reference [23]).

The microphone output signal fed to an FFT analyser shall meet the requirements for sound level
meters specified in IEC 61672-1, class 1. Because the procedures of this annex include the option of
working directly in terms of sound pressure levels, the FFT analyser (or, alternatively, the software
used for post-processing of the FFT data) should allow calibration directly in terms of sound pressure
levels in decibels (reference: 20 uPa).
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No frequency weighting function (e.g. A-weighting) shall be applied to the analyser input signal.

The FFT analysis shall use a sufficient number of averages to provide an analysis time satisfying the
requirements of 8.7.2.

D.6

Initial screening tests

D.6.1 General

Discr
of the
noise
canb
for so
audib,
shall

a) i
t

b)

Screening test for audibility of discrete tone(s) in noise generally well
hold of hearing

bte tones should only be classified as prominent if they are, in fact, audible in the no
equipment under test. For the purposes of the screening test, it is assumed that t
being measured is well above the threshold of hearing. Discrete tones or tonal co

e present in the noise emissions are occasionally not audible due te‘masking by the
e other reason (e.g. the tones can be harmonics of a lower fundamental tone and nof

E). Therefore, an initial aural examination of the noise emitted from the equipme

be made at the specified microphone position, with the fgllowing cases applied.

one or more discrete tones are audible, then the meastuirement procedures of this an}
e tone-to-noise ratio or prominence ratio, or bothgshall be carried out for each audih

no discrete tones are audible in the noise emissions, and there is a high degree of
is conclusion, the procedures of this annex¢may not be carried out and a statemen

apdible discrete tones” or “no prominent discrete tones” may be included in the test re

T »wWo S o o =

NOTE
used d

Any d
meth
respe

there is doubt as to whether a discrete tone is audible in the noise emissions (e
gineer has a hearing loss or is pot'a trained or experienced listener), then other, m
idence should be sought. For this purpose, a preliminary FFT analysis shall be
ise emissions at the specified microphone position(s). If the spectrum indicates
potentially audible discrete tones or tonal components (i.e. if the spectrum shows

above the

se emissions
level of the
ponents that
joise itself or
individually
ht under test

nex for either
le tone.

onfidence in
k such as “no
port.

g. if the test
bre objective
taken of the
the presence
one or more

arp spikes), then the measurement procedures of this annex for either the tone-to-poise ratio or

ominence ratio, or.both, shall be carried out for each potentially audible tone.

The aural exafmination in cases a) and b) can be bypassed, and the preliminary FFT ana
irectly as thisscreening test for the audibility of discrete tones.

iscrete tone that is determined to be prominent in accordance with either the tone-t
bd or the*prominence ratio method shall also meet the audibility requirements of D.|
ctively.

ysis of case c)

0-noise ratio
D.8 or D.10.8,

D.6.

Screening test tor audibility of discrete tone(s) in noise near the thresh

hearing

old of

If the noise emissions to be analysed for the presence of prominent discrete tones are extremely low
in level such that either the noise itself or any discrete tone occurring in the noise is near or below
the threshold of hearing, the following screening test shall be applied. An FFT spectrum of the noise
emissions at the specified microphone position(s) shall be acquired in accordance with either D.9.1 or
D.10.1, as applicable. The FFT spectrum shall be calibrated in terms of sound pressure level in decibels
(reference: 20 pPa) following the machine manufacturer's instructions for the particular FFT analyser
in use. The following cases apply.

a) If the sound pressure level, L; (see D.9.2, and if applicable, D.9.6), of a discrete tone or tonal
component to be evaluated for prominence falls below the lower threshold of hearing (LTH), P1(f),
as defined in D.7.1 and calculated at the frequency of the tone by Formula (D.1), it is assumed to be
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inaudible, and the procedures of this annex may not be carried out. A statement such as “no audible

discrete

b)

tones” or “no prominent discrete tones” may be included in the test report.

If the sound pressure level, L; (see D.9.2, and if applicable, D.9.6), of a discrete tone or tonal

component to be evaluated for prominence is less than or equal to P1(f) + 10 dB, as calculated at
the frequency of the tone by Formula (D.1), it is assumed to be not prominent, and the procedures
of this annex may not be carried out. A statement such as “no prominent discrete tones” may be

included

in the test report.

Figure D.1 shows both the P1(f) and P1(f) + 10 dB curves.

NOTE

For most ITT equipment that contain cooling fans, even for small, relatively quiet products, the noise

levels are wel
end-use prodt
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ct, such as small disk drives, the levels can, in fact, be below the threshold of hearing andthe
cedure is applicable.

pte tones and noise emissions near the threshold of hearing

pr threshold of hearing

itely a normal distribution. The 50-percentile distributionvalues have been standar
1] as a function of frequency and termed the “reference thteshold of hearing”.

pses of this annex, the threshold of hearing that corresponds to the 1-percentile distrik
he “lower limit” of the hearing threshold) is moge‘suitable. This may be termed the
hearing (LTH). The sound pressure level at,frequency f corresponding to this [
bm Formula (D.1).

4 3 2 1
a, f"" +a,f” +agf'“ +a,f" +a.dB

is the sound pressure level that corresponds to LTH;

are the pelynomial coefficients given in Table D.1;

f std

is located;

is€hgnon-dimensional parameter calculated from the values in Table D.1;

above the threshold of hearing. However, for certain components evaluated separately from their

above

rmal hearing thresholds have shown that the measured thresholds vary about a mear level

dized

ution
lower
TH is

(D.1)

is a frequency parameter given in Table D.1 for the frequency range in which f
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Table D.1 — Parameters for calculation of P1(f)

f fmean fstd a a a a a
Hz Hz Hz ! 2 3 * >
20 <f< 305 167,5 |873212| 1,415532 | -2,451068 | 1,498869 | -6,983 224 8,621 226

305<f<2230 11575 | 488,582 | 0,397994 |-0,891839 | -0,815138 | -1,221 319 -7,600 754
2230<f<14000 | 7250,0 |3033,25| 1,584978 | -2,766 599 | -6,906 192 | 10,138 553 -3,149 339
14 000<f<22050 |16990,0 | 4049,0 | -5,775593 | -9,200 034 | 26,591 15 52,167 12 |15,615 52048

NOTE The sound pressure level P1(f) defined in Formula (D.1) represents the threshold of hearing that

only 1Ir%toftrdividuats haviug TToTTTa rear 1115 wouldbe cApcutcd totrear—Tormut= |ID.1‘| TTpresStr ts a 4th order
polyngmial fit to data collected and tabulated in Reference [27] to estimate the LTH at a given, frequency for the
purposes of this annex. To improve the fit over a wide frequency range, four different polyfiemidls are used to
cover fhe range of frequencies between 20 Hz to 22 kHz (Reference [24]).
o
e
20
3
10 /
0 /
/ 7\ //
~10 i A . |l
-20 H | \ | ) I
-30 ! — L |
1
-40 ‘ ‘ ‘ ‘ ‘ ‘ ‘ >
0 2000 4000 6 000 8000 10 000 12 000 14 000 16 000
//Hz
Key
FFT spectrdm
LTH, P{f)
LTH, P+(f) + 10 dB

f fr uiucu\._y
L, sound pressure level (reference value: 20 pPa)

Figure D.1 — Lower threshold of hearing curve, P1(f) and P1(f) + 10 dB curves illustrated for the
analysis of low-level discrete tones

D.7.2 Normalization of noise near threshold of hearing

For low-level sound, the sound pressure level of one or more data points in the FFT spectrum may fall
below the LTH, as defined by Formula (D.1). If calculations are performed using the as-measured sound
pressure levels, very high values of tone-to-noise ratio or prominence ratio can be obtained, which
sometimes does not correspond to subjective impressions of the sound. If, however, the sound pressure
level at each data point is adjusted to be equal to the value of the LTH, the total sound pressure level
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in each critical band can be overstated, leading to unrealistically low values of tone-to-noise ratio or
prominence ratio. For such low-level sounds, a normalization of the FFT spectrum is required so that
the masking noise level (for tone-to-noise ratio) or the total levels in the lower, middle and upper critical
bands (for prominence ratio) reflects the correct psychoacoustic value. The threshold of hearing based
on one-third-octave bands of white or pink noise can be more appropriate for this normalization, rather
than the LTH defined above, which is based on pure discrete tones.

NOTE At the time of publication of this document, such a normalization procedure is not standardized yet.

D.8 Critical bandwidths

The width df the critical band Af;, centred at any frequency fo, in Hertz, can be calculated|from

Formula (D.4):
0,69

2
Af,=25)0+75,0x| 1,0+1,4% Jo_ (D.2)
1000

EXAMPLE Afc=162,2 Hz for fo =1 000 Hz and Af. = 117,3 Hz for fp = 500 Hz. See Reference [25].

For the purpposes of this annex, the critical band is modelled as an ideal rectangular filter with ¢entre
frequency fp]lower band-edge frequency f1, and upper band-edge frequexicy f2, where

fo—f1=Af. (D.3)

For 89,1 Hz g fop < 500 Hz, the critical band approximates a*Constant-bandwidth filter, and the pand-
edge frequer]cies are computed as per Formulae (D.4) and (D.5):

A
f1=fo % (D.4)
and
fo=fof e (0.5)

For 500 Hz |< fo < 11 200 Hz, the critical band approximates a constant-percentage bandwidth
filter, where

fo=Fi|f2 (D.6)

and the band-edge frequencies, in Hertz, are computed from Formulae (D.3) and (D.6) as follows:

AFLA(Af ) +4fo?

f1= ZL"" > (D.7)
and
A
fa=fot gc (D.8)

NOTE Although Formula (D.2) for the width of the critical band is well-known and widely used, formulae
for the corresponding band-edge frequencies have not been formally derived. Given the behaviour of the critical
band below and above 500 Hz, however, the assignment of the band-edge frequencies in accordance with
Formulae (D.7) and (D.8) seems to be logical. That is, for constant-bandwidth filters, the lower and upper band-
edge frequencies are arithmetically related to the centre frequency, whereas for constant-percentage bandwidth
filters, they are geometrically related.
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For the purposes of determining tone-to-noise ratio of the discrete tone frequency range of interest (see
D.1), the procedure of this annex permits to use FFT data f; < 89,1 Hz and f > 11 200 Hz.

D.9 Tone-to-noise ratio method

D.9.1 Measurement using FFT analyser

The operating procedures for the FFT analyser shall be followed to acquire the power spectral density
(or sound pressure level) of the signal at the measurement position (see D.4), for the same mode(s) of
operatlon and measurement condltlons as used for the measurements 1n 8.7 7 employmg the Hanning

: A-weighting,
i¢ient number
ith the centre
bte tone, and
width of the

-square value
mean-square
f determining
and absolute
er, calibration
obtained. The
square sound

the tohe-to-noise ratio, AL, the units of the measured power spectral‘density are not important
calibration of the analyser to some reference value (such as 1 V or 20\uPa) is unnecessary. Howey
of thelinstrument in units of pascals squared enables sound pressuré level quantities to be readily
proceglures in this annex assume this calibration and the text.is’written in terms of the “mean
pressure”, but to indicate that any quantity can be used, the symbol that has been chosen is “X*.

D.9.2 Determination of discrete tone level

the discrete
mean-square
band, Aft, in

The n
tone,
soung
Hertz
band,
for t

hean-square sound pressure of the discrete tone, X;, (or the sound pressure level of
L) is determined from the FFT spectrim measured as in D.9.1 by computing the
pressure in the narrow band that-“defines” the tone. The width of this frequency|
is equal to the number of discrete data points (“the number of spectral lines”) in¢luded in the
times the resolution bandwidth”(“line spacing”). If the width of the frequency bpnd selected
e purpose of computing Xi«(Or L) is greater than 15 % of the width of the critical hand centred

at thg frequency of the discrete tone, the FFT analysis should be repeated with a small
bandyvidth. A discrete tone bandwidth that remains greater than 15 % of the critical b
repeated FFT analyses with smaller resolution bandwidths can indicate that the tone

er resolution
and through
s not steady

in frequency, or some, other phenomenon. In this case, the following procedure may prodeed with the

discre¢te tone bandwidth greater than 15 % of the critical band.

For the determination of the mean-square sound pressure of the discrete tone (or sound pressure level
of the discretétone) for multiple tones in a single critical band, see D.9.6.

CAUTION < Too narrow a bandwidth selected for Af; to delineate the discrete tone, especially
whern automated procedures are being used, can result in underestimation of the mean-square
sound pressure of the tone (or the sound pressure level of the discrete tone) and overestimation
of the mean-square sound pressure of the noise (or the sound pressure level of the noise). See
D.9.3. If the band is too wide, masking noise or secondary tones can be erroneously included
with the discrete tone computations and omitted from the noise computation.

D.9.3 Determination of masking noise level

For the purposes of this annex, the mean-square sound pressure of the masking noise, Xy (or the sound
pressure level of the masking noise, Ly), is taken as the value determined using the following two-step
procedure.

The first step is to compute the total mean-square sound pressure (or the total sound pressure level) in
the critical band. The width of the critical band is determined from Formula (D.2) with fj set equal to
the frequency of the discrete tone under investigation, f;, and with lower band-edge frequency f1 and
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upper band-edge frequency f7 as given in either Formula (D.4) and Formula (D.5), or Formula (D.7) and

Formula (D.8).

From the FFT spectrum, the total mean-square sound pressure of the critical band, Xiot (or the total
sound pressure level of the critical band, Lot), is computed. Depending on the particular instrumentation
used, this may be performed on the FFT analyser itself using band cursors, on an external computer
using appropriate software or by some other means. In any event, the width of the frequency band used
to compute this value, Afiot, in Hertz, is equal to the number of discrete FFT data points included in the
band times the resolution bandwidth.

The second step is to calculate the masking noise mean-square sound pressure, X, (or the sound
pressure level of the masking noise, L), from Formula (D9):

A
an(Xtat_Xt)¢ (D.9)
Aftot _Aft
or, when woiking with sound pressure levels, Formula (D.9) becomes:
A
L, =101g(10% et —10%1Lt)1101g _ B g D.10)
Aftot _Aft

For the deteimination of the mean-square sound pressure of the maskingnoise (or the sound prgssure
level of the njasking noise) for multiple tones in a critical band, see D.9)6:

NOTE Formula (D.9) [or Formula (D.10)] accounts for both the fa¢t.that the FFT analyser bandwidth| Afiot,
used to compute Xior (or Liot), may not be exactly equal to the critical bandwidth, Af;, and the fact that the
calculated npean-square sound pressure (Xt - Xi), [or'‘the calculated sound pressure | level,

10 lg(lOO'lLto —10%1 ) dB] does not include the noise contained in the narrow band, Af;.
D.9.4 Detdrmination of the tone-to-noise ratio

The tone-to-hoise ratio, ALt, in decibels, is calculated from Formula (D.11):

X
AL :101gX—tdB D.11)

n

or, when woiking with sound pressure levels, Formula (D.11) becomes:
ALt =L-L, dB D.12)

For the deteymination of;the tone-to-noise ratio for multiple tones in a critical band, see D.9.6.

D.9.5 Prominent.discrete tone criteria for tone-to-noise ratio method

A discrete tdne’is classified as prominent in accordance with the tone-to-noise ratio method if ¢ne of
the following conditions is met:

1000

AL, 28,0dB+8,33><lg[ ]dB for 89,1 Hz < fy < 1 000 Hz (D.13)

t

AL, >8,0dB for 1 000 Hz < f; < 11 200 Hz (D.14)

and the discrete tone meets the audibility requirement of D.9.8. The criteria in Formula (D.13) and
Formula (D.14) are illustrated graphically in Figure D.5.
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