IEC 60645-1:2017-03 RLV(en)

IEC IEC 60645-1

o
®

Edition 4.0 2017-03
REDLINE VERSION

INTERNATIONAL
STANDARD

&
X\
P
(0,'\’ @
@b‘
Q
©
O
N
O

Elegtroacoustics — Audiometric equipment — (<
Part 1: Equipment for pure-tone and speec diometry



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About|the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and, publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you hgve the
latest gdition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue Electropedia - www.electropedia.org

The s$tand-alone application for consulting the entre  The world's leading online “dictionary of electronic and
bibliogfaphical information on IEC International Standards, electrical terms containing\20 000 terms and definitjons in
Technical Specifications, Technical Reports and other  English and French, with equivalent terms in 16 adflitional
documents. Available for PC, Mac OS, Android Tablets and languages. Also knoéwn as the International Electrotefhnical
iPad. Vocabulary (IEV)online.

IEC pyblications search - www.iec.ch/searchpub IEC Glossary-=std.iec.ch/glossary

The adlvanced search enables to find IEC publications by a 65 000 electrotechnical terminology entries in English and
variety] of criteria (reference number, text, technical  French-extracted from the Terms and Definitions clgquse of
commiftee,...). It also gives information on projects, replaced  IEC publications issued since 2002. Some entries have been
and wifhdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and
IEC Jyst Published - webstore.iec.ch/justpublished PR

Stay t}a to date on all new IEC publications. Just Published¢>, IEC Customer Service Centre - webstore.iec.ch/csc
details| all new publications released. Available online and\~ If you wish to give us your feedback on this publication or
also orce a month by email. need further assistance, please contact the Customer $ervice

Centre: csc@iec.ch.



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

INTERNATIONAL
STANDARD

IEC 60645-1

Edition 4.0 2017-03
REDLINE VERSION

¢

colour
inside

Ele
Par

ctroacoustics — Audiometric equipment —
t 1: Equipment for pure-tone and speech{audiometry

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 17.140.50

ISBN 978-2-8322-4111-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

-2- IEC 60645-1:2017 RLV © IEC 2017

CONTENTS

FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 6
LN I 2 1 1 L N 1 S 8
1 1T o 1= S 10
2 NOrMative referENCES ... e 10
3 Terms and definitioNs ... 12

4  Requirements-forspecific-types-of-fixed-frequency by type and class
pfgudiometer—————— ...16
5 Seneral reqUIrEMENTS .. o e B ...18
5.1 General safety requirements ... A ...18
5p Acoustic safety requiremMents ........coooiiiiiiiiii T N ...18
5B Environmental conditions ...........cooiiiiiiiiii e W .18
54 Warm-up time ... e ot ...18
5.pb Power supply variation ..o ...18
5.5.1 Interruption of power SUPPIY .o G ...18
b.5.2 Mains operation........ccooviiiiiiii L L ...18
b.5.3 Battery operation .........ooooiiiiii i NS ...18
b.5.4 Other power SUPPHES ..o O e ...19
5. Electromagnetic compatibility..........coiri i ...19
5.F Unwanted soUNd ..o S .19
b.7.1 GENEIAL .. N e .19
b.7.2 Unwanted sound from and betwgen any combination of transducers.......... .19
b.7.3 Unwanted sound from an earphone ....... ..o ...19
b.7.4 Unwanted sound from a bone vibrator...............cooiiiiiiii ...20
b.7.5 Unwanted sound radiated by an audiometer .............cooooiiiiiiiiii, ...20
5.8 Testing of automatic-recarding audiometers...........ccccooiiiiiiiiii i ...20
5P Interface CoONNECHIONS i . e e ...20
6 eSSt SIgNAIS .o e ...20
6.1 SPEECH SIGNAISN ...t ...20
5.1.1 Speech_signal general requirements ...........coooiiiiiiiiiiiiii ...20
5.1.2 Free-field equivalent earphone output level ..., ...20
5.1.3 Uncorrected earphone output level ... ...21
b.1.4 Loudspeaker output [eVvel ... ... .21
5.1,9 Bone vibrator output level ... ...21
B N6 Speech signal freqQUENCY FESPONSE .....iuiiiiiiii i ... 21
6.1.7 Calibration signal.... ... 21
6.1.8 Live voice microphone freqUeNnCY reSPONSE......cc.uiiuniiiiiieiiieii e 22
6.1.9 Scale reference and output level.........ccoiiiiiii 22
6.1.10 Distortion requirements for speech signals ... 22
6.2 P U L0 S L 23
6.2.1 Frequency range and hearing level range ..o 23
6.2.2 Frequency-accuracy acceptance limitsS.....oooivi i 24
6.2.3 Total harmonic distortion ... ... 24
6.2.4 Rate of frequency change ... 25
6.2.5 Frequency modulation ... 25
6.3 External signal SOUMCES ... .o.u i 25
6.3.1 ST o [ =1 PP 25


https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

IEC 60645-1:2017 RLV © IEC 2017 -3-

6.3.2 FreqUENCY FESPONSE .. e e e e 26
6.3.3 Playback device iNPpuUt ... ... 26
6.3.4 Signal-to-noise ratio for playback device input.............ccoooiiiiiiii 26
6.3.5 Electrical Sensitivity ... 26
6.3.6 Reference level for external signal SOUrCe ..........ccoovviiiiiiiiiiiiiiieee e, 26
6.4 Operator and test subject speech communication ..., 26
6.4.1 (T 1= = | PP 26
6.4.2 Operator to test subject speech communication(talk-forward) ........................ 27
6.4.3 Test subject to operator speech communication(talk-back) ............ccooceiiennien. 27

.44 Operator to test subject speech communication for lIVE VOICE Speech
AUAIOMEBIIY ot .27

5.4.5 Test subject to operator speech communication for vocal response

speech audiometry ... e N e .27
6.p MaSKING SOUNG ... ccuuiiiiiii e Y N e .27
5.5.1 GeNEral ..o NG .27
5.5.2 Narrow-band NOISe .......ooeiiiiiiiii e b D ...28
5.5.3 Speech weighted NoiSe........ccooviiiiiiiiiii @O ...30
5.5.4 Other masking sound.........ccoooeiiiiiiiiiiii e ...30
7 [raNSAUCEIS ..o A ST ...30
71 Types of tranSAUCErS ... e ...30
7.P Headband ..., ...30
7B LoudsSpeaker . ..o DN ...30
8 Signal 1evel CONTIOL ... oo e e e e e ...30
8.1 Marking of pure-tone and speech signal level controls ..o, ...30
8.p Signal iINAICAtOr ... N .31
8.B Aecuracy-of Sound pressure level and vibratory force level acceptance limits ...[...31
8.4 Hearing Signal level controly s . .32
B.4.1 Manual audiometers i .. ..o .32
B.4.2 Automatic-recording audiometers ... ... .32
B.4.3 Acecuracy-of §ignal level control acceptance limits .........coocoviiiiiiiininenn. ...32
8.p Masking sound.level CONtrol..... ..o ...33
B.5.1 7= 1T - PP ...33
B.5.2 Masking SOUNA 1@Vl ... .33
B.5.3 Aesuracy-of Masking sound level acceptance limits ..., ...33
B.5.4 Masking sound 1€VEel Frange ........c.oiuiiiiiiii e ...33
8.p FoRe Signal SWItCIING ... ...33
B.6.1 TFene Signal switch for manual audiometers..........co.cooiiiiiiiiiiiicieen ...33
3.6.2 Omfoff ratio formmanuataudiometers T 34
8.6.3 Rise/fall times for manual audiometers ........ ..o 34
8.6.4 Automatic pulsed presentation ..o 34
8.6.5 Subject’s resSpoNSE SYSIEM ... 35
8.6.6 Subject’s response time for automated test procedures ............coceeeiiiiinnnnn. 35
9 RE EIENCE 10N .. e 35
9.1 LT a1 =Y PP 35
9.2 Yo LU Y oo 1= 35
9.3 Reference tone level CONrol ... ..o 36
9.3.1 RN G e 36
9.3.2 N IV aLS Lo 36

9.3.3 Y= T T S 36



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

-4 - IEC 60645-1:2017 RLV © IEC 2017

9.3.4 Accuracy Acceptance lIMItS ... 36
9.3.5 (0] o7=1 = 14 o] o [ PP 36
O CaliBratioN .o 36
11 Electrical output of test Signals ..o 37
12 Audiogram oM At ..o e 37
13 Test requirements to demonstrate conformity ... 38
S T B 1= ¢ = - | PP 38
13.2 Environmental conditions and power supply variation................o.oooi 38
133 Electromagnetic compatibility ...39
13.4  Unwanted SOUNd ... e TR ...39
13.4.1 Unwanted sound from an earphone ..........cccooevviiiiiiniiiincceeee L0 ...39
13.4.2 Unwanted sound from a bone vibrator..............ccoooiii g ...40
13.4.3 Unwanted sound radiated by an audiometer .............ccoooiviic b, ...40
13.5 Total harmonic distortion of test signals .............coooviin W B ...40
13.6  Microphone for live voice speech testing.......c.coooiiiiiii gD ... 41
13.7  SigNal @CCUFACY . ..iviiiiiiiiii e e e .41
13.7.1 Accuracy of sound pressure level and vibratory forcelevel ........................ ...41
13.7.2 Accuracy of hearing level control ... S, .41
13.8  Masking SOUNd ..o ... 41
13.8.1 Narrow-band NOISE .......oieiiiiiiii e .41
13.8.2 Masking sOUNd [EVEl ... e ... 41
139  Headbands .o 8 e .41
13.9.1 GENEIAL .. T .41
13.9.2 Supra-aural and circumaural-earphone headband.....................c.coeinlL ... 42
13.9.3 Bone vibrator headband.. .l ..o ...42
14 Maximum permitted expanded uncertainty of measurements Uppygy «oevvveveeereeeeeennennnn. ... 42
15 Marking and instruction Manuall..........coouiiiii e ...43
L T B |V = U 1o e T e PP PPRN ...43
1.2 INSTrucCtion ManUal 4 .. .44
Anngx A (informative) Relationship between tolerance interval, corresponding
acceptance interval apdithe maximum permitted uncertainty of measurement................... ...46
27T FTc Yo i£= o 4 Y2 O S .47
Figune 1 — Rise/fall envelope of test tones ....... ... ...35
Figu:le A( ~ Relationship between tolerance interval, corresponding acceptance
interyahgnd the maximum permitted uncertainty of measurement ..., ...46
Table 1 — Minimum facilities for-fixed-frequency audiometers...........coooeviiiiiiiiiieceeee, 16

Table 2 — Minimum number of frequencies to be provided and the minimum range of

Table 3 — Maximum permissible acoustic total harmonic distortion, for supra-aural,
circumaural, insert earphones and bone vibrators ..o 25

Table 4 — Narrow-band masking noise: upper and lower cut-off frequencies for a
sound pressure spectrum density level of —3 dB-referred referenced to the level at the
centre frequency Of the Dand ... 29

Table 5 — Reference Standards-for-obtainingaudiometric-zero specifying reference

equivalent threshold 1EVEIS. ... ... e e e e 37


https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

IEC 60645-1:2017 RLV © IEC 2017 -5-

Table 6 — Symbols for the graphical presentation of hearing threshold levels........................
Table 7 — Values of Uy gx for basic measurements......................,



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

1)

This|redline version of the official IEC Standard allows the user to identify the cha

-6 - IEC 60645-1:2017 RLV © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS - AUDIOMETRIC EQUIPMENT -
Part 1: Equipment for pure-tone and speech audiometry

FOREWORD

2017

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEC isto_pr
rnational co-operation on all questions concerning standardization in the electrical and electroqic fiel
end and in addition to other activities, IEC publishes International Standards, Technicdl\Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made t0)ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for{the way in which they are used or fd
miginterpretation by any end user.

Inforder to promote international uniformity, IEC Natiopal “‘Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

All users should ensure that they have the latest edition of this publication.

Nq liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mg¢mbers of its technical committeésyand IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pyblications.

Atlention is drawn to theyNormative references cited in this publication. Use of the referenced publicati
indispensable for the cofrect application of this publication.

Atjention is drawn\to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights. IEC.shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60645-1 has been prepared by IEC technical committee 29:
Electroacoustics.

This fourth edition cancels and replaces the third edition, published in 2012, and the first
edition IEC 60645-2, published in 1993. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

This edition now includes the requwements for both pure -tone (prlor edition of IEC 60645 1)
and hnical
requi ements in thls edltlon remain S|m|Iar to the |ntent of the prlor two documents but now
elimipate technical and editorial contradictions caused by two separate standards|with
diffelent review cycles applying to an audiometer.

The fext of this International Standard is based on the following documents:

FDIS Report on voting
29/927/FDIS 29/941/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the r¢port on voting indicated in the above table.

This document has been drafted in accordance with the)SO/IEC Directives, Part 2.

A lisf of all parts in the IEC 60645 series, published under the general title Electroacoustics —
Audipmetric equipment, can be found on the IEC 'website.

Futune standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated-at the time of the next edition.

The ¢ommittee has decided that.the contents of this document will remain unchanged unfil the
stability date indicated on thelEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

—

gconfirmed,
e withdrawn,
o rgplaced by-arevised edition, or

e amended.

that it contains colours whlch are considered to be useful for the correct understandlng
of its contents. Users should therefore print this publication using a colour printer.



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

-8- IEC 60645-1:2017 RLV © IEC 2017

INTRODUCTION

Developments in the field of hearing measurements for diagnostic, hearing conservation and
rehabilitation purposes have resulted in the availability of a wide range of audiometers. In
addition it is possible to consider the audiometer in terms of a set of functional units which
can be specified independently. By specifying these functional units it is then possible to
specify the performance of other audiometric equipment which use these units. The
IEC 60645 series consists of a number of parts. IEC 60645-1 is the first in the series and
covers the requirements for both pure-tone and speech audiometers.

whiclp-is are designed for the measurement of hearing in the frequency range from 125 Hz to
16 khHlz, and speech audiometers, which are designed for performing live or recorded speech
audigmetry.

Due-lo-the development of the later narts of IEC 606845 no reference-is nowmade - inpart 1 to
Ddefo-the-aeveropmehtottheraterpars-otHtE=E--vve4oRo-freterencetshowHmaaeHhparf—1to
the Use of broad-band - noise for maskina Reauirements for broad-band maskina noiselnow
tHe—4ySe—ot+broaa-banchoiseFtorMmMaskig—egtremerts+orofroat-bahRa—MAsSking—hoise Row

Whenp speech signal facilities are provided by an audiometer, perfoFmance requirements are
giver] for both live voice and recorded speech material. Althoughlive voice speech audiometry
may |not be capable of meeting the requirements of this Standard, it is widely pracficed,
parti¢ularly with children, and therefore a specification is ineluded in order to ensure as hfigh a
degrg¢e of reliability as possible. This standard does net ‘specify the speech material that is
used|for test purposes or the required acoustic propertie’s of the test room. 1

Spedch audiometers use earphones or loudspeakers to present signals to the test subjeft. In
this $tandard, specifications of the performancecharacteristics of speech audiometery and
relevpnt calibration and test methods are given with respect to both a free-field equivialent
outpyt level method and an uncorrected ear simulator or acoustic coupler output level mefhod.

In onder to relate earphone listening* to sound field listening, the concept of a freeffield
equiyalent output level of an earphone, as described in IEC 60268-7, is used for specifidation
and easurement purposes.

Althqugh it is recognised that bone vibrators are used for speech audiometry purposes,|their
perfdrmance can be exttemely variable when using speech signals. Therefore only khown
[ i i ided to

goal equals or does not exceed the correspondmg acceptance Timit(s), and the Iaboratory has
demonstrated that the associated uncertainty of measurement equals or does not exceed the
maximum permltted uncertalnty speC|f|ed in th|s standard —'I'—he—te#e#a—‘rees—that—a#e—te—be—met

byuumax eempa#edw%h%heseue#th&ppeweu&edﬁm The requwements for an audlometer are
essentially the same as in the previous editions of IEC 60645-1 and IEC 60645-2.

1 These requirements are specified in ISO 8253-1.
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ELECTROACOUSTICS - AUDIOMETRIC EQUIPMENT -

Part 1: Equipment for pure-tone and speech audiometry

1 Scope

This part of IEC 60645 specmes general requirements for audiometers—and—particular

o designed for use in determining hearing threghold
levels, relative to standard reference threshold levels established by means of psychoacdustic
test methods, and those designed to perform psychoacoustic tests using speech material

The

a) th
p
S
b) th

tg
c) th

n T

(@}

d) th

» ©

2 Normative references

The
contg
cited
any g

IEC §

IEC ¢

IEC ¢

bbject of this standard is to ensure:

at tests of hearing in the frequency range 125 Hz to 16 kHz on_a given human
brformed with different pure-tone audiometers which comply with this standard-shall,
Ibstantially the same results;

sted and the reference threshold of hearing;

bmply with this standard, give substantially the‘same results;

Lditory-functions-they-test their presumg&d primary application.

following documents are.referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e:ﬂ
applies. For undated references, the latest edition of the referenced document (incl

mendments) applies:

0268-3, Sound-system equipment — Part 3: Amplifiers
0268-7( Sound system equipment — Part 7: Headphones and earphones

0268-17, Sound system equipment — Part 17: Standard volume indicators

ear,
give

at the results obtained represent a valid comparison between the hearing of the ear

at a means of presenting speech material to a subject in a standardized manner is
fovided. This will ensure that tests of hearing using a specific speech signal gnd a
pecific manner of signal presentation, when perfosmed with different audiometers which

at audiometers are classified according(to,"the range of test signals they—genprate

resent, according to the mode of operation or according to-the-complexity-of-therange-of

their
ition
ding

IEC 60318-1, Electroacoustics — Simulators of human head and ear — Part 1: Ear simulator for
the measurement of supra-aural and circumaural earphones

IEC 60318-3, Electroacoustics — Simulators of human head and ear — Part 3: Acoustic coupler

for th

e calibration of supra-aural earphones used in audiometry

IEC 60318-4, Electroacoustics — Simulators of human head and ear — Part 4: Occluded-ear

simul

ator for the measurement of earphones coupled to the ear by means of ear inserts

IEC 60318-5, Electroacoustics — Simulators of human head and ear — Part 5: 2 cm?® coupler
for the measurement of hearing aids and earphones coupled to the ear by means of ear
inserts
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IEC 60318-6, Electroacoustics — Simulators of human head and ear — Part 6: Mechanical
coupler for the measurement of bone vibrators

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for basic safety
and essential performance

IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for basic safety
and essential performance — Collateral standard: Electromagnetic-compatibility disturbances — |
Requirements and tests

IEC 606452 Audiometers—Part 2- Eaguinmant forsneach audiomatry
T D A o g p4

IEC $1260-1, Electroacoustics — Octave-band and fractional-octave-band filters=~Part 1:
Spedffications

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications
ISO 266, Acoustics — Preferred frequencies

ISO 389-1, Acoustics — Reference zero for the calibration of audiometric equipment — Part 1:
Refefence equivalent threshold sound pressure levels fof,“pure tones and supra-aural
earphones

ISO $89-2, Acoustics — Reference zero for the calibration of audiometric equipment — Part 2:
Refefrence equivalent threshold sound pressure levels for pure tones and insert earphonels

ISO $89-3, Acoustics — Reference zero for the, calibration of audiometric equipment — Part 3:
Reference equivalent threshold force levels:for-pure tones and bone vibrators

ISO 389-4:1994, Acoustics — Referencézero for the calibration of audiometric equipment —
Part B: Reference levels for narrow-band masking noise

ISO 389-5, Acoustics — Reference zero for the calibration of audiometric equipment — Part 5:
Refefrence equivalent threstiold sound pressure levels for pure tones in the frequency range
8 kHg to 16 kHz

ISO $89-7, Acoustics =’ Reference zero for the calibration of audiometric equipment — Part 7:
Refefrence thresholdof hearing under free-field and diffuse-field listening conditions

ISO 389-8, Acoustics — Reference zero for the calibration of audiometric equipment — Part 8:
Reference~equivalent threshold sound pressure levels for pure tones and circumpural
earphones

ISO 4869-1, Acoustics — Hearing protectors — Part 1: Subjective method for the measurement
of sound attenuation

ISO 8253-1:2010, Acoustics — Audiometric test methods — Part 1: Pure-tone air and bone
conduction audiometry

ISO 8253-2, Acoustics — Audiometric test methods — Part 2: Sound field audiometry with pure-
tone and narrow-band test signals

ISO 8253-3, Acoustics — Audiometric test methods — Part 3: Speech audiometry
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
equipment for pure-tone audiometry
pureftone audiometer

instrument for the measurement of hearing for pure tones and in particular of the threshqld of
hearing

Note {1 to entry: The pure-tone audiometer may be either of a fixed or continuous sweep frequency type.

3.2
mangyal audiometer
audigmeter in which signal presentation and recording of results.are’ performed manually

3.3
automatic-recording audiometer
audigmeter in which signal presentation, hearing JleVel variation, frequency selectign or
frequency variation and recording of the subject’s reSponses are implemented automatically

Note {1 to entry: Hearing level change is under the subjects-control and is recorded automatically.

3.4
equipment for speech audiometry

speech audiometer

instrument for the measurement of hearing-fer using speech-test material

3.5
air cpnduction
transmission of sound through the external and middle ear to the inner ear

3.6
bong conduction
stimylation of thelinner ear mediated primarily by mechanical vibration of the cranial bongs

3.7
extered high-frequency

EHF

audiometric test frequency in the range from 8 kHz to 16 kHz

Note 1 to entry: The frequency 8 kHz is considered both as the highest frequency in the conventional range and
as the lowest frequency of the extended high-frequency range.

3.8

otologically normal person

person in a normal state of health who is free from all signs and symptoms of ear disease and
from obstructing wax in the ear canal and has no history of undue exposure to noise, to
potentially ototoxic drugs, or of familial hearing loss
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3.9

equivalent threshold sound pressure level

monaural earphone listening

for a given ear, at a specified frequency, for a specified type of earphone and for a stated
force of application of the earphone to a human ear, the sound pressure level set up by the
earphone in a specified ear simulator or acoustic coupler when the earphone is activated by
that electrical input which, with the earphone applied to the ear-cencerned, would correspond
to the threshold of hearing

3.10
equivalent threshold force level

for a| given ear, at a specified frequency, for a specified configuration and mode] ‘ofi pone
vibrafor on a specified mechanical coupler, the force level set up by the bone vibrator in a
specffied mechanical coupler when the bone vibrator is activated by that voltagé which | with
the bone vibrator applied to the mastoid prominence or to the forehead, would, correspond to
the threshold of hearing

Note 1 to entry: This definition requires the non-test ear to be masked in accordance with ISO 389-4.

3.1
reference equivalent threshold sound pressure level
RET$PL

at a gpecified frequency, the median, mean or modal value.of the equivalent threshold spund
presgure levels of a sufficiently large number of ears of otologically normal persons of|both
sexe$ aged between 18 years and 25 years inclusive,eXpressing the threshold of hearing in a
specffied ear simulator or acoustic coupler for a specified earphone type

Note 1 to entry: Values of RETSPL are specified in ISO 3891, ISO 389-2, ISO 389-5 and ISO 389-8.

Note 3 to entry: Some parts of the ISO 389 series specify reference equivalent threshold levels for the age|group
18 yegrs to 30 years inclusive.

3.12
reference equivalent threshold force level
RETKL

at a|specified frequency, thes-mean value of the equivalent threshold force levels |of a
suffigiently large number of'ears of otologically normal persons of both sexes aged between
18 years and 25 years_inclusive, expressing the threshold of hearing on a spegified
mechanical coupler for-avspecified configuration and model of bone vibrator

Note {1 to entry: Meanvalues of reference equivalent threshold force levels are specified in ISO 389-3.

Note 3 to entry;y~“Some parts of the ISO 389 series specify reference equivalent threshold levels for the age|group
18 yeqrs to 30 yedrs inclusive.

3.13
close¢-coupled sensitivity
at a given frequency, the quotient of the sound pressure level generated by the earphone in
an ear simulator or acoustic coupler and the voltage applied to the terminals of the earphone

3.14

close-coupled sensitivity level

ten times the logarithm to the base ten of the quotient of the squared close-coupled sensitivity
by the squared reference sensitivity, expressed as 1 Pa/V

3.15

free-field sensitivity

at a given frequency and for at least 10 otologically normal subjects, the quotient of the sound
pressure level of a frontally incident plane progressive sound wave (0° sound incident) and of
that voltage of equal frequency which is applied to the terminals of the earphone in order that
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the subjects, on average, judge the sound wave and the sound produced by the earphone as
equally loud, with both sounds being received in the same ear

Note 1 to entry: Test methods are described in IEC 60268-7. Though the loudness comparison may be performed
binaurally, the resulting sensitivity is that of a single earphone.

3.16

free-field sensitivity level

ten times the logarithm to the base ten of the quotient of the squared free-field sensitivity to
the squared reference sensitivity, expressed as 1 Pa/V

N t tao _aonte- Eraao fiald caoncitinity, and froo fiold oconcitinaty loval of o Whona vdbhratar ara dofinad i
ote — - - in a

corregponding way.

3.17
free-field equivalent earphone output level
for alspeech audiometer, the sound pressure level generated by an earphone Cerrected bly the
diffefflence between the close-coupled and the free-field sensitivity levels of therearphone

3.18
hear|ng level of a pure tone
HL
at a[specified frequency, for a specific type of transducer_and for a specified mannger of
appligation, the sound pressure level or the vibratory force level set up by the transducer in a
spec|fied ear simulator, acoustic coupler or mechanicals coupler minus the appropriate
RET$PL or RETVFL

3.19
hear|ng threshold level for pure tones
at a gpecified frequency, the threshold of hearing at that frequency expressed as hearing [level

Note 1 to entry: Methods for determining thresholds of hearing are specified in ISO 8253-1:2040.

3.20
hear|ng level for speech
for a|specified speech signal apda specified manner of signal presentation, the speech|level
minup the appropriate referen¢e speech recognition threshold level

3.21
speech signal
test gignal generated-by a natural human or synthetic voice

3.22
speech level
sounf pressure level or vibratory force level of the speech signal as measured ih an
approptiate ear simulator, acoustic coupler or mechanical coupler or in a sound field| with
specified frequency weighting and specified time weighting

3.23

speech recognition threshold level

SRT level

for a given test subject, a specified speech signal and a specified manner of signal
presentation, the lowest speech level at which the speech recognition score is equal to 50 %

3.24

reference SRT level

for a specified speech signal and a specified manner of signal presentation, the median value
of the speech recognition threshold levels of a sufficiently large number of otologically normal
test subjects, of both sexes, aged between 18 years and 25 years inclusive and for whom the
test material is appropriate
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3.25

ear simulator

device for measuring the acoustic output of sound sources where the sound pressure is
measured by a calibrated microphone coupled to the source so that the overall acoustical
impedance of the device approximates that of the normal human ear at a given location and in
a given frequency band

Note 1 to entry: Two types of ear simulator are specified in IEC 60318-1 and IEC 60318-4.

3.26
acoustic coupler
devige—ferme i

meagured by a calibrated microphone coupled to the source by a cavity of predetermined
shapge and volume which does not necessarily approximate the acoustical impedance df the
normjal human ear

Note {1 to entry: Two types of acoustic coupler are specified in IEC 60318-3 and IEC 60318-5.

3.27
mechanical coupler
devide designed to present a specified mechanical impedance to_ a-vibrator applied with a
specf|fied static force and equipped with a mechano-electric \transducer to enablg the
altermpating force level at the surface of contact between the.vibrator and the mechgnical
coupler to be determined

Note {1 to entry: A mechanical coupler is specified in IEC 60318-6.

3.28
masking
procgss by which the threshold of hearing of-a“sound is raised by the presence of anpther
(masking) sound

3.29
effedtive masking level
level|of a specified masking sound-which is numerically equal to that hearing level to which
the plure-tone threshold of the.notional normal person would be raised by the presence of that
maskKing sound

Note 1 to entry: The notionalsnormal person is one whose hearing conforms to the standards for threshold and
effective masking (1SO 389-1) 1SO 389-2, ISO 389-4 and ISO 389-8).

Note 3 to entry: Effective masking is thus analogous to hearing level (see 3.18), i.e. it is a measure of sounfl on a
physidal scale, independent of the particular ear under test.

Note 3 to entrys.~Reference values for effective masking are given in ISO 389-4.

3.30
speelch-weighted noise

weighted random noise for the masking of speech

3.31

effective masking level for speech

level of a specified masking sound which is numerically equal to that hearing level for speech
to which the speech recognition threshold level for a specified speech signal for a notional
normal hearing person would be raised by the presence of that masking sound

Note 1 to entry: The notional normal person is one whose hearing conforms to the standards for threshold and
effective masking (ISO 389-1 and ISO 389-4).
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| 4 Requirements-forspecifictypesoffixedfrequency by type and class of

audiometer

| Pure-tone audiometers are specified as four different types by the requirements for minimum
mandatory facilities in Table 1. Other facilities are not precluded. The four types relate to their
presumed primary application.

Speech audiometers are specified as two classes, and the requirements for minimum facilities
are given in Table 1.
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Pure-tone types class
Facility Type 1 Type 2 Type 3 Type 4 EHF 9 Class |Class
Advanced | Clinical Basic Screening | Extended A B
clinical/ diagnostic |/monitoring high-
research frequency

Transducers
— two earphones X X X X X xd xd
— two insert earphones X
— two loud speakers or electrical X X X

outputs ©
- b 1< bUIIUIUbt;UII )\ )\ )\ )\

L\

Hearipg levels and Test frequencies X X X X X x| x
(see Table 2) OV
outpdt level control X X X X X Al X X
Masking level control X X X o X X
Test 4ignal switching k.( ;.
— présentation/interruption X X X Xb /.\ X X X
— pujsed tone X X G\bfl X
— frgquency modulation (FM) X X ) N~
Referpnce tone ¢ C ‘\U
— alternate presentation X X \<(/\/
— sirpultaneous presentation X rs\\\
Speeg¢h input Q ~
— signal level indicator X X zﬁQ\ X X
— acpustical or visual monitor for \( X X

speech test material QQ\
— intpgrated playback device or input Xf @f\ Xt xf

forlexternal signal

g &

— migrophone for live voice testing |V X
— opgrator and subject speech ‘\@ X

cofnmunication ,\A
Masking ) \,\)
— nafrow-band noise \\(:}~ X X X X

: Y
— sppech spectrum noise C) X X
Routipg of masking \’ .
— coptralateral earphone(\v‘ X X X X X X
— ipgilateral earphone OV X X
— loydspeaker ora@brmal output © X X X
— bope vibratcy-\"< . X X
Subjept respek\e}system X X X x@ X
Signa] indicafor X X X X X
Vi

Monit Wof test signal X X X
Talk-forward system X X X
Talk-back system X X

a

b

c

Not mandatory for manual audiometers.
Not mandatory for automatic-recording audiometers.
The minimum requirement is for presentation of reference tones of the same frequency as the test tones.

Free-field equivalent is not mandatory but is recommended. Where this is provided the audiometer shall be
additionally designated as speech class E. The audiometer will therefore be class A-E or class B-E.

The manufacturer shall specify how conformity with this standard is to be achieved if the power amplifier and
loudspeakers are not supplied with the audiometer.

The replay device is not always supplied by the manufacturer of the audiometer.
The extended high-frequency range (EHF) is optional for all four types of pure tone audiometers.
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5 General requirements

5.1 General safety requirements

Audiometers shall conform to IEC safety requirements (see IEC 60601-1) except where
otherwise specified in this standard.

5.2 Acoustic safety requirements

As audiometers are capable of producing sound pressure levels that could cause hearing
damage, a non-auditory warning indication to the operator is required for all settings above
100 ¢iB hearing level (HL).

5.3 Environmental conditions

The gpecifications shall be met for combinations of temperature within the range of 15 [C to
35 °C¢, relative humidity within the range of 30 % to 90 % and ambient pressure within the
rang¢ of 98 kPa to 104 kPa.

The actual values of the environmental parameters at the time of calibration shall be stated.

NOTE| Measured reference equivalent threshold sound pressute-tfevels may differ signifigantly
at ambient pressures outside the above range Therefore4eea4+b¢aﬂerpa¥eund4he4}emna4

ambipnt pressure at the site of the user should be undertaken-in those circumstances where
m&eahbmmﬂmm%meps%d&neks#mmmamb%eendmens calibration gt the
site ¢f the user under their typical ambient pressurgnand temperature conditions should be
undeyrtaken. In circumstances where the calibration, site and the user site do not share similar
ambignt conditions, appropriate corrections fof environmental effects should be appligd as

recofnmended by the manufacturer.

5.4 | Warm-up time

The performance requirements shall be met after the stated warm-up time has elapsed and
after|any setting up adjustments_have been carried out in accordance with the manufacturer’s
instrdgctions. The minimum warmrup time shall be specified by the manufacturer but shall not
excepd 10 min when the addiometer has been kept at the ambient temperature of thg test
envirpnment.

5.5 | Power supply variation
5.5.1 Interruption of power supply

If any interruption of the power supply occurs for up to 5 s, the audiometer shall rever{ to a
condjtion(that will neither endanger the subject’s hearing, nor yield invalid results.

5.5.2 Mains operation

The specifications shall be met when any long-term deviation in mains supply voltage or
frequency, in combination, is the least favourable within the limits of £ 10 % of the stated
mains supply voltage and = 5 % of the stated mains frequency.

If any complete interruption of the line voltage occurs up to 5 s, the audiometer shall revert to
a condition that will neither endanger the subject’s hearing, nor yield invalid results.

5.5.3 Battery operation

The manufacturer shall specify the limits of battery voltage within which the specifications
shall be met. A suitable indicator shall be provided to ensure that the battery voltage is within
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the specified limits. The specification of the audiometer shall be met at all battery voltages
within the specified limits.

5.5.4 Other power supplies
If the audiometer is powered by means other than by mains or battery, the manufacturer shall

state the type of power supply, its characteristics and tolerances within which the
specifications of the audiometer shall be met.

5.6 Electromagnetic compatibility

Durirfg, and as a result of, any EMC immunity tesfing, under the EMC test conditions
accofding to IEC 60601-1-2, the unwanted sound from any air conduction transducer_sha|l not
excegd a hearing level corresponding to 80 dB. 13.3 provides methods far~shqwing
confgrmity.

5.7 Unwanted sound
5.7.1 General

Objegtive acoustical measurements (see 13.4) may be impracticable for testing fof the
presgnce of unwanted sound from the audiometer. Therefore, subjective tests shall be
perfgrmed using at least two otologically normal test subjects . whose hearing threshold Igvels
shall|not exceed 10 dB for the test frequencies 250 Hz to & kHz. The test room for subjdctive
tests|shall meet the requirements of ISO 8253-1:2010, Table 4 (see the right hand colurhn of
table). For EHF audiometers these tests shall cover frequencies up to the highest frequency
availgble.

NOTE| For the frequency range above 8 kHz test rooms according to ISO 8253-1:20408 have shown in pracjice to
provide sufficiently low ambient noise levels.

5.7.2 Unwanted sound from and between any combination of transducers

The following measurements shall becompleted by the manufacturer as part of an audiometer
design validation to ensure the intended requirements of 5.7 are met in any combinatipn of
transjducers. Testing shall be conducted for crosstalk, breakthrough or leakage betweg¢n or
from |all transducers, for example: earphones, insert earphones, bone vibrator, loudspeakers,
or mpnitors. Any unwanted“sound present in any non-active transducer shall be less|than
0 dB[HL. This shall be measured in one-third-octave bands throughout the full test capgbility
provided by the audigmeter. The unwanted sound present in any one-third-octave band|shall
not gxceed the reférence sound pressure levels or force levels, specific for each non dctive
transjducer measured. Measurements shall be made electrically.

This fequirement shall be met with all selected active transducers signals switched on, get to
a hepring fevel of 60 dB or maximum output whichever is lower. The electrical indirect
meagufe€ment method shall be used to validate performance as described in 13.4.1.

5.7.3 Unwanted sound from an earphone

Unwanted sound from an earphone may arise from electrical signals generated in a variety of
ways within the audiometer when the—tene signal switch is “OFF”. An unwanted tone
(commonly called breakthrough or cross talk) may also occur in the non-test earphone when
the test tone is “ON”. Specific requirements and an indirect electrical measurement method as
well as a subjective method of verifying performance-are shall be employed as described in
13.4.1.

An unwanted tone may also occur in the earphone due to the-tene signal switch not being
completely effective. Requirements for the-tene signal switch are described in 8.6.
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5.7.4 Unwanted sound from a bone vibrator

The manufacturer shall state at which test frequencies the bone vibrator might radiate sound
to such an extent that the sound reaching the test ear by air conduction through the
unoccluded ear canal-might-impair may affect the—validity reliability of the bone conduction
measurement. The manufacturer shall also state the possible extent of this-impairment affect.
A method to show conformity with this requirement is given in 13.4.2.

5.7.5 Unwanted sound radiated by an audiometer

Where audlometers are mtended to be used W|th the subject in the same room, any sound
due i mfrom
the gudiometer, or radiation from any part of a computer system used in conjunct|on with the
audioameter, shall be inaudible at each hearing level setting up to and including;50 dB. A
methpd to show conformity with this requirement is given in 13.4.3.

NOTE| This limitation on noise coming from controls applies to any noise that could furnish the
patient with a clue which might influence the test results. It is not intended to apply|to a
mechanism such as a patient activated switch, an output selection switCh or a detent oh the

frequency switch that might emit noise-when-the-subject-isnotactyalybeing-tested, byt will

not influence the test results.

5.8 | Testing of automatic-recording audiometers

Automatic-recording audiometers shall be provided with~means to adequately contro| the
signdls for the purpose of measuring the characteristicsyof the audiometer.

5.9 | Interface connections
No upintentional change of the audiometer’scalibration shall be possible via any interfacg.
6 Test signals

6.1 | Speech signals

6.1.1 Speech signal general requirements

The manufacturer shgll&tdate the characteristics and acceptance limits of the signals provided.
Spedch audiometers ‘shall provide the minimum range of hearing levels as indicated ip the
appropriate columy of Table 2.

For the results) of earphone speech audiometry using class A-E and B-E audiometers {o be
comparablg:to those of loudspeaker sound-field testing, or to the results from using different
typeq of, transducer, sound-field equivalent measurement conditions shall be used to specify
and tesithe characteristics of the speech audiometer.

For class A and class B audiometers where there is no requirement to maintain such
comparability, the uncorrected earphone measurement conditions shall be used to specify and
test the characteristics of the speech audiometer.

For acceptance limits for using uncorrected earphone measurement conditions, see 6.3.2.

6.1.2 Free-field equivalent earphone output level

For class A-E and B-E audiometers, the output sound pressure level and overall frequency
response of the speech audiometer, including the earphone, shall be specified in terms of
free-field equivalent sound pressure level. The basic method for measuring the free-field
equivalent sound pressure level of earphones is described in IEC 60268-7.
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NOTE Routine calibrations can be performed using an ear simulator or acoustic coupler and applying correction
figures for the difference between the free-field sensitivity level and the close-coupled sensitivity level for the type
of earphone under test.

6.1.3 Uncorrected earphone output level

For class A and B audiometers, the output sound pressure level and overall frequency
response of the speech audiometer, including the earphone, shall be specified in terms of the
uncorrected sound pressure level measured in an ear simulator according to IEC 60318-1 or
IEC 60318-4 or an acoustic coupler according to IEC 60318-3 or IEC 60318-5. The
manufacturer shall specify the method of measurement and the employed ear simulator or
acoustic coupler.

6.1. 4] Loudspeaker output level A

The putput sound pressure level and overall frequency response of the spee qrdlometer
inclugling the loudspeaker shall be specified as measured in a sound fml%'ét a minjmum
distapce of 1 m on the reference axis of the loudspeaker.

/
NOTE| the performance measured under reference conditions might not apply in coné@ns other than in a [sound
field and at a distance of 1 m. Q
6.1.5 Bone vibrator output level C)%
For ¢lass A-E and B-E audiometers, the output vibratory e level and overall freqyency

respgnse of the speech audiometer including the bone vibrator shall be specified in termhs of
free-field equivalent sound pressure level. If corresponding data for the type of bone vilrator
used| does not exist, the characteristics shall be s ied in terms of uncorrected vibrptory
force|level measured on a mechanical coupler cor@ ing with IEC 60318-6.

6.1.6 Speech signal frequency respon§8®

For the reference conditions given in 6.%4, and the signals as specified in 13.6, the output
sounfd pressure level generated by tlﬁ\%udspeaker shall be within the following accepfance

limitq: \O

Using one-third-octave-band f'lf\g#s the sound pressure level generated by the loudspgaker
with Bny test signal centere ound the centre frequency of the filter in the frequency range
from|[250 Hz to 4 kHz shall.not differ by more than + 5 dB from the average sound pregsure
level]of all test sign this range. For any test signal between 4 kHz and 6,3 kHg the
acceptance limit is B.

Acceptance Ii@outside the frequency range given above shall be specified by the

mand factu@(}

If Ioucx ers are not provided, the frequency response requirements of 6.3.2 for earphjones
shalllbe-met.

6.1.7 Calibration signal

The specifications and test methods for speech audiometers are based on the assumption
that the calibration signal level of the recorded speech material is the same as the average
level of the speech material when measured in a specified manner.

The calibration signal shall be either a speech weighted noise, as specified in 6.5.3, or as
specified in ISO 8253-3. If a different calibration signal is used, its characteristics shall be
specified by the provider of the speech test material.
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Live voice microphone frequency response

The microphone frequency response shall meet the requirements specified in 6.1.6 or if
loudspeakers are not provided, the frequency response requirements of 6.3.2 for earphones
shall be met. The manufacturer shall state how the microphone is to be used (for example,
angle of incidence) to meet these requirements.

6.1.9

Scale reference and output level

Scales referring to sound pressure level shall include a reference position of 20 dB. Scales
referring to hearing level shall include a reference position of 0 dB. Relative to its reference

positjer—the—eutputtevel—econtro—shatt—eover—atteastea—range—from—+0—dB—to—86—dB for
loudgpeaker output and -10 dB to 100 dB for earphone output levels.
x>
NOTE| A sound pressure level of 20 dB corresponds approximately to a common reference s ch’ recognition
threshold level for easily recognizable test material presented monaurally.
>
6.1.10 Distortion requirements for speech signals ,\
7/

6.1.10.1 Earphone output @@
The {otal harmonic distortion of the earphone output shall meet tN'eQequirements of 6.2.3 but
shalllbe measured using a pure-tone signal which is + 9 dB a de the reference indicatipn of
the sjgnal level indicator. s\\

O
6.1.10.2 Loudspeaker output {(
The fotal harmonic distortion of the signal generat é%y the loudspeaker shall not exceed|3 %.
This shall be measured with the same input co ns as in 6.1.10.1, but at an output spund

outp

6.1.1

The fotal harmonic distortion of the@ne vibrator output shall meet the requirements of 6

presgure level of 80 dB. The total harmoni& istortion shall be less than 10 % at 1@

t sound pressure level for the same fr ncies

N

0.3 Bone vibrator output Q’\Q

QOQ
@ .
OQ‘

S

0dB

2.3.

D
&
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Table 2 — Minimum number of frequencies to be provided and the minimum
range of values of hearing level for-fixed-frequency type and class of audiometer

Frequency Hearing levels (HL) in dB 2

in Hz The minimum hearing level shall be -10 dB.
Type 1 Type 2 Type 3 Type 4
Air Bone Air Bone Air Bone Air

125 70 60
250 90 45 80 45 70 35 70
500 120 60 110 60 100 50 70
50 +26 60
1{000 120 70 110 70 100 60 70
1[600 120 70 110 70
2000 120 70 110 70 100 60 70
31000 120 70 110 70 100 60 70
41000 120 60 110 60 100 50 70
61000 110 50 100 90 70
81000 100 90 80

Extejnded high frequency audiometers (EHF) — All types ¢

*8]000 100
91000 90
*1¢ 000 90
11200 80
*12 500 70
14000 70
*1¢ 000 60
Speg¢ch signals ®
Class A Class B
Air Bone Loudspeaker Air
100 60 80 100

ound field / loudspeakeg outputs within the range of 250 Hz to 6 000 Hz shall be within 20 dB of thos
ir, for each instrument&type.

[«

b Hor the SPL range requirements for speech signals when provided, see 6.1.9.
The minimum he%ring level for all EHF audiometers shall be -10 dB HL or lower at frequencies above 8 |
N

landatory teSt.signal frequencies for extended high frequency audiometers.

e for

Hz.

6.2 Pure tones

6.2.1 Frequency range and hearing level range

6.2.1.1

General requirements

The manufacturer shall state the characteristics and acceptance limits of the signals provided.

Fixed frequency audiometers shall have test frequencies for which the minimum range of
hearing level values is indicated in the appropriate column of Table 2 for supra-aural
earphones and bone vibrators. For Type 1 audiometers using circumaural or insert ear-
phones, the maximum hearing levels may be 10 dB less than the tabulated values over the
frequency range 500 Hz to 8 kHz. Additional frequencies up to 8 kHz may be used where
RETSPL values are given in the ISO 389 series.
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For sweep frequency audiometers, the range of frequencies and hearing levels shall be at
least equal to those given in Table 2 for fixed frequency audiometers.

EHF test signals in the frequency range from 8 kHz to 16 kHz shall-be include the one-sixth-
octave frequencies as specified in 1ISO 266. Their frequencies and corresponding hearing
level ranges are presented in Table 2. The following EHF test signal frequencies are
mandatory: 8 kHz, 10 kHz, 12,5 kHz and 16 kHz.

NOTE_Some FHF instruments have the capability of going up to 20 kHz,  but at present no standardized reference
threshiold data are available.

6.2.1.2 Test signal level range for‘earphones

The minimum hearing level shall be»-10 dB or lower.

NoTEH Due to the large spread of hearing threshold levels in normal hearing subjects gt the
highast frequencies a minimum hearing level of =10 dB is not sufficient to reach threshgld in
many subjects. Consequently, a minimum hearing level of less than —-10 dB is recommended.

4
0]
D
e

6.2.2 Frequency-accuracy acceptance limits

For fixed frequency audiometers, the frequencies shall be equal to the stated values within
the following-telerances acceptance limits:

Type 1 and 2: +15 %
Type 3 and 4: +2:5%

For continuous sweep frequency audiometers, the frequency of the test tone shall agree with
the value indicated on the audiogram within £ 5;6 %.

6.2.3 Total harmonic distortion

The maximum total harmonic distortion shall not exceed the values given in Table 3.
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Table 3 — Maximum permissible acoustic total harmonic distortion,
for supra-aural, circumaural, insert earphones and bone vibrators

Air conduction Bone conduction
Frequency range in Hz @ 125 to 200 |250 to 400 |500 to 8 000 (250 to 400 |500 to 800 |1 000 to 4 000
Hearing level ? in dB 75 90 110 20 50 60
Total harmonic distortion in %|3 2,5 32,5 32,5 65,5 65,5 65,5
NOTE For speech signals requirements see 6.1.10.
@ These ranges relate to the one-third-octave centre frequencies.
b Of maximum output level of the audiometer, whichever is lower. For circumaural and insert earphones the
hdaring level shall be 10 dB less than the levels specified in the table.
6.2.4 Rate of frequency change
Whete automatic recording facilities include a continuous sweep frequency, at least one gf the
rates| of frequency change available shall be one octave per minute +25 20 %. |f an

autorhatic-recording audiometer provides fixed frequencies, a minimum period of 30 s shall be

allowed at each frequency.

6.2.5 Frequency modulation

If frequency modulated tones are provided they shall haye the following characteristics:

a)

b)

c)

d)

Jarrier frequency

The carrier frequency shall be chosen from.the audiometric test frequencies specifi
pble 2 with-a-telerance an acceptance limit of + 3;5 % of the stated value.

aveform of modulating signal

T
V)

The waveform of the modulating . @ignal shall be either sinusoidal or triangular
symmetrical rising and falling portiens on a linear or on a logarithmic frequency scale.
f

%. If it is triangular, its ramps shall not deviate from a linear form by more than 5 %
mplitude. For a triangular-waveform, the duration of the rising and falling portions
pt differ by more than 10 %.

epetition rate of modulating signal

5

a

n

R

The repetition rate of the modulating signal shall be within the range of 4 Hz to 20 HZ
aftelerance anacceptance limit of +-45 10 % of its stated value.

Frequencgy'deviation

T

he frequency deviation shall be in the range from +2.5 % to +12.5 % of the ¢
freguency with-a-telerance an acceptance limit of +45 10 % of its stated value.

ed in

with

the modulating waveform_js“sinusoidal, its total harmonic distortion shall not exceed

of its
shall

with

arrier

6.3

External signal sources

6.3.1 Signals

All external inputs, which involve the use of speech signals or other complex signals in
addition to pure tones, are considered in the following clause’s 6.3.2, 6.3.3,6.3.4,6.3.5 and
6.3.6.
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6.3.2 Frequency response

For a constant voltage applied to the external input socket, the output sound pressure level
generated by the earphone, as measured in the same ear simulator or acoustic coupler as
used for the calibration of the audiometer, shall not differ by more than + 4 dB from the
average sound pressure level of all test signals in the frequency range 250 Hz to 4 kHz. For

+4
any signal in the range below 250 Hz the-telerance acceptance limitis _q4 dB and above 4

kHz the-telerance acceptance limit is J_rg dB.

For jhe bone vibrator output, the manufacturer shall specify the frequency responsel and
acceptance limits in the frequency range from 250 Hz to 4 kHz.

6.3.3 Playback device input

The laudiometer, in conjunction with its playback device input and ap- efectrical squrce
specffied by the manufacturer, shall fulfill the requirements of 6.1.6 for speeth signals usg

17

6.3.4 Signal-to-noise ratio for playback device input

At ar] output level control setting of 70 dB and with the level of thé calibration signal set tp the
refergnce indication of the signal level indicator, the voltagé/level at any transducer [input
terminal, measured with frequency weighting A according\to IEC 61672-1, shall be at |least
45 dB higher than that obtained when the playback sysiem is stopped in a pause mode| The
manufacturer shall specify how conformity with thi§_requirement is to be achieved if the
playdack system is not supplied with the speech audiometer.

NOTE| this test includes measurement of the performante of the playback system, the audiometer and any
externfal amplifiers.

6.3.5 Electrical sensitivity
The manufacturer shall specify thecelectrical sensitivity of the external input in terms df the

voltape of a stated input signal.required for a stated output sound pressure level, when the
signdl indicator is at its referenée position.

6.3.6 Reference level.for external signal source

The external signalsshall be capable of being monitored by a signal indicator (see 8.2)] The
refergnce level shall'be stated when the signal indicator is at its reference position.

6.4 | Operator and test subject speech communication

6.4.1 General

The requirements for operator o test subject and fest subject o operator communication are
dependent upon the type of testing to be performed. Where these functions are provided for
pure-tone audiometry only, the requirements of 6.4.2 and 6.4.3 shall be met. Where these
functions are provided for performing live voice speech audiometry 6.4.4 shall be met and,
when the test procedure requires the subject to provide a vocal response, 6.4.5 shall be met.

The components and installation methods used for these functions can differ in many aspects.
However, it is known that the performance of these functions may significantly influence test
reliability. If a specific configuration or installation is required to ensure appropriate
performance, this shall be stated by the manufacturer in the instruction manual.
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6.4.2 Operator to test subject speech communication (talk-forward)

This facility shall allow speech communication from the operator to the test subject under
normal test conditions. It should be possible to present the operator’s voice to the test subject
via the transducers being used for that specific test.

The level of the-speech—signal operator’s voice presented to the test subject should be
controlled to prevent any effect on the reliability of test results and to prevent the introduction
of distortion, for example from signal clipping.

An indicator shall be provided to show when this function is active.

6.4.3 Test subject to operator speech communication (talk-back)

This [facility shall allow speech communication from the test subject to the oqperator dnder
normfal test conditions. The microphone used by the test subject shall be positioned so that it
accufately relays the test subject’s voice to the operator and provides both freqyency
respgnse and signal to noise characteristics which will ensure that the operator can reliably
hear |the test subject when they are speaking at a normal conversational4evel and are lo¢ated
at th¢ test position for that particular test.

6.4.4 Operator to test subject speech communication for\live voice speech
audiometry

The level of the operator’s voice presented to the test subject should be controlled to pr¢vent
any effect on the reliability of test results. A leveldndicator shall be provided so thaft the
opergtors can monitor their own voice level to ensure that an appropriate speech leyel is
being presented to the test subject and to preyent'the introduction of distortion, for example
from|[signal clipping.

The position of the microphone relative toxthe mouth of the operator (live voice talker) shall be
spec|fied by the manufacturer. With.fe microphone located at this position, the oyerall
frequency response of the operator totest subject speech communication system, when @ising
a loudspeaker as the test transducer shall meet the relevant requirements of 6.1.6, and|shall
meet|the requirements of 6.3.2 wfien using earphones as the test transducer.

6.4.5 Test subject to,operator speech communication for vocal response speech
audiometry

The position of the ‘microphone relative to the mouth of the test person shall be specifigd by
the npanufacturer¥for sound-field speech audiometry this position may be specified relative to
the tg¢st referen€e point (ISO 8253-3).

With |the \microphone located at this position, and with a sound source located at the position
of th¢{&st subject’s mouth in their absence, the overall frequency response of test subject to
operafor speech communicaiion sysiem when using a loudspeaker to monitor the test
subject’s response, shall meet relevant requirements of 6.1.6.

When using earphones to monitor the test subject’s response the earphone output, measured
in an appropriate ear simulator or acoustic coupler as specified by the manufacturer, shall
meet the relevant requirements of 6.3.2.

6.5 Masking sound
6.5.1 General

For audiometers which provide masking sound, all measurements of the masking sound shall
be made in the same ear simulator, acoustic coupler or mechanical coupler as is used in the
pure-tone measurements.
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‘ As—this—standard—only—specifies—requirements For pure tones, it is considered that the

appropriate masking noise is narrow-band noise.

Alter

natively, modulated noise may be used.

For speech signals it is considered that the appropriate masking noise is speech weighted
noise.

6.5.2 Narrow-band noise

Whe

around the test frequency. The band limits for the masking noise are given in Table 4.

Outs
‘ a rat
shall
in th

p of at least 12 dB per octave for at least three octaves and outside'ihese three octa
be at least-35 36 dB below the level at the centre frequency. Méasurements are re

meagurements are required up to 20 kHz.

Due

meas

spec

meagurements shall be made electrically across the\transducer terminals.

e narrow-band masking is required, the noise band shall be centred .geometrjcally

de these band limits the sound pressure spectrum density level of, the noise shall fall at

es it

quired
e range from 31,5 kHz to 10 kHz for instruments limited to 8-kHz. For EHF instrunkjents

o limitations of transducers, ear simulators, acoustic.Couplers and mechanical couplers,
urements of the bandwidth at 4 kHz and aboye “may not accurately describg the
rum of the masking noise. Therefore at<{ ¢entre frequencies above 3,18 kHz



https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

IEC 60645-1:2017 RLV © IEC 2017 - 29 -

Table 4 — Narrow-band masking noise: upper and lower cut-off frequencies
for a sound pressure spectrum density level of —3 dB-referred referenced to the level
at the centre frequency of the band

Lower cut-off frequency Upper cut-off frequency
Centre frequency in Hz in Hz
in Hz
Minimum Maximum Minimum Maximum
125 105 111 140 149
160 136 143 180 190
200 168 178 224 238
250 210 223 281 297
315 265 281 354 375
400 336 356 449 476
500 420 445 561 595
630 530 561 707 749
750 631 668 842 892
800 673 713 898 951
1000 841 891 1120 1190
1250 1050 1110 1400 1490
1500 1260 1340 1680 1780
1600 1350 1430 1800 1900
2 000 1680 1780 2 240 2 380
2 500 2100 2 230 2 810 2970
3 000 2 520 2670 3370 3 570
3150 2 650 2 810 3 540 3750
4 000 3360 3 560 4 490 4760
5 000 4 200 4 450 5610 5950
6 000 5 050 5 350 6 730 7 140
6 300 5 300 5610 7 070 7 490
8 000 6 730 7 130 8 980 9 510
9 000 7 570 8 020 10 100 10 700
10 000 8410 8910 11 220 11 890
11 200 9420 9 980 12 570 13 320
12 500 10 510 11 140 14 030 14 870
14,000 11770 12 470 15710 16 650
16,000 13 450 14 250 17 960 19 030

NOTE 1 The bands of noise correspond to one-third octaves as a minimum and one-half octaves as a maximum.
At centre frequencies of 400 Hz and above these bands are wider than the critical bands for the same effective
masking and thus require an overall sound pressure level greater than critical bands for effective masking by
approximately 3 dB (see ISO 389-4). The use of wider bands has the advantage of minimising perceived tonality
of masking noise.

NOTE 2 The minimum and maximum lower and upper cut-off frequencies, f,(min.), f(max.), f,(min.) and f, (max.),
are given by the following formulae (see IEC 61260):

f(min.) = £, j21/4 fi(max.) = f, /218
fi(min) = £ x 2" £ (max.) = £, x 214

where 1 is the centre frequency.

NOTE 3 The given values are rounded to the first three significant digits (for 11 200 Hz and above to four)
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6.5.3 Speech weighted noise

Audiometers that provide speech signals shall provide a weighted random noise for the
masking of speech. For the loudspeaker output and the reference conditions in 6.1.4 the
spectrum band-limited spectrum level of the weighted random noise as measured acoustically
in the sound field shall be constant from 125 Hz to 1 kHz and shall fall at 12 dB/octave from
1 kHz to 6 kHz. For frequencies above 6 kHz the spectrum level shall not exceed the level at
6 kHz. These characteristics shall meet the acceptance limits given in 6.1.6.

For the uncorrected earphone sound pressure level output, the same specifications shall be
met when measured in an ear simulator or acoustic coupler. For the free-field equivalent
earp ; ency
depehdent difference between the free-field sensitivity level and the close-coupled sénsitivity
levellfor the type of earphone used shall be added to the measured ear simulator Qrgcdustic
coup|er sound pressure levels before applying the acceptance limits.

6.5.4 Other masking sound

If other types of masking sound (such as modulated noise) are provided the manufadturer
shall[specify the frequency spectrum and use.

7 Transducers

7.1 | Types of transducers

The fypes of transducers used in—pure-tone audiometry’consist of different types of earphones
(suptfa-aural, circumaural and insert), bone vibrators and loudspeakers.

7.2 Headband

A headband shall be provided to hold supra-aural or circumaural earphones or bone vibrptors
with |p nominal static force as specified in the ISO 389 series for that model of transducer.
Alterpatively, if a transducer requirgs)a different static force to be used, this shall be stated by
the mpanufacturer, and an appropriate headband shall be provided.

7.3 | Loudspeaker

Whefe a loudspeaker-isiprovided for sound-field audiometry the environment in which |such
audigmetry may be(undertaken may vary considerably from free-field conditions. ISO 8253-2
descfibes the characteristics of free-field, diffuse-field and quasi-free-field conditions aq well
as the proceddres and conditions of use for sound-field audiometry. Manufacturers |shall
descfibe the(test conditions that apply for the measurement of the stated performang¢e of
loudgpeaker-outputs.

8 Signal fevel control

8.1 Marking of pure-tone and speech signal level controls

For pure tones, the signal level control shall be identified by the designation “Hearing Level”
(HL) or an equivalent national designation. For pure tones the zero marking on the hearing
level control shall correspond to an output from the transducers which relates to the reference
equivalent threshold values given in the relevant parts of ISO 389.

For speech signals it shall be clearly marked as to whether the scale refers to sound pressure
level or hearing level. For class A-E and B-E audiometers, the scale shall refer to sound
pressure levels (SPL). For class A and B audiometers, the scale shall refer to hearing level if
a hearing level according to its definition is available for the signal and measurement
conditions used.
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Scales referring to sound pressure level shall include a reference position (zero marking) of
20 dB. Scales referring to the hearing level (HL) shall include a reference position (zero
marking) of 0 dB. Relative to its reference position, the output level control shall cover at least
the range from —10 dB to 80 dB for loudspeaker output and -10 dB to 100 dB for earphone
output levels.

NOTE 1 A sound pressure level of 20 dB corresponds approximately to a common reference speech recognition
threshold level for easily recognizable test material presented monaurally.

NOTE 2 Adjusting the reference level for speech audiometers for known national differences in speech reception
thresholds with differing languages is common practice.

8.2 [Stgmatindicator

If a dignal indicator is provided (see Table 1) to allow the level of the-external input signal to
be monitored for correct operation, the manufacturer shall specify a reading.of the sjignal
indicator that is considered to be a reference point for a stated signal. The indicator may| also
serve to monitor internally generated signals.

The fesponse time characteristics of the level indicator shall be that of¥a VU meter spegified
in IEC 60268-17 when speech signals are used. For other signals themanufacturer shall jstate
the gharacteristics of the S|gnal |nd|cator i.e. tlme we|ght|ng, dynamlc range and regtifier
characteristics. ot

meefithe requirements of IEC 60645-2-

For dpeech signals, the level indicator shall have a reférence position indicating the level to
whiclh an appropriate applied reference or calibration §ignal shall be adjusted.

Mandal signal level adjustment and/or monitoring*may not be applicable for particular [tests
usind fixed signal sources (e.g. speech test material internally stored in the speech
audigmeter) or automatic level adjustmentn this case, the manufacturer shall specify the
appropriate signal level adjustment and/or¥monitoring method.

The jndicator shall be connected at a point in the circuit before the hearing level coptrol.
Provision shall be made in the amplifier for adjustments of its gain to accommodate a range of
20 dB in the overall level of the@jignal presented.

The manufacturer shall state the output level as measured on the specified ear simulafor or
acouptic coupler as ugsed-for the calibration of pure tones, with the hearing level control get at
the stated value and the input activated by a specified signal of stated level which brings the
monifor indicator to its reference indication.

8.3 | Accuracy-of Sound pressure level and vibratory force level acceptance limits

When one’ signal channel is connected to the earphone, the sound pressure level produced
minup the reference equivalent threshold level shall-net-differby be no more than +-3.7 3|0 dB
from the indicated value at any setting of the hearing level dial at indicated frequencies in the
range 125 Hz to 4 kHz and by not more than + 6,2 5,0 dB at frequencies up to and including-8

16 kHz.-At-higher frequencies this difference shall be within = 6,5 dB-

Similarly the force level produced by the bone vibrator minus the reference equivalent
threshold force level shall not differ by more than +-5;5 4,0 dB in the frequency range 250 Hz
to 4 kHz and by +7;0 5,0 dB at higher frequencies.

If more than one channel for signal and/or noise is connected simultaneously to a single
transducer, the output level of either signal (or noise) from the transducer shall not differ by
more than +47 1,0dB from the level obtained when one channel is connected. This
requirement shall be met at frequencies from 125 Hz to 4 kHz. At frequencies from 5 kHz to 8
kHz-atolerance-of 3,2 dB-isrequired these levels shall not differ by more than £ 2,0 dB, and
at frequencies above 8 kHz and up to 16 kHz-a-telerance-of =3;5-dB-isrequired these levels
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shall not differ by more than + 3,0 dB. This shall apply to hearing levels up to 20 dB below the
maximum output level.

Sweep frequency audiometers shall meet the requirements above at all appropriate one-third-
octave frequencies; the output level shall vary smoothly between these frequencies.

8.4 Hearing Signal level control
8.4.1 Manual audiometers

A-hearing For pure tones, the signal level control shall have only one scale, hearing level (HL)
and pne reference zero point which is common for all frequencies.—Tadicator—readings—of
hearing The signal level control shall be marked in intervals of 5 dB or less, with. the |0 dB
setting at each frequency corresponding to the reference equivalent threshold levek

For gpeech signals, the signal level control shall be clearly marked as to whether the scale
referg to sound pressure level or hearing level (HL) for speech.

8.4.2 Automatic-recording audiometers

For all automatic-recording audiometers a rate of change of 2,5dB/s shall be provide¢d. If
additjonal rates are provided they shall be at 1,25 dB/s,and/or 5 dB/s. The—teleqance
acceptance limit shall be +-25 20 %.

The $mallest increment of the hearing level control shallbe stated by the manufacturer.

8.4.3 Accuracy-of Signal level control acceptance limits
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The measured/difference in output level between two successive indications of signal leyel or
hearing, level (HL) which are not more than 5 dB apart shall not deviate from the indi¢ated
diffele¢e by more than three-tenths of the indicated interval measured in dB or by more|than

1 dB | PN H 1l
, WITTUTITITVTOT 1o ollfrdliict.

The maximum accumulated deviation from attenuator linearity at any indicated signal level or
hearing level (HL) dial setting shall not exceed 1,5 dB from the referenced starting point.

Linearity shall be measured relative to the output sound pressure level, or vibratory force
level, produced with the audiometer hearing level control set to the level used for calibration.
Step deviation (difference from indicated value) and accumulated deviation (overall deviation)
can then be determined at any setting as stated in 8.3.
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8.5 Masking sound level control
8.5.1 General

The masking sound level control shall have only one reference zero point that is common for
all frequencies. The masking sound level shall be adjustable in steps of 5 dB or less.

8.5.2 Masking sound level

a) For narrow-band noise the masking level control shall be calibrated in decibels of effective

masking according to I1SO 389-4. If the exact bandwidth of the masking noise is not
k ........ anaoe H=Y |en an /1 400/1 Tnkln 1 _thao mann Aluoc of ~~l imns

i thao limitc fiod
|uvv||, WHAH AR e—HRHS uyuvuuvu T T ot Trrroort V-aHeS—01+€0t

and 2 of ISO 389-4:1994, Table 1, shall be used.

—_

NPTE For EHF instruments the narrow-band masking level-may can be derived from ISO 389-4(1994,|Table
1) presenting data for one-third-octave-bandwidth bands. An approximation would be to-ircrease-therefdrence
X

huivalent-threshold-sound-pressurelevels-by-5-dB use a 5 dB addition to the reference equivalent thrg¢shold
sqund pressure levels.
b) For speech weighted noise the masking sound level control can be specified in terms of
spund pressure level (re 20 pPa) or effective masking sound level. It shall be clearly
marked whether the scale refers to sound pressure level or effeglife masking sound I¢vel.

(9]
~
M

pr other types of sound the masking sound level control-shall be calibrated in spound
pressure level as measured with the earphone on the same ear simulator or acqustic
cpupler as that used for the calibration of pure tones. The“manufacturer shall specify the
operall sound pressure level and the sound pressure leyel in one-third-octave bands|over
the stated frequency range of the masking noise.

8.5.3 Accuracy-of Masking sound level acceptance limits

The |evel of the masking sound produced by(n earphone shall not differ from the indi¢ated

valud by more than-jj- +5,0 / -3,0 dB.

The measured difference in outputibetween any two indications of masking sound level[shall

meet|/the requirements of 8.4.3-forpure-tones.

NOTE| Due to the time-varying nature of-rarrew-band masking signals it may be more convenient to route g pure-
tone tgst signal through the masking attenuator (where this facility exists) for measurement purposes.

8.5.4 Masking sound level range

Purettone masking sound shall be available at levels at least sufficient to mask pure tongs, in
the spme ear; at a hearing level of 60 dB at 250 Hz, 75 dB at 500 Hz and 80 dB from 1 kHz to
4 kHE. The-level of the masking sound shall be adjustable over a range from 0 dB hepring
levelltothese levels, in steps of 5 dB or less.

For speech signal masking sound, the masking sound level control shall, relative to its
reference position, cover at least a range from 0 dB to 80 dB for the loudspeaker and
earphone output level in steps of 5 dB or less.

8.6 Tone Signal switching
8.6.1 Tone Signal switch for manual audiometers

Manual audiometers shall be provided with a—tone switch for the presentation or the
interruption of the test-tene signal. The switch and its associated circuitry shall be such that
the subject will respond to the test-tene signal rather than to the mechanical noise (see 5.7.5)
or to signal switching transients.

NOTE An audiometer may be equipped with an automatic gating function for controlling the duration and/or
repetition rate of a tone pulse.
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8.6.2 On/off ratio for manual audiometers

With the switch in the “OFF” position and the hearing level control at 60 dB or below, the
output shall be at least 10 dB below the reference equivalent threshold level. At higher
hearing level settings and with the switch still in the “OFF” position, the output shall not rise
by more than 10 dB for each 10 dB increase in the hearing level setting above 60 dB.

8.6.3 Rise/fall times for manual audiometers

When the-tene switch is moved to the "ON" position the rise time requirements shall be as
follows (see Figure 1):

When the-tene switch is moved to the "OFF" position, the fall time requirements shall &
follows (see Figure 1):

At ng time during the rise or decay of the tone shall\the sound pressure level produced b
earphone attain a value exceeding 1 dB relative tavits steady state level in the “ON” positi

NOTE| The measurement of AC and DH may require_special consideration due to the uncertainty involved.
8.6.4  Automatic pulsed presentation

Whefe automatic pulsed presentation is made available, the pulse sequence generated
meet|the following requirements.(see Figure 1):

At rise time shall not exceed 200 ms;
B

rise time shall be at least 20 ms;

b
d|scontinuities.

DIH fall time shall not exceed 200 ms;

E|G fall time shall be at least 20 ms;

d|scontinuities.

-

ise time: BC shall be at(east 20 ms and shall not exceed 50 ms;

fall time: EG shall be‘at least 20 ms and shall not exceed 50 ms;

-

ise/fall rates: between B and C and between E and G the sound pressure level shall
smoothly and without discontinuities;

ON" phase/CE shall be at least 150 ms;
ON"/"QEF" times: FJ and JK shall each have values of (225 + 40) ms;
ON’/*OFF” ratio: between G and | the output shall remain at least 20 dB beloy

etween B and C the sound pressure level shall rise in a progressive manner without

e as

between E and G the sound pressure level shall fallin a progressive manner without

y the
on.

shall

vary

the

nmaximum reached in the “ON” phase CE.
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Figure 1 — Rise/fall envelope of test tones

Subject’s response system

esponded to the test signal and controls an appropriate function in the audiometer.

Eubject’s response system is a means by which the testelvis made aware that the subject
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or elg¢ctrical interference that might result in a hearing threshold level measurement error.

8.6.6

The
mant

9

9.1
The 1

Reference tone

e constructed in such a ma
enable easy and reliable operation by one hand without generating-any acoustical §

Subject’s response time for-automated test procedures

ime available for a subjectte respond to a test-stimulus signal shall be specified b
facturer who shall state-the algorithm for the test procedure.

General

y the

ollowing requirements apply where means are provided for the alternate or simultanleous
presg¢ntation-of a reference tone and a test tone of the same or different frequency.

The

and

oo o—atiot ooHteroTro—ooortt

p
intervals. In addition to the main hearing level control by which the sound pressure level of the
test tone is adjusted, this test mode requires an additional hearing level control by which the
level of the reference tone can be set. This latter control is known as the reference tone level
control. The requirements with respect to frequency accuracy, distortion, stability, rise and fall
of the reference tone are as specified in other relevant clauses of this standard.

9.2

Frequencies

As a minimum, the ene-octave frequencies provided in the range 250 Hz to 4 kHz and

addit

ionally 6 kHz shall be available as reference tones for air conduction tests.
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9.3 Reference tone level control
9.3.1 Range
The reference tone level control shall cover a range from 0 dB hearing level to at least 80 dB

hearing level at 250 Hz and to at least 100 dB hearing level at frequencies from 500 Hz to-6
8 kHz.

9.3.2 Intervals

The test tone level, the reference tone level, or both shall be adjustable in intervals of 2,5 dB
or legs-

The ¢ontrol normally intended for the masking sound level may be used as the refefence|tone
level|control provided the requirements of 9.3.3 to 9.3.5 are met.

9.3.3 Marking

The neference tone level control shall be marked as hearing level expresSed in dB (see 84).

9.3.4  Accuracy Acceptance limits

The performance of the reference tone level control shall cahform to the requirements qf 8.3
and B.4. Also, for the same hearing level settings and for the same frequency, the spund
presgure level of the reference tone shall be within +3;7 3,0 dB of the test tone levé¢l for
freqL]encies up to 4 kHz. For frequencies up to 8 kHz the deviation shall be within 62

5,0 dB, and for frequencies up to 16 kHz (where available) the deviation shall be within 6.5
6,0 dB.

9.3.5 Operation
Operption of the reference tone level control shall not influence the output of the test tone by

more| than £+ 1 dB.

10 Calibration

Refefences are providedvin this clause for the calibration of audiometers using supra-pural
earpmones, circumaural) earphones, insert earphones, bone vibrators and loudspeakers|(see
ISO 8253-1, ISO 8253-2 and ISO 8253-3).

The actual valdes of the environmental parameters at the time of calibration shall be stated.

Calibration’ adjustments should be protected either physically (e.g. an internal switch) pr by
passwerd or other means to prevent any unintended change of calibration. Calibration
information stored electronically shall be subject to verification routines to ensure integrity.

Table 5 gives the types of transducer, the standards which specify the appropriate reference
equivalent threshold levels and the ear simulator, reference coupler, mechanical coupler, or
measurement method to be used to undertake the calibration. The static force obtained with
the transducer headband shall also be stated.

For transducers not-listed-in covered by the ISO 389 series the manufacturer shall state the
reference levels, their origins and basis, together with the procedures and equipment to be
used for calibration.

NOTE 1 [SO 389-9 provides details of preferred test conditions for the determination of reference hearing
threshold levels.
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If an earphone, whose reference equivalent threshold levels are given for an ear simulator, is
to be calibrated on an acoustic coupler,—validated-—correction—valuesfor-the-specifictype—of
earphone-shall-be-—applied the manufacturer shall provide the reference equivalent threshold
levels for the specific type of earphone and specific type of coupler to be used. In this case
the calibration of the earphone will not meet the requirements of ISO 389-1 and this shall be
documented in the associated calibration report. Calibration of an earphone in this manner
shall be restricted to Stage B calibration as defined in ISO 8253-1.

NOTE 2 Supra-aural earphones are often used in combination with sound-excluding ear cups. In this case the
RETSPL values for supra-aural earphones may no longer be valid.

T
equivalent threshold levels
Type of transducer Reference equivalent Ear simulator'or
threshold-values levels measurement method
Suprp-aural earphone ISO 389-1 IEC 60318-1
IEC 60318-3
Inseft earphone ISO 389-2 IEC 603184
ISO 389-5 IEC ©60318-5
Circymaural earphone ISO 389-5 TEC60318-1
ISO 389-8
Bong vibrator ISO 389-3 IEC 60318-6
Loudspeaker ISO 389-7 ISO 8253-2

11 Electrical output of test signals

An electrical output may be used to provide signals for external equipment such as a power
amplifier and loudspeaker for sound figld measurements.

The ¢lectrical output shall be capable of providing signals from all signal sources availahle to
the ajudiometer’s transducers-

NoTE| The manufacturershould shall state the output characteristics, including the impedance,
the frequency respofise’ and the voltage available across a specified load under stated
condjtions.

12 Audiogram format

Whefe‘dudiometers d|splay or print out hearing threshold levels, they may be presentgd in
tabularferm—or ylaplllually as—att aux.uuylcull For audluylalllo, ohe—octave—on—the flcq ency
axis shall correspond to 20 dB on the hearing level axis. Where a graphical presentation of
hearing threshold is required, the symbols given in Table 6 should be used. Continuous
straight lines should be used to connect the adjacent points for air conduction. Broken lines
may be used for bone conduction.
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Table 6 — Symbols for the graphical presentation of hearing threshold levels

Test type

Air conduction — unmasked

Example of no response symbols

Air conduction — unmasked

Bone conduction — unmasked, mastoid

Bong

conduction — masked, mastoid

Bonsg

conduction — unmasked, forehead

Bonsg

Right

Air conduction — masked A
C
1

AUl viol XX E

conduction — masked, forehead

If co
conn

For n
along

Whe
to 16

13 1

13.1
Conf

our is used, red shall be used for the right ear and blue for the-left ear symbo
ecting lines.

neasurements limited to the EHF range, the scales shall be such that one-sixth o
the frequency axis corresponds to 10 dB along the hearing level axis.

 presenting the test results graphically in an audiogram covering the range from 12
kHz the format specified in ISO 8253-1:2010, Clause 10 shall be used.
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when a meas

Frement provided also™~that the uncertainty of the measurement used to ag
rmance does not.gxceed the maximum permitted uncertainty (U,,,) in Table 7. \

tion from the stated requirement equals or does not exceed the acceptance limits for

meagurements are na@t ‘appropriate, conformance shall be demonstrated by other meansg, for
exaniple visual inspeg¢tion (e.g. Clause 15) or examination of supporting documentation|(e.g
Clausge 5).

13.2| Environmental conditions and power supply variation

Confprmity with the specifications in 5.3 shall be demonstrated with one sample of |each
differenttype—ofecarpheonedelivered—with-theaudiometerbymeasuringfrequeney—distertion

and sound pressure level at 1 kHz indicated frequency, at a hearing level of 100 dB or at the

maximum hearing level setting, whichever is lower.

indicated-in meet the requirements of 6.2.3.

Distortion measurements shall-be—as

Environmental tests according to 5.3 shall be performed at the following three combinations of
temperature and relative humidity, the ambient pressure being within the range specified in

5.3:

e temperature (15 + 0,5) °C, relative humidity (30 £ 5) %;
e temperature (23 + 0,5) °C, relative humidity (50 £ 5) %;
e temperature (35 = 0,5) °C, relative humidity (90 + 5) %;

e a

nd one additional combination from within the range specified in 5.3.
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For one of the above temperature/relative humidity conditions, the test shall additionally be
performed at both (98 + 1) kPa and (104 + 1) kPa, unless objective evidence is available to
confirm that ambient pressure has no significant effect.

Conformity with each of the specifications in 5.4 and 5.5 shall be demonstrated with one
sample of the type of earphone delivered with the audiometer which can deliver the highest
sound pressure level. Conformance shall be demonstrated by measuring frequency, distortion
and sound pressure level at 1 kHz indicated frequency, at a hearing level of 100 dB or at the
maximum hearing level setting, whichever is lower. Distortion measurements shall-be—as
indicated-in meet the requirements of 6.2.3.

13.3| Electromagnetic compatibility
Electromagnetic compatibility shall be tested and demonstrated.

a) [uring the EMC tests, the audiometer shall be equipped with all the accessories and junits
specified by the manufacturer.

b) The following positions of the audiometer regarding the radiating antenna shall be tested:
0F, 90°, 180° and 270°.

c) Thhe ambient acoustic noise in the EMC testing space shall be)below 55 dB SPL Wwhen
easured with a one-third-octave filter at 1 kHz.

d) The hearing level control of the audiometer shall be\set to its minimum value| the
flequency control to 1 kHz and the tone switch to "ON\for the air conduction transducer
designated as being the right-hand earphone (if applicable).

e) Tlhe EMC tests shall be performed over the frequency range 80 MHz to 2,5 GHz in steps
of 1% of the bandwidth being measured.>Dwell time for each frequency shall be
appropriate to the instrument under test. Testing at a limited number of frequencies |does

npt negate the need to meet the requirements of 5.6 and IEC 60601-1-2.

To ayoid possible effects of electromagnetic fields on the measuring microphone an acqustic
tube [should be inserted between the aGdiometer earphone, together with a suitable adgpter,
or loyildspeaker and the measuring microphone in order to remove it from the higher leve] test
field.

NOTE| Because of the changes amegthanical coupler would cause in the electromagnetic field this device ¢annot
be usgd to measure the output, ofbone vibrators in an electromagnetic field. A suitable method has nof been
develqped.

13.4| Unwanted sound

13.41 Unwanted sound from an earphone

¢ unwanted sound may result in very low acoustic levels that are difficult to measurg, the
unwgnted sound may be determined indirectly by equivalent electrical measurements.| One
methpdds to measure the r.m. S. voltage generated across an approprlate dummy load usked in
place Fe-testearphone W 2-1).
A resistance of the same nominal |mpedance as the earphone at each test frequency is
suitable for this purpose.

a) At a hearing level control setting of 60 dB and with the tone “OFF”, the electrical signal-at
each—frequency within the range 125 Hz to 8 kHz shall be at least 10 dB below the
equivalent electrical signal corresponding to the reference equivalent threshold level for
the centre-frequency of the one-third-octave band.

b) With the tone "ON", the unwanted signal in the non-test earphone, or a substitute dummy
load, shall be at least 70 dB below the test tone measured with the hearing level control
set to 70 dB or greater.

For subjective measurements of unwanted sound from the non-stimulus earphone, no test
subject shall detect any sound in the non-stimulus test earphone for the frequency range,
250 Hz to 6 kHz at any setting of the masking or hearing level controls up to a setting of
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70 dB. For frequencies outside this range but within the range 125 Hz to 8 kHz, no test
subject shall detect any sound other than the test sound up to a setting of 50 dB. The test
shall be conducted in both the “ON” and the “OFF” position of the tone switch.

For higher settings, an external electrical attenuator shall be inserted in the stimulus
earphone connection. Tests for compliance at the higher settings shall be made with the
external attenuator set to a value equal to the number of decibels above the audiometer
hearing level settings minus 70 dB or 50 dB respectively. The opposite earphone shall be
disconnected and the audiometer output terminals connected to an appropriate dummy load
during the test.

In the EHF range no test subject shall detect any unwanted sound from the transducer
coindiding with the presentation of the test tone, even at maximum setting of the _hegring
levellcontrol.

NOTE| Many test subjects with almost no hearing ability at 14 kHz and 16 kHz have very goed hearing at|lower
frequgncies. This fact is not taken into consideration in 5.7 of this standard.

13.42 Unwanted sound from a bone vibrator

The finfluence on an audiometric test result of sound radiation-from the bone vibrator is
characterised as follows:

a) Hirst the bone conduction threshold is determined at 2(kHZ and above at each freqyency
provided by the audiometer, in accordance with  ISO 8253-1:2040, with the tesi ear
occluded with an earplug which provides a mean attenuation of at least 20 dB at the test
flequencies, as measured in accordance with 1S©,4869-1.

b) Step a) is repeated with the earplug removed.
c) At each frequency, the mean values of thehearing thresholds in a) and b) are calculated.

The [influence is regarded as negligible\if 'the mean hearing threshold levels of 16 |ears
meetjng the requirements of 5.7.1 fulfil the requirements that the difference between each pair
of m¢an values shall not exceed 3 dB:

NOTE| The maximum permissible total\harmonic distortion given in Table 4 may lead to false bone condluction
thresholds due to the perception of.harmonics of lower test frequencies.

13.4.3 Unwanted sound radiated by an audiometer

The {est for the requirements in 5.7.4 shall be made on at least two test subjects meeting the
requirements of 5,7.4, wearing a pair of disconnected earphones and located at a distange of
1 m from the audiometer. The electrical output of the audiometer shall be absorbed|in a
resistive load~équal to the impedance of the earphone at 1 kHz; where a bone conduction
facilify is available, the test shall be repeated with unoccluded ears.

13.5| Total harmonic distortion of test signals

Conformity with the specification in 6.2.3 shall be determined at the hearing levels listed in
Table 2 or at the maximum hearing level setting on the audiometer, whichever is the lower,
according to the procedure specified in IEC 60268-3, except that measurement of harmonics
above 16 kHz is not required.

a) For air conduction, distortion shall be measured acoustically on an ear simulator or
acoustic coupler of the type which is used for the specification of equivalent reference
threshold levels.

b) For bone conduction, distortion shall be measured on a mechanical coupler.
Since it is not possible to specify maximum permissible harmonic distortion adequately to

ensure that accurate bone conduction results are obtained for all types of hearing losses, the
manufacturer shall state at which frequencies and at which hearing levels non-linearity of the
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bone vibrator provided-might-impairthe—validity may affect the reliability of bone conduction
measurements.

NOTE Due to the limitations of ear simulators and mechanical couplers, measurements of harmonics may not
accurately describe the non-linear properties of the system.

13.6 Microphone for live voice speech testing

Conformity with the specification in 6.1.6 speech microphone frequency response shall be
performed under free-field conditions using test signals of a constant sound pressure level (re
20 uPa) of 80 dB filtered from white noise by one-third-octave filters according to IEC 61260-1
centered at the preferred one-third-octave frequencies according to ISO 266

13.7 | Signal accuracy
13.71 Accuracy of sound pressure level and vibratory force level

Confprmity with the specifications in 8.3 shall be demonstrated on each indiwidual earphone
by measuring the output at a hearing level setting of 70 dB or the maximum, whicheyer is
lower, at all available frequencies on a stated ear simulator or acodstic coupler. For [pone
vibrators the hearing level setting shall be 30 dB or the maximumy'whichever is lower]| and
meagured on a mechanical coupler as described in IEC 60318-6.

13.72 Accuracy of hearing level control

The @ccuracy of the hearing level control shall at least ©e tested at 1 kHz. If an EHF option is
provided an additional test shall be performed at 8-kHz. Whenever possible, measurements
for donformity with the requirements in 8.4.3 should be made acoustically. If elegtrical
meagurements are made they should be at theinput to the transducer attached to an ear
simulator or acoustic coupler. Alternatively, the transducer may be replaced by a dymmy
electfical load which simulates the transducerat the test frequency.

13.8| Masking sound
13.8/1 Narrow-band noise

Confprmity with 6.5.2 shall besxdemonstrated up to 3,15 kHz by measuring the spectrum gf the
maskKing noise acoustically using the same ear simulator or acoustic coupler as used fdr the
meagurement of pure tones. Above 3,15 kHz the measurement shall be made electrjcally
acrogs the terminals (©f\'the transducer when placed on the same ear simulator or acqustic
coupler.

13.82 Masking sound level

Confprmity \with the specification in 8.5.3 shall be demonstrated using a sound level meter
that ¢onforms to the class 1 requirements of IEC 61672-1, by measuring the S time-weighted,
Z frequency-weighted sound pressure level at a hearing level setting of 70 dB at all avallable
frequencies and with the same ear simulator or acoustic coupler as used for the measurement
of pure tones.

13.9 Headbands
13.9.1 General

The requirements in 7.2 are deemed to be met if the headband static force complies with the
specifications of the 1SO 389 series (or the manufacturer’s specification) for that model of

transducer,—where—the—stated—tolerances—are—inereased—by. The maximum permitted

measurement uncertainties are given in Table 7.
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13.9.2 Supra-aural and circumaural earphone headband

For demonstrating conformity, the earphones shall be horizontally separated by 145 mm and
the height of the headband shall be adjusted at the same time to produce a vertical distance
of 129 mm as measured between the centre (top) of the headband and a line between the
centres of the earphones. The-telerance acceptance limit for the dimensions is £ 5 mm.

13.9.3 Bone vibrator headband

For demonstrating conformity, the spacing of the bone vibrator and the opposite end of the
headband shall meet the requirements of 13.9.2, except for forehead placement where the

spacjngstattbe 90 mmwith=—oterarce theacceptance timmitof =5 mmm

14 Maximum permitted expanded uncertainty of measurements U,

Tabl¢ 7 specifies the maximum permitted expanded uncertainty for a coverage factor of f = 2,
assogiated with the measurements undertaken in this standard. One set of\walues for U}, is
giver] for basic type approval measurements and periodic verification.

The ¢xpanded uncertainties of measurement given in Table 7 arethe maximum permittgd for
demgnstration of conformance to the requirements of this standard. If the actual expanded
unceftainty of a measurement performed by the test labofatory or maintenance service
exceeds the maximum permitted value in Table 7, the measurement shall not be us¢d to
demg@nstrate conformance to the requirements of thig, standard. Please see Annex A for
furthe¢r guidance in the application of Table 7.
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Table 7 — Values of U, for basic measurements

max
Measured quantity Relevant Basic
sub clause number Upax
Sound pressure level 125 Hz to 4 kHz 8.3,9.34 0,7 dB
Sound pressure level 5 kHz to 8 kHz 8.3,9.3.4 1,2 dB
Sound pressure level 9 kHz to 16 kHz 8.3,9.34 1,5 dB
Frequency 6.2.2 0,5 %
Total harmonic distortion 6.2.3 0,5 %
Temperature 5.3, 13.2 0,5 °C
Relafive humidity 5.3, 13.2 5%
Amblent pressure 5.3, 13.2 0,MkPa
Rate| of frequency change 6.2.4 5%
Repegtition rate 6.2.5 5%
Frequency deviation 6.2.5 5%
Freqgpency response 6.3.2 1,0 dB
Narrpw-band masking noise cut-off frequencies 6.5.2 1%
Masking —36 dB level 6.5.2 1,0 dB
Freqpency response speech weighted noise 6.5.3 1%
Leve] of speech weighted noise 6.5.3 1,5 dB
Spedch signal frequency response 6.1.6 1,56 dB
Live [voice microphone frequency response 6.1.8 1,5 dB
Masking sound level 125 Hz to 4 kHz 8.5.3 1,0 dB
Forcg level 250 Hz to 4 kHz 8.3 1,5dB
Forcg level greater than 4 kHz 8.3 2,0 dB
Rate|of change in level (%) 8.4.2 5%
Linegrity of hearing level control-5-dB-to-40-dB-HL 8.4.3 0,4 0,5dB
Riseland fall time 8.6.3, 8.6.4 5 ms
Headband force 7.2 0,3 N
15 IYIarking and instruction manual

15.1 Marking

The audiometer shall be marked with the name of the manufacturer, the model—the-type{see
Fable—1), the serlal number of the mstrument and conform with regulatory and safety marklng
requirements.
transducers: In addltlon the mstrument and/or transducers shall be marked with specmc
identification; to ensure they are used together.

The left and right earphones shall be readily identifiable. If the earphones are colour coded
the left earphone shall be coded blue and the right earphone red.
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15.2 Instruction manual

An instruction manual shall be supplied with the audiometer and shall include at least the
information listed below:

a)

b)

d)

e)

f)
g)

h)

p)

q)

The type and class (see Table 1)forwhich—theinstrument-comples—with—this—standard

and, the number and year of this standard which the instrument claims to comply, and all
applicable regulatory and safety requirements, a description of the facilities provided and
full operating instructions.

Permissible power supply variations and environmental conditions to ensure conformity
with 5.3 and 5.5.

escription of the correct manner of installing the audiometer for normal use in order to
inimise the effect of unwanted sound radiation (see 5.7).

Igentification of the transducers and their reference equivalent thresholdy levels.| The
origins of reference levels other than ISO shall be stated together with the"ear simulator,
r¢ference coupler, mechanical coupler or measurement method used fan ' calibration| The
sfatic force provided shall be stated. It shall be stated whether the calibration of the pone
brator refers to mastoid or forehead placement.

v
Frequency response characteristics and masking effect of the .masking sounds proyided
(see 6.5 and 8.5). The manufacturer shall state the actual bapndwidth of the narrow-pand
masking noise.
Warm-up time (see 5.4).
S

ensitivities and nominal impedances of all input facilities; available voltage and nominal
mpedance of all output facilities; pin assignment of\all external plug connections.

Mode of operation and rate of change of sound pressure level of automatic-recofding
a’leiometers. For audiometers with continuously variable frequency, the rate of chanpe of
flequency shall be given.

Where frequency modulated signals *are provided the manufacturer shall statg the
following characteristics and-telerances acceptance limits that apply:

—| the frequency of the modulating\signal;

the modulation waveform, i’e:’sine wave or triangular;

the modulation range expressed as a percentage of the test frequency.

(0))]

ound attenuation characteristics of the earphones as measured in accordance| with
5O 4869-1.

aximum hearing.level settings provided at each test frequency including limitatiops in
se due to harmenic distortion.

2O

ffects of ajrborne sound-radiation—of radiated by the bone vibrator and means to obtain
e correCt)test results

=m c =

or speech classes A-E and B-E audiometers, for the type of earphone provided and for
epcly preferred frequency in the range from 125 Hz to 6,3 kHz, the difference betweeh the
flee—field—sensithw SW-E ra-the—close—coupled-sensiivitytevel of-theearphene ef test

signals consisting of one-third-octave bands of white noise centered at these frequencies.

Reference calibration level; the manual shall contain a warning that only recorded speech
material with a stated relationship with the calibration signal should be used. If the speech
and calibration signal are not at the same level the method of calibration shall be
described. If the level of the calibration signal and the average level of the speech
material are different, calibration and test methods should be modified as recommended
by the producer of the speech test material.

Information about the time window for subject’'s response for automated test procedures
according to 8.6.6.

For battery operated instruments: type of battery, means of checking the battery and
method of replacement, expected battery life time.

Maintenance and calibration procedures and schedules. ISO 8253-1:2040, ISO 8253-2
and ISO 8253-3 give appropriate information.
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r) EMC warning: a warning shall be given as to the likely effects of radiated electromagnetic
fields, particularly from high powered medical devices on the performance of the
audiometer.
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Annex A
(informative)

Relationship between tolerance interval, corresponding acceptance
interval and the maximum permitted uncertainty of measurement

This part of IEC 60645, in common with other IEC standards, uses adaptations of the
guidelines from ISO/IEC Guide 98-4, Uncertainty of measurement — Part 4: Role of
measurement uncertainty in conformity assessment (equivalent to guidance document JCGM
106 from the Joint Committee for Guides in Metrology), as the basis for demonstration of
confdrmance of an Instrument 1o the speciiications given i this document. Q

ISO/IEC Guide 98-4 describes guarded acceptance in terms of toleran \/te vals,
acceptance intervals and uncertainties of measurement. N

Q

To pfomote clarity for users and testing laboratories, the IEC has adoptec{ policy whereby
tolergnce limits around design goals are not explicitly stated, but be determined if
requifed from the specified acceptance limits for allowed deviation ibo a design goa| and
the dorresponding specified maximum permitted uncertainty of @urement, by using the
illustfation in Figure A.1.

& .

Umax
L, Al /)Q "
\‘<
D
’ Naud N
T . ®$ Ty
A\ IEQ
xO

Key N~

. Q)
Al Acceptance interval C)\\
TI Tolerance interval .
Unax | Guard band for the um permitted uncertainty of measurement for a 95% coverage interval
A, Lower acceptan@mit
4 Upper acce @é limit
T, Lower t ce limit
Ty Upp. rance limit

\<(/ Figure A.1 — Relationship between tolerance interval, corresponding
i \ Ximu i U inty u

The limits of an acceptance interval are associated with the acceptance interval and not with
the guard band for the maximum permitted uncertainty of measurement. Hence a measured
deviation equal to a limit of an acceptance interval demonstrates conformance to a
specification, providing also that the uncertainty of the measurement from the laboratory
performing a test does not exceed the specified maximum permitted uncertainty.
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2)

3)

4)

5)

6)

7)

8)

9)

Interpationaly"Standard IEC 60645-1 has been prepared by IEC technical committee
EIecToacoustics.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS - AUDIOMETRIC EQUIPMENT -

Part 1: Equipment for pure-tone and speech audiometry

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
all| national electrotechnical committees (IEC National Committees). The object of IEC is_to pr

end and in addition to other activities, IEC publishes International Standards, Technical|Specifica
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National £€emmittee inte
in |[the subject dealt with may participate in this preparatory work. International, govefnmental and
governmental organizations liaising with the IEC also participate in this preparation. |EC collaborates g
with the International Organization for Standardization (ISO) in accordance withvconditions determin|
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international ‘'use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to,ensure that the technical content
Publications is accurate, IEC cannot be held responsible forthe way in which they are used or fd
mipinterpretation by any end user.

In|order to promote international uniformity, IEC National*Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in theirjnational and regional publications. Any diver
between any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, accéss to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its (diréctors, employees, servants or agents including individual exper
members of its technical committe€s;'and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn to theyNormative references cited in this publication. Use of the referenced publicati
indispensable for the"correct application of this publication.

At{ention is drawn\to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. [ECshall not be held responsible for identifying any or all such patent rights.
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This fourth edition cancels and replaces the third edition, published in 2012, and the first
edition IEC 60645-2, published in 1993. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

This edition now includes the requirements for both pure-tone (prior edition of IEC 60645-1)
and speech audiometers (prior edition of IEC 60645-2) into a single document. The technical
requirements in this edition remain similar to the intent of the prior two documents, but now
eliminate technical and editorial contradictions caused by two separate standards with
different review cycles applying to an audiometer.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
29/927/FDIS 29/941/RVD

2017

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This

document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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of all parts in the IEC 60645 series, published under the general title Electroacaus
bmetric equipment, can be found on the IEC website.

e standards in this series will carry the new general title as cited above. Titles of ex
ards in this series will be updated at the time of the next edition.
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tommittee has decided that the contents of this document will remait unchanged untjil the

ity date indicated on the IEC website under "http://webstore.iec(chi" in the data relat
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placed by a revised edition, or
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INTRODUCTION

Developments in the field of hearing measurements for diagnostic, hearing conservation and
rehabilitation purposes have resulted in the availability of a wide range of audiometers. In
addition it is possible to consider the audiometer in terms of a set of functional units which
can be specified independently. By specifying these functional units it is then possible to
specify the performance of other audiometric equipment which use these units. The
IEC 60645 series consists of a number of parts. IEC 60645-1 is the first in the series and
covers the requirements for both pure-tone and speech audiometers.

This

n are

desig
spee

standard describes the Inprfnrm:mr‘p rpquirpmpntq for pure-tone audiometers whic

ned for the measurement of hearing in the frequency range from 125 Hz to 16 kHz
ch audiometers, which are designed for performing live or recorded speech audiome

When speech signal facilities are provided by an audiometer, performance requirement

giver
may
partig

for both live voice and recorded speech material. Although live voice spgech audior

ularly with children, and therefore a specification is included in order’to ensure as h

degrg¢e of reliability as possible. This standard does not specify the-speech material th

used

Spee
this
relev

for test purposes or the required acoustic properties of the test xoom.1

ch audiometers use earphones or loudspeakers to present signals to the test subje
standard, specifications of the performance charactefistics of speech audiometers
ant calibration and test methods are given with respéct to both a free-field equiv

output level method and an uncorrected ear simulatorsortacoustic coupler output level me

In onder to relate earphone listening to sound-field listening, the concept of a free

equiy
and

alent output level of an earphone, as described in IEC 60268-7, is used for specific
easurement purposes.

Althqugh it is recognised that bone vibfators are used for speech audiometry purposes,
perfgrmance can be extremely variable when using speech signals. Therefore only k

“‘goo
prom

The

Conf
meas
acce
meas
stang
editiq

practice” specifications foripone conduction using speech signals are providg
ote consistency when this eapability is provided.

brmance to the performance specification in this standard is demonstrated wh
ptance limit(s),~and the laboratory has demonstrated that the associated uncertain

ard. The.requirements for an audiometer are essentially the same as in the pre
ns of JEE'60645-1 and IEC 60645-2.

and
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not be capable of meeting the requirements of this standard, it is_widely praciiiced,
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est requirements to demonstrate audiometer conformity are now specified separately.
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ured deviation.'from a design goal equals or does not exceed the corresponding

ty of

urement edquals or does not exceed the maximum permitted uncertainty specified in this

Vious

1 Th

ese requirements are specified in ISO 8253-1.
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ELECTROACOUSTICS - AUDIOMETRIC EQUIPMENT -

Part 1: Equipment for pure-tone and speech audiometry

Scope

2017

This part of IEC 60645 specifies general requirements for audiometers designed for use in
detefmining hearing threshold levels, relative to standard reference threshold il
estaljlished by means of psychoacoustic test methods, and those designed to_pe
psychoacoustic tests using speech material.

The ¢bject of this standard is to ensure:

a)

b)

c)

d)

2

that tests of hearing in the frequency range 125 Hz to 16 kHz on_a ‘given human
performed with different pure-tone audiometers which comply with’ this standard,
stibstantially the same results;

that the results obtained represent a valid comparison between the hearing of thg
tgsted and the reference threshold of hearing;

pvels
form

ear,
give

b ear

that a means of presenting speech material to a subject in a standardized man
rovided. This will ensure that tests of hearing using a specific speech signal
pecific manner of signal presentation, when performed with different audiometers
bmply with this standard, give substantially the‘same results;

n T

[®]

that audiometers are classified accordingc{a*the range of test signals they preg

Normative references

The following documents are referfed to in the text in such a way that some or all of

contgnt constitutes requirements_of this document. For dated references, only the exition

cited|applies. For undated references, the latest edition of the referenced document (incl
any gmendments) applies.

IEC 60268-3, Sound system equipment — Part 3: Amplifiers

IEC 60268-7, Sound system equipment — Part 7: Headphones and earphones

IEC 60268=1%, Sound system equipment — Part 17: Standard volume indicators

apcording to the mode of operation or according to their presumed primary application.

er is
nd a
vhich

sent,

their

ding

IEC 60318-1, Electroacoustics — Simulators of human head and ear — Part 1: Ear simulat
the measurement of supra-aural and circumaural earphones

br for

IEC 60318-3, Electroacoustics — Simulators of human head and ear — Part 3: Acoustic coupler
for the calibration of supra-aural earphones used in audiometry

IEC 60318-4, Electroacoustics — Simulators of human head and ear — Part 4: Occluded-ear
simulator for the measurement of earphones coupled to the ear by means of ear inserts

IEC 60318-5, Electroacoustics — Simulators of human head and ear — Part 5: 2 cm? coupler
for the measurement of hearing aids and earphones coupled to the ear by means of ear
inserts

IEC 60318-6, Electroacoustics — Simulators of human head and ear — Part 6: Mechanical
coupler for the measurement of bone vibrators
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IEC 60601-1, Medical electrical equipment — Part 1. General requirements for basic safety
and essential performance

IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for basic safety
and essential performance - Collateral standard: Electromagnetic disturbances -
Requirements and tests

IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1:
Specifications

IEC

ISO 266, Acoustics — Preferred frequencies

ISO $89-1, Acoustics — Reference zero for the calibration of audiometric equipment — Part 1:
Refeftence equivalent threshold sound pressure levels for pure tones. and supra-aural
earphones

ISO $89-2, Acoustics — Reference zero for the calibration of audiometric equipment — Part 2:
Refefrence equivalent threshold sound pressure levels for pure toné€s and insert earphonefs

ISO 389-3, Acoustics — Reference zero for the calibration of‘atudiometric equipment — Part 3:
Refetence equivalent threshold force levels for pure tones@nd bone vibrators

ISO $89-4:1994, Acoustics — Reference zero for the calibration of audiometric equipment —
Part B: Reference levels for narrow-band masking noise

ISO 889-5, Acoustics — Reference zero for thé’calibration of audiometric equipment — Part 5:
Refefrence equivalent threshold sound pressure levels for pure tones in the frequency range
8 kHg to 16 kHz

ISO 389-7, Acoustics — Reference*zero for the calibration of audiometric equipment — Part 7:
Refetence threshold of hearing under free-field and diffuse-field listening conditions

ISO 389-8, Acoustics — Reference zero for the calibration of audiometric equipment — Part 8:
Refefence equivalent sthreshold sound pressure levels for pure tones and circumpaural
earphones

ISO 4869-1, Agoustics — Hearing protectors — Part 1: Subjective method for the measureiment
of sound attenvation

ISO 8253-1:2010, Acoustics — Audiometric test methods — Part 1: Pure-tone air and |bone
conduction audiometry

ISO 8253-2, Acoustics — Audiometric test methods — Part 2: Sound field audiometry with pure-
tone and narrow-band test signals

ISO 8253-3, Acoustics — Audiometric test methods — Part 3: Speech audiometry

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:


https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

-10 - IEC 60645-1:2017 © IEC 2017

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

equipment for pure-tone audiometry

pure-tone audiometer

instrument for the measurement of hearing for pure tones and in particular of the threshold of
hearing

Note 1 to entry: The pure-tone audiometer may be either of a fixed or continuous sweep frequency type.

3.2
mantial audiometer
audigmeter in which signal presentation and recording of results are performed manually

3.3
automatic-recording audiometer
audiometer in which signal presentation, hearing level variation, frequency selectign or
frequency variation and recording of the subject’s responses are implemented automatically

Note 1 to entry: Hearing level change is under the subject’s control and is recorded automatically.

3.4
equipment for speech audiometry

speech audiometer

instrument for the measurement of hearing using spe€ch*material

3.5
air conduction
transmission of sound through the external and middle ear to the inner ear

3.6
bong conduction
stimylation of the inner ear mediated primarily by mechanical vibration of the cranial bongs

3.7
extended high-frequency
EHF
audigmetric test frequency in the range from 8 kHz to 16 kHz

Note 1 to entry: The.frequency 8 kHz is considered both as the highest frequency in the conventional rande and
as thellowest frequency of the extended high-frequency range.

3.8
otolggically normal person
person —anormat-stateofhealth-whoisfree-from—att c;ylla and aylllptunla ofeardisease and

from obstructing wax in the ear canal and has no history of undue exposure to noise, to
potentially ototoxic drugs, or of familial hearing loss

3.9

equivalent threshold sound pressure level

monaural earphone listening

for a given ear, at a specified frequency, for a specified type of earphone and for a stated
force of application of the earphone to a human ear, the sound pressure level set up by the
earphone in a specified ear simulator or acoustic coupler when the earphone is activated by
that electrical input which, with the earphone applied to the ear, would correspond to the
threshold of hearing
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3.10

equivalent threshold force level

monaural listening

for a given ear, at a specified frequency, for a specified configuration and model of bone
vibrator on a specified mechanical coupler, the force level set up by the bone vibrator in a
specified mechanical coupler when the bone vibrator is activated by that voltage which, with
the bone vibrator applied to the mastoid prominence or to the forehead, would correspond to
the threshold of hearing

Note 1 to entry: This definition requires the non-test ear to be masked in accordance with ISO 389-4.

3.11
reference equivalent threshold sound pressure level
RET$PL

at a gpecified frequency, the median, mean or modal value of the equivalent threshold spund
presgure levels of a sufficiently large number of ears of otologically normal persons of|both
sexe$ aged between 18 years and 25 years inclusive, expressing the thresheld-of hearing in a
specified ear simulator or acoustic coupler for a specified earphone type

Note 1 to entry: Values of RETSPL are specified in ISO 389-1, ISO 389-2, ISO 389¢5.and 1SO 389-8.

Note 4 to entry: Some parts of the ISO 389 series specify reference equivalent\threshold levels for the age|group
18 years to 30 years inclusive.

3.12
reference equivalent threshold force level
RETFL

at a|specified frequency, the mean value of the/ equivalent threshold force levels |of a
suffigiently large number of ears of otologically nermal persons of both sexes aged between
18 years and 25 years inclusive, expressing>-the threshold of hearing on a spetified
mechanical coupler for a specified configuration and model of bone vibrator

Note 1 to entry: Mean values of reference equivalent threshold force levels are specified in ISO 389-3.

Note 24 to entry: Some parts of the ISO 389.series specify reference equivalent threshold levels for the age|group
18 years to 30 years inclusive.

3.13
clos¢-coupled sensitivity
at a piven frequency, thé quotient of the sound pressure level generated by the earphope in
an edr simulator or acoustic coupler and the voltage applied to the terminals of the earphpne

3.14
clos¢-coupledisensitivity level
ten times the\ogarithm to the base ten of the quotient of the squared close-coupled sensitivity
by the squared reference sensitivity, expressed as 1 Pa/V

3.15
free-field sensitivity

at a given frequency and for at least 10 otologically normal subjects, the quotient of the sound
pressure level of a frontally incident plane progressive sound wave (0° sound incident) and of
that voltage of equal frequency which is applied to the terminals of the earphone in order that
the subjects, on average, judge the sound wave and the sound produced by the earphone as
equally loud, with both sounds being received in the same ear

Note 1 to entry: Test methods are described in IEC 60268-7. Though the loudness comparison may be performed
binaurally, the resulting sensitivity is that of a single earphone.

3.16

free-field sensitivity level

ten times the logarithm to the base ten of the quotient of the squared free-field sensitivity to
the squared reference sensitivity, expressed as 1 Pa/V
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Note 1 to entry: Free-field sensitivity and free-field sensitivity level of a bone vibrator are defined in a
corresponding way.

3.17

free-field equivalent earphone output level

for a speech audiometer, the sound pressure level generated by an earphone corrected by the
difference between the close-coupled and the free-field sensitivity levels of the earphone

3.18

hearing level of a pure tone
HL

at a specified frequency, for a specific type of transducer and for a specified manner of
applifation, the sound pressure level or the vibratory force level set up by the transducer in a
spec|fied ear simulator, acoustic coupler or mechanical coupler minus the appropriate
RET$PL or RETVFL

3.19
hear|ng threshold level for pure tones
at a $pecified frequency, the threshold of hearing at that frequency expréssed as hearing |level

Note 1 to entry: Methods for determining thresholds of hearing are specified in 1IS©_8253-1.

3.20
hear|ng level for speech
for a|specified speech signal and a specified manner of signal presentation, the speech|level
minup the appropriate reference speech recognition thréshold level

3.21
speech signal
test gignal generated by a natural human or synthetic voice

3.22
speech level
sounf pressure level or vibratoryOforce level of the speech signal as measured iph an
appropriate ear simulator, acoustic coupler or mechanical coupler or in a sound field| with
specified frequency weighting.and specified time weighting

h recognition threshold level
evel

given test\subject, a specified speech signal and a specified manner of signal
prese¢ntation, the-lowest speech level at which the speech recognition score is equal to 50 %

a 3 3 a a - cian—Value
of the speech recognition threshold levels of a sufficiently large number of otologically normal
test subjects, of both sexes, aged between 18 years and 25 years inclusive and for whom the
test material is appropriate

3.25

ear simulator

device for measuring the acoustic output of sound sources where the sound pressure is
measured by a calibrated microphone coupled to the source so that the overall acoustical
impedance of the device approximates that of the normal human ear at a given location and in
a given frequency band

Note 1 to entry: Two types of ear simulator are specified in IEC 60318-1 and IEC 60318-4.
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3.26

acoustic coupler

device for measuring the acoustic output of sound sources where the sound pressure level is
measured by a calibrated microphone coupled to the source by a cavity of predetermined
shape and volume which does not necessarily approximate the acoustical impedance of the
normal human ear

Note 1 to entry: Two types of acoustic coupler are specified in IEC 60318-3 and IEC 60318-5.

3.27

mechanical coupler
devige—desigred—to—present—a—spescified—nechanicalimpedance—to—a—vibrator—applied—with a
specf|fied static force and equipped with a mechano-electric transducer to enablg the
alterpating force level at the surface of contact between the vibrator and the mechgnical

coupler to be determined

Note 1 to entry: A mechanical coupler is specified in IEC 60318-6.

3.28
masking
procgss by which the threshold of hearing of a sound is raised by\the presence of anpther
(masking) sound

3.29
effedtive masking level
level|of a specified masking sound which is numerically. equal to that hearing level to which
the plure-tone threshold of the notional normal perseh would be raised by the presence of that
masHKing sound

Note 1 to entry: The notional normal person is one_whose hearing conforms to the standards for threshold and
effective masking (1ISO 389-1, ISO 389-2, ISO 389-4 and ISO 389-8).

Note 7 to entry: Effective masking is thus analggous to hearing level (see 3.18), i.e. it is a measure of sounfl on a
physidal scale, independent of the particular ear under test.

Note § to entry: Reference values for effective masking are given in ISO 389-4.

3.30
speeich weighted noise
weighted random noise<or the masking of speech

3.31
effeqtive masking level for speech
level|of a specified masking sound which is numerically equal to that hearing level for speech
to which thésspeech recognition threshold level for a specified speech signal for a nofional
normjal hearing person would be raised by the presence of that masking sound

Note 1 to entry: The notional normal person is one whose hearing conforms to the standards for threshold and
effective masking (ISO 389-1 and ISO 389-4).

4 Requirements by type and class of audiometer

Pure-tone audiometers are specified as four different types by the requirements for minimum
mandatory facilities in Table 1. Other facilities are not precluded. The four types relate to their
presumed primary application.

Speech audiometers are specified as two classes, and the requirements for minimum facilities
are given in Table 1.
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Table 1 — Minimum facilities for audiometers

Pure-tone types s&zzzh
Facility Type 1 Type 2 Type 3 Type 4 EHF 9 Class |Class
Advanced | Clinical Basic Screening | Extended A B
clinical/ diagnostic [monitoring high-
research frequency
Transducers
— two earphones X X X X X xd X4
— two insert earphones X
-  twpteud-speakers—erelectrical X X X
oufputs ©
— bope conduction X X X X
Hearing levels and Test frequencies X X X X X X X
(see Table 2)
Outpyt level control X X X X X X X
Masking level control X X X X X X
Test gignal switching
— présentation/interruption X X X X2 X X X
— pulsed tone X X X
— frdquency modulation (FM) X X
Refergnce tone ¢
— alternate presentation X X
— sirpultaneous presentation X
Spee¢h input
— signal level indicator X X X X
— acpustical or visual monitor for X X
speech test material
— intpgrated playback device or input xf xf e xf
for] external signal
— migrophone for live voice testing X
— opgrator and subject speech X
cofnmunication
Masking
— nafrow-band noise X X X X
— sppech spectrum noise X X
Routipg of masking
— coptralateral earphone X X X X X X
— ipgilateral earghone X X
— loydspeaker.or electrical output © X X X
— bope viprator X X
Subjefct résponse system X X X xa X
Signalndicator X X X X X
Monitoring of test signal X X X
Talk-forward system X X X
Talk-back system X X

a

b

[

Not mandatory for manual audiometers.
Not mandatory for automatic-recording audiometers.
The minimum requirement is for presentation of reference tones of the same frequency as the test tones.

Free-field equivalent is not mandatory but is recommended. Where this is provided the audiometer shall be
additionally designated as speech class E. The audiometer will therefore be class A-E or class B-E.

The manufacturer shall specify how conformity with this standard is to be achieved if the power amplifier and
loudspeakers are not supplied with the audiometer.

The replay device is not always supplied by the manufacturer of the audiometer.
The extended high-frequency range (EHF) is optional for all four types of pure tone audiometers.
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5 General requirements

5.1 General safety requirements

Audiometers shall conform to IEC safety requirements (see IEC 60601-1) except where
otherwise specified in this standard.

5.2 Acoustic safety requirements

As audiometers are capable of producing sound pressure levels that could cause hearing
damage, a non-auditory warning indication to the operator is required for all settings above
100 dB hearing level (HL).

5.3 Environmental conditions

The $pecifications shall be met for combinations of temperature within the range of 15 [C to
35 °Q, relative humidity within the range of 30 % to 90 % and ambient pressure within the
rang¢ of 98 kPa to 104 kPa.

The actual values of the environmental parameters at the time of calibration shall be stated.

Meagqured reference equivalent threshold sound pressure levels may differ significanfly at
ambigent pressures outside the above range. Therefore calibration at the site of the user ynder
their| typical ambient pressure and temperature conditions should be undertakerr. In
circumstances where the calibration site and the user site do not share similar ampient
cond|tions, appropriate corrections for environmental effects should be applied as
recommended by the manufacturer.

5.4 | Warm-up time

The performance requirements shall be:met after the stated warm-up time has elapsed and
after|any setting up adjustments have been carried out in accordance with the manufactyrer’s
instructions. The minimum warm-up~time shall be specified by the manufacturer but shall not
exceed 10 min when the audiometer has been kept at the ambient temperature of thg test
envirpnment.

5.5 | Power supply variation
5.5.1 Interruption‘of power supply

If any interruptionof the power supply occurs for up to 5 s, the audiometer shall rever{ to a
cond|tion that-will neither endanger the subject’s hearing, nor yield invalid results.

5.5.2 Mains operation

The specifications shall be met when any long-ierm deviaiion in mains supply voltage or
frequency, in combination, is the least favourable within the limits of £ 10 % of the stated
mains supply voltage and + 5 % of the stated mains frequency.

If any complete interruption of the line voltage occurs up to 5 s, the audiometer shall revert to
a condition that will neither endanger the subject’s hearing, nor yield invalid results.

5.5.3 Battery operation

The manufacturer shall specify the limits of battery voltage within which the specifications
shall be met. A suitable indicator shall be provided to ensure that the battery voltage is within
the specified limits. The specification of the audiometer shall be met at all battery voltages
within the specified limits.
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5.5.4 Other power supplies

If the audiometer is powered by means other than by mains or battery, the manufacturer shall
state the type of power supply, its characteristics and tolerances within which the
specifications of the audiometer shall be met.

5.6 Electromagnetic compatibility

During, and as a result of, any EMC immunity testing, under the EMC test conditions
according to IEC 60601-1-2, the unwanted sound from any air conduction transducer shall not
exceed a hearing level corresponding to 80 dB. 13.3 provides methods for showing
conformity-

5.7 Unwanted sound
5.7.1 General

Objegtive acoustical measurements (see 13.4) may be impracticable for” testing fof the
presgnce of unwanted sound from the audiometer. Therefore, subjective tests shall be
perfdrmed using at least two otologically normal test subjects whose-héaring threshold Igvels
shall[not exceed 10 dB for the test frequencies 250 Hz to 8 kHz. The test room for subjgctive
tests|shall meet the requirements of ISO 8253-1:2010, Table 4 (see the right hand column of
table). For EHF audiometers these tests shall cover frequengies’up to the highest frequency
availgble.

NOTE| For the frequency range above 8 kHz test rooms accordifig to ISO 8253-1 have shown in pracfice to
provide sufficiently low ambient noise levels.

5.7.2 Unwanted sound from and between any-combination of transducers

The following measurements shall be completed by the manufacturer as part of an audiometer
design validation to ensure the intended_requirements of 5.7 are met in any combinatipn of
transducers. Testing shall be conducted *for crosstalk, breakthrough or leakage betweg¢n or
from|all transducers, for example: earphones, insert earphones, bone vibrator, loudspeakers,
or mpnitors. Any unwanted sound(present in any non-active transducer shall be less|than
0 dB|HL. This shall be measured-in one-third-octave bands throughout the full test capdgbility
provided by the audiometer. The unwanted sound present in any one-third-octave band|shall
not gxceed the reference souhd pressure levels or force levels, specific for each non dctive
translducer measured. Measurements shall be made electrically.

This requirement shall be met with all selected active transducers signals switched on, get to
a hepring level.0f\'60 dB or maximum output whichever is lower. The electrical indirect
meagurement_method shall be used to validate performance as described in 13.4.1.

5.7.3 Unwanted sound from an earphone

‘ cal-sig 8 a—variety of
ways within the audiometer when the signal switch is “OFF”. An unwanted tone (commonly
called breakthrough or cross talk) may also occur in the non-test earphone when the test tone
is “ON”. Specific requirements and an indirect electrical measurement method as well as a
subjective method of verifying performance shall be employed as described in 13.4.1.

An unwanted tone may also occur in the earphone due to the signal switch not being
completely effective. Requirements for the signal switch are described in 8.6.

5.7.4 Unwanted sound from a bone vibrator

The manufacturer shall state at which test frequencies the bone vibrator might radiate sound
to such an extent that the sound reaching the test ear by air conduction through the
unoccluded ear canal may affect the reliability of the bone conduction measurement. The
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manufacturer shall also state the possible extent of this affect. A method to show conformity
with this requirement is given in 13.4.2.

5.7.5 Unwanted sound radiated by an audiometer

Where audiometers are intended to be used with the subject in the same room, any sound
due to the operation of the audiometer controls during the actual listening test, radiation from
the audiometer, or radiation from any part of a computer system used in conjunction with the
audiometer, shall be inaudible at each hearing level setting up to and including 50 dB. A
method to show conformity with this requirement is given in 13.4.3.

This [limitation on noise coming from controls applies to any noise that could furnish the
patient with a clue which might influence the test results. It is not intended to apply[to a
mechanism such as a patient activated switch, an output selection switch or a detent op the
frequency switch that might emit noise, but will not influence the test results.

5.8 | Testing of automatic-recording audiometers

Automatic-recording audiometers shall be provided with means to adequately contro] the
signgls for the purpose of measuring the characteristics of the audiometer.

5.9 Interface connections

No upintentional change of the audiometer’s calibration shallbe possible via any interfacg.

6 Test signals

6.1 | Speech signals

6.1.1 Speech signal general requirements

Speech audiometers shall provide the minimum range of hearing levels as indicated in the

The{anufacturer shall state the characteristics and acceptance limits of the signals provjided.
appropriate column of Table 2.

For the results of earphone“speech audiometry using class A-E and B-E audiometers {o be
comparable to those of loudspeaker sound-field testing, or to the results from using different
typeq of transducer, sound-field equivalent measurement conditions shall be used to spgecify
and flest the characteristics of the speech audiometer.

For ¢tlass A,and class B audiometers where there is no requirement to maintain [such
comparability;-the uncorrected earphone measurement conditions shall be used to specify and
test the characteristics of the speech audiometer.

For acceptance Timits for using uncorrected earphoneé measurement conditions, S€€ 6.3.2.

6.1.2 Free-field equivalent earphone output level

For class A-E and B-E audiometers, the output sound pressure level and overall frequency
response of the speech audiometer, including the earphone, shall be specified in terms of
free-field equivalent sound pressure level. The basic method for measuring the free-field
equivalent sound pressure level of earphones is described in IEC 60268-7.

NOTE Routine calibrations can be performed using an ear simulator or acoustic coupler and applying correction
figures for the difference between the free-field sensitivity level and the close-coupled sensitivity level for the type
of earphone under test.
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6.1.3 Uncorrected earphone output level

For class A and B audiometers, the output sound pressure level and overall frequency
response of the speech audiometer, including the earphone, shall be specified in terms of the
uncorrected sound pressure level measured in an ear simulator according to IEC 60318-1 or
IEC 60318-4 or an acoustic coupler according to IEC 60318-3 or IEC 60318-5. The
manufacturer shall specify the method of measurement and the employed ear simulator or
acoustic coupler.

6.1.4 Loudspeaker output level

Th $ $ 2| 1 ] A U_f £+ ™y 2 H t
e MULPUL OUUTIU PTTOOoUTT  TUVET diimTu UvVETAIT TTTYUUTTIVY TTCOPUITTOL UT UTNTC OopL T Ul dUuutul e er

inclugling the loudspeaker shall be specified as measured in a sound field at a mihimum
distahce of 1 m on the reference axis of the loudspeaker.

NOTE| the performance measured under reference conditions might not apply in conditions otherithan in a [sound
field and at a distance of 1 m.

6.1.5 Bone vibrator output level

For ¢lass A-E and B-E audiometers, the output vibratory force levéb and overall frequency
response of the speech audiometer including the bone vibrator shall be specified in terms of
free-field equivalent sound pressure level. If corresponding data for the type of bone viQrator
used| does not exist, the characteristics shall be specified in{terms of uncorrected vibratory
force| level measured on a mechanical coupler complying with IEC 60318-6.

6.1.6 Speech signal frequency response

For the reference conditions given in 6.1.4, and‘the signals as specified in 13.6, the output
sounf pressure level generated by the loudspeaker shall be within the following accepfance
limitg:

Using one-third-octave-band filters the“sound pressure level generated by the loudspgaker
with Bny test signal centered around the centre frequency of the filter in the frequency range
from|250 Hz to 4 kHz shall not differ by more than = 5 dB from the average sound pregsure
level| of all test signals in thiscrange. For any test signal between 4 kHz and 6,3 kHz the
acceptance limit is + 8 dB.

Acceptance limits outside the frequency range given above shall be specified by the
manyfacturer.

If loudspeakers_ are not provided, the frequency response requirements of 6.3.2 for earphlones
shall|be met.

6.1.7 Calibration signal

The specifications and test methods for speech audiometers are based on the assumption
that the calibration signal level of the recorded speech material is the same as the average
level of the speech material when measured in a specified manner.

The calibration signal shall be either a speech weighted noise, as specified in 6.5.3, or as
specified in ISO 8253-3. If a different calibration signal is used, its characteristics shall be
specified by the provider of the speech test material.

6.1.8 Live voice microphone frequency response

The microphone frequency response shall meet the requirements specified in 6.1.6 or if
loudspeakers are not provided, the frequency response requirements of 6.3.2 for earphones
shall be met. The manufacturer shall state how the microphone is to be used (for example,
angle of incidence) to meet these requirements.
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6.1.9

Scale reference and output level

Scales referring to sound pressure level shall include a reference position of 20 dB. Scales
referring to hearing level shall include a reference position of 0 dB. Relative to its reference
position, the output level control shall cover at least a range from -10 dB to 80 dB for
loudspeaker output and -10 dB to 100 dB for earphone output levels.

NOTE A sound pressure level of 20 dB corresponds approximately to a common reference speech recognition
threshold level for easily recognizable test material presented monaurally.

6.1.10 Distortion requirements for speech signals

6.1.1

The
shall
the s

6.1.1

0.1

Earphone output

otal harmonic distortion of the earphone output shall meet the requirements 6f-67.2.

0.2

be measured using a pure-tone signal which is + 9 dB above the reference indicati
gnal level indicator.

Loudspeaker output

The fotal harmonic distortion of the signal generated by the loudspeaKer shall not exceed

This
press

shall be measured with the same input conditions as in 6.1.10:1, but at an output s
ure level of 80 dB. The total harmonic distortion shall (be less than 10 % at 1(

outpyit sound pressure level for the same frequencies

6.1.1

0.3

Bone vibrator output

The fotal harmonic distortion of the bone vibrator output shall meet the requirements of 6

3 but
bn of

3 %.
ound
0 dB

2.3.
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Table 2 — Minimum number of frequencies to be provided and the minimum

range of values of hearing level for type and class of audiometer

Frequency Hearing levels (HL) in dB 2
in Hz The minimum hearing level shall be -10 dB.
Type 1 Type 2 Type 3 Type 4
Air Bone Air Bone Air Bone Air
125 70 60
250 90 45 80 45 70 35 70
500 120 60 110 60 100 50 70
59 +26 60
1{000 120 70 110 70 100 60 70
1[600 120 70 110 70
2000 120 70 110 70 100 60 70
31000 120 70 110 70 100 60 70
41000 120 60 110 60 100 50 70
61000 110 50 100 90 70
81000 100 90 80
Exteinded high frequency audiometers (EHF) — All types ¢
*8/000 100
91000 90
*1(0 000 90
11/ 200 80
*12 500 70
14000 70
*1¢ 000 60
Speé¢ch signals ®
Class A Class B
Air Bone Loudspeaker Air
100 60 80 100

b Hor the SPL range reguiréments for speech signals when provided, see 6.1.9.

Nlandatory testesignal frequencies for extended high frequency audiometers.

2 Yound field / loudspeaker outputs within the range of 250 Hz to 6 000 Hz shall be within 20 dB of thosg for
gir, for each instrument type.

¢ The minimum hearinglevel for all EHF audiometers shall be -10 dB HL or lower at frequencies above 8 kHz.

6.2 Pure‘tones

6.2.1L —~ Frequency range and hearing level range

6.2.1.1 General requirements

The manufacturer shall state the characteristics and acceptance limits of the signals provided.

Fixed frequency audiometers shall have test frequencies for which the minimum range of
hearing level values is indicated in the appropriate column of Table 2 for supra-aural
earphones and bone vibrators. For Type 1 audiometers using circumaural or insert ear-
phones, the maximum hearing levels may be 10 dB less than the tabulated values over the
frequency range 500 Hz to 8 kHz. Additional frequencies up to 8 kHz may be used where
RETSPL values are given in the ISO 389 series.

For sweep frequency audiometers, the range of frequencies and hearing levels shall be at
least equal to those given in Table 2 for fixed frequency audiometers.
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EHF test signals in the frequency range from 8 kHz to 16 kHz shall include the one-sixth-
octave frequencies as specified in 1ISO 266. Their frequencies and corresponding hearing
level ranges are presented in Table 2. The following EHF test signal frequencies are
mandatory: 8 kHz, 10 kHz, 12,5 kHz and 16 kHz.

NOTE Some EHF instruments have the capability of going up to 20 kHz, but at present no standardized reference
threshold data are available.

6.2.1.2 Test signal level range for earphones

The minimum hearing level shall be -10 dB or lower.

Due o the large spread of hearing threshold levels in normal hearing subjects at the hi#hest
frequencies a minimum hearing level of —10 dB is not sufficient to reach threshold\in many
subjdcts. Consequently, a minimum hearing level of less than =10 dB is recommended.

6.2.2 Frequency acceptance limits

For fixed frequency audiometers, the frequencies shall be equal to thée~stated values Within
the following acceptance limits:

Type[1 and 2: +1%
Type|3 and 4: +2%

For dontinuous sweep frequency audiometers, the frequeney of the test tone shall agred with
the vplue indicated on the audiogram within + 5 %.

6.2.3 Total harmonic distortion

The maximum total harmonic distortion shallnét exceed the values given in Table 3.

Table 3 — Maximum permissible acoustic total harmonic distortion,
for supra-aural, circumaural, insert earphones and bone vibrators

Air conduction Bone conduction
Frequency range in Hz @ 125 109200 |250 to 400 |500 to 8 000 (250 to 400 |500 to 800 |1 000 to 4 000
Hearing level ® in dB 75 90 110 20 50 60
Total harmonic distortion inh %12,5 2,5 2,5 5,5 5,5 5,5

NOTH For speech signals requirements see 6.1.10.

2 THese ranges‘elate to the one-third-octave centre frequencies.

b Of maximuni-output level of the audiometer, whichever is lower. For circumaural and insert earphones the
hdaringlevel shall be 10 dB less than the levels specified in the table.

6.2.4 Rate of frequency change

Where automatic recording facilities include a continuous sweep frequency, at least one of the
rates of frequency change available shall be one octave per minute + 20 %. If an automatic-
recording audiometer provides fixed frequencies, a minimum period of 30 s shall be allowed at
each frequency.

6.2.5 Frequency modulation
If frequency modulated tones are provided they shall have the following characteristics:

a) Carrier frequency

The carrier frequency shall be chosen from the audiometric test frequencies specified in
Table 2 with an acceptance limit of £ 3 % of the stated value.
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b) Waveform of modulating signal

The waveform of the modulating signal shall be either sinusoidal or triangular with
symmetrical rising and falling portions on a linear or on a logarithmic frequency scale.

If the modulating waveform is sinusoidal, its total harmonic distortion shall not exceed
5 %. If it is triangular, its ramps shall not deviate from a linear form by more than 5 % of its
amplitude. For a triangular waveform, the duration of the rising and falling portions shall
not differ by more than 10 %.

c) Repetition rate of modulating signal

The repetition rate of the modulating signal shall be within the range of 4 Hz to 20 Hz with
apacceptance limit of + 10 % of its stated value

d) Hrequency deviation

The frequency deviation shall be in the range from + 2.5 % to + 12.5 % of the carrier
frequency with an acceptance limit of £ 10 % of its stated value.

6.3 | External signal sources
6.3.1 Signals
All eixternal inputs, which involve the use of speech signals ar-ether complex signdls in

additjon to pure tones, are considered in the following clause’s,;6.3.2, 6.3.3,6.3.4,6.3.9 and
6.3.6

6.3.2 Frequency response

For 3 constant voltage applied to the external input/socket, the output sound pressure [level
genefated by the earphone, as measured in the;same ear simulator or acoustic coupler as
used| for the calibration of the audiometer, shall not differ by more than + 4 dB from the
average sound pressure level of all test signals in the frequency range 250 Hz to 4 kHZ. For

+4
any gignal in the range below 250 Hz the acceptance limit is _q4 dB and above 4 kHg the

C 4
acceptance limit is J_r6 dB.

For fhe bone vibrator output;’the manufacturer shall specify the frequency response| and
acceptance limits in the frequency range from 250 Hz to 4 kHz.

6.3.3 Playback device input

The [audiometers-in conjunction with its playback device input and an electrical squrce
specified by themanufacturer, shall fulfill the requirements of 6.1.6 for speech signals uss

%

6.3.4 , Signal-to-noise ratio for playback device input

£ 70 10 1

At armroutputtevetcontrotsettingof 70dB=and-withthetevetof thecatibration—signat—setto the
reference indication of the signal level indicator, the voltage level at any transducer input
terminal, measured with frequency weighting A according to IEC 61672-1, shall be at least
45 dB higher than that obtained when the playback system is stopped in a pause mode. The
manufacturer shall specify how conformity with this requirement is to be achieved if the
playback system is not supplied with the speech audiometer.

NOTE this test includes measurement of the performance of the playback system, the audiometer and any
external amplifiers.

6.3.5 Electrical sensitivity

The manufacturer shall specify the electrical sensitivity of the external input in terms of the
voltage of a stated input signal required for a stated output sound pressure level, when the
signal indicator is at its reference position.
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6.3.6 Reference level for external signal source

The external signal shall be capable of being monitored by a signal indicator (see 8.2). The
reference level shall be stated when the signal indicator is at its reference position.

6.4 Operator and test subject speech communication
6.4.1 General

The requirements for operator to test subject and test subject to operator communication are
dependent upon the type of testing to be performed. Where these functions are provided for
pure tone Qnrﬁnmnfry nnly, the raqnirnmnnfc of 642 and-6-4-3-shallbemet—\Where-these
functjons are provided for performing live voice speech audiometry 6.4.4 shall be met|and,
wher the test procedure requires the subject to provide a vocal response, 6.4.5 shall'be met.

The ¢omponents and installation methods used for these functions can differ in.many asplects.
Howgver, it is known that the performance of these functions may significantly influence test
reliability. If a specific configuration or installation is required to ensure approgriate
perfgrmance, this shall be stated by the manufacturer in the instruction fmanual.

6.4.2 Operator to test subject speech communication (talk-forward)

This |facility shall allow speech communication from the opérator to the test subject ynder
normial test conditions. It should be possible to present the ‘operator’s voice to the test subject
via the transducers being used for that specific test.

The level of the operator’s voice presented to the tést subject should be controlled to prevent
any effect on the reliability of test results and to-prevent the introduction of distortion, for
exaniple from signal clipping.

An indicator shall be provided to show when this function is active.

6.4.3 Test subject to operator speech communication (talk-back)

This |facility shall allow speech-€ommunication from the test subject to the operator ynder
normfal test conditions. The microphone used by the test subject shall be positioned so that it
accufately relays the test subject’'s voice to the operator and provides both freqyency
response and signal townoise characteristics which will ensure that the operator can reliably
hear [the test subject when they are speaking at a normal conversational level and are lo¢ated
at the test position far' that particular test.

6.4.4 Operator to test subject speech communication for live voice speech
audiometry

The
any - v, A y v ~ v cHeato v, provaea v,
operators can monitor their own voice level to ensure that an appropriate speech level is
being presented to the test subject and to prevent the introduction of distortion, for example
from signal clipping.

The position of the microphone relative to the mouth of the operator (live voice talker) shall be
specified by the manufacturer. With the microphone located at this position, the overall
frequency response of the operator to test subject speech communication system, when using
a loudspeaker as the test transducer shall meet the relevant requirements of 6.1.6, and shall
meet the requirements of 6.3.2 when using earphones as the test transducer.
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6.4.5 Test subject to operator speech communication for vocal response speech
audiometry

2017

The position of the microphone relative to the mouth of the test person shall be specified by

the manufacturer. For sound-field speech audiometry this position may be specified relati
the test reference point (ISO 8253-3).

ve to

With the microphone located at this position, and with a sound source located at the position
of the test subject’s mouth in their absence, the overall frequency response of test subject to

operator speech communication system when using a loudspeaker to monitor the
subject’s response, shall meet relevant requirements of 6.1.6.

test

Wher|\ using earphones to monitor the test subject’s response the earphone output, meas
in anl appropriate ear simulator or acoustic coupler as specified by the manufactureér,
meet|the relevant requirements of 6.3.2.

6.5 | Masking sound
6.5.1 General
For gqudiometers which provide masking sound, all measurements;ef'the masking sound

be mjade in the same ear simulator, acoustic coupler or mechahical coupler as is used i
pure{tone measurements.

For gure tones, it is considered that the appropriate masking noise is narrow-band noise.

For gpeech signals it is considered that the appropriate masking noise is speech weig
noisqg.

Alterpatively, modulated noise may be used:

6.5.2 Narrow-band noise

Whefe narrow-band masking is(.réquired, the noise band shall be centred geometr
around the test frequency. Theband limits for the masking noise are given in Table 4.

Outs|de these band limjts.the sound pressure spectrum density level of the noise shall fi
a rat¢ of at least 12 dBper octave for at least three octaves and outside these three octa
shall|be at least 36(dB below the level at the centre frequency. Measurements are requir

ured
shall

shall
n the

hted

cally

all at
es it
ed in

the range from 315 kHz to 10 kHz for instruments limited to 8 kHz. For EHF instruments

meagurements{are required up to 20 kHz.

Due o limitations of transducers, ear simulators, acoustic couplers and mechanical couj
meagurements of the bandwidth at 4 kHz and above may not accurately describe

lers,
the

spectdm of thg mackina noise Therefore—at  caentre freauencies a2hove 3 15
22 tH RaS«HgG +E+8+0+H8—at+—6ceRH-6—H e qU8hREI8S—ab B Ve—oo1C

ot HoOTOO-

measurements shall be made electrically across the transducer terminals.

kHz
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Table 4 — Narrow-band masking noise: upper and lower cut-off frequencies
for a sound pressure spectrum density level of —3 dB referenced to the level
at the centre frequency of the band

Lower cut-off frequency Upper cut-off frequency
Centre frequency in Hz in Hz
in Hz
Minimum Maximum Minimum Maximum
125 105 111 140 149
160 136 143 180 190
200 168 178 224 238
250 210 223 281 297
315 265 281 354 375
400 336 356 449 476
500 420 445 561 595
630 530 561 707 749
750 631 668 842 892
800 673 713 898 951
1000 841 891 1120 1190
1250 1050 1110 1400 1490
1500 1260 1340 1680 1780
1600 1350 1430 1800 1900
2 000 1680 1780 2 240 2 380
2 500 2100 2 230 2 810 2970
3 000 2 520 2670 3370 3 570
3150 2 650 2 810 3 540 3750
4 000 3360 3 560 4 490 4760
5 000 4 200 4 450 5610 5950
6 000 5 050 5 350 6 730 7 140
6 300 5 300 5610 7 070 7 490
8 000 6 730 7 130 8 980 9 510
9 000 7 570 8 020 10 100 10 700
10 000 8410 8910 11 220 11 890
11 200 9420 9 980 12 570 13 320
12 500 10 510 11 140 14 030 14 870
14,000 11770 12 470 15710 16 650
16,000 13 450 14 250 17 960 19 030

NOTE 1 The bands of noise correspond to one-third octaves as a minimum and one-half octaves as a maximum.
At centre frequencies of 400 Hz and above these bands are wider than the critical bands for the same effective
masking and thus require an overall sound pressure level greater than critical bands for effective masking by
approximately 3 dB (see ISO 389-4). The use of wider bands has the advantage of minimising perceived tonality
of masking noise.

NOTE 2 The minimum and maximum lower and upper cut-off frequencies, f,(min.), f(max.), f,(min.) and f, (max.),
are given by the following formulae (see IEC 61260):

f(min.) = £, j21/4 fi(max.) = f, /218
fi(min) = £ x 2" £ (max.) = £, x 214

where 1 is the centre frequency.

NOTE 3 The given values are rounded to the first three significant digits (for 11 200 Hz and above to four)
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6.5.3 Speech weighted noise

Audiometers that provide speech signals shall provide a weighted random noise for the
masking of speech. For the loudspeaker output and the reference conditions in 6.1.4 the
spectrum band-limited spectrum level of the weighted random noise as measured acoustically
in the sound field shall be constant from 125 Hz to 1 kHz and shall fall at 12 dB/octave from
1 kHz to 6 kHz. For frequencies above 6 kHz the spectrum level shall not exceed the level at
6 kHz. These characteristics shall meet the acceptance limits given in 6.1.6.

For the uncorrected earphone sound pressure level output, the same specifications shall be
met when measured in an ear simulator or acoustic coupler. For the free-field equivalent
earp ; ency
depehdent difference between the free-field sensitivity level and the close-coupled sénsitivity
level|for the type of earphone used shall be added to the measured ear simulator Qr dacdustic
coup|er sound pressure levels before applying the acceptance limits.

6.5.4 Other masking sound

If other types of masking sound (such as modulated noise) are provided the manufadturer
shall[specify the frequency spectrum and use.

7 Transducers

7.1 | Types of transducers

The fypes of transducers used in audiometry consist of different types of earphones (sypra-
aurall, circumaural and insert), bone vibrators and loudspeakers.

7.2 Headband

A headband shall be provided to hold supra-aural or circumaural earphones or bone vibrptors
with |p nominal static force as specified in the ISO 389 series for that model of transducer.
Alterpatively, if a transducer requirgs)a different static force to be used, this shall be stated by
the nmpanufacturer, and an appropriate headband shall be provided.

7.3 | Loudspeaker

Whefe a loudspeaker-isiprovided for sound-field audiometry the environment in which |such
audigmetry may be(undertaken may vary considerably from free-field conditions. ISO 8253-2
descfibes the characteristics of free-field, diffuse-field and quasi-free-field conditions ag well
as the proceddres and conditions of use for sound-field audiometry. Manufacturers |shall
descfibe the(test conditions that apply for the measurement of the stated performang¢e of
loudgpeaker-outputs.

8 Signal fevel control

8.1 Marking of pure-tone and speech signal level controls

For pure tones, the signal level control shall be identified by the designation “Hearing Level”
(HL) or an equivalent national designation. For pure tones the zero marking on the hearing
level control shall correspond to an output from the transducers which relates to the reference
equivalent threshold values given in the relevant parts of ISO 389.

For speech signals it shall be clearly marked as to whether the scale refers to sound pressure
level or hearing level. For class A-E and B-E audiometers, the scale shall refer to sound
pressure levels (SPL). For class A and B audiometers, the scale shall refer to hearing level if
a hearing level according to its definition is available for the signal and measurement
conditions used.
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Scales referring to sound pressure level shall include a reference position (zero marking) of
20 dB. Scales referring to the hearing level (HL) shall include a reference position (zero
marking) of 0 dB. Relative to its reference position, the output level control shall cover at least
the range from —10 dB to 80 dB for loudspeaker output and -10 dB to 100 dB for earphone
output levels.

NOTE 1 A sound pressure level of 20 dB corresponds approximately to a common reference speech recognition
threshold level for easily recognizable test material presented monaurally.

NOTE 2 Adjusting the reference level for speech audiometers for known national differences in speech reception
thresholds with differing languages is common practice.

8.2 [Stgmatindicator

If a signal indicator is provided (see Table 1) to allow the level of the input signal o be
monitored for correct operation, the manufacturer shall specify a reading of the dignal
indicator that is considered to be a reference point for a stated signal. The indicator may| also
serve to monitor internally generated signals.

The fesponse time characteristics of the level indicator shall be that of¥a VU meter spegified
in [IEC 60268-17 when speech signals are used. For other signals themanufacturer shall [state
the gharacteristics of the signal indicator, i.e. time weighting, dynamic range and regtifier
characteristics.

For gpeech signals, the level indicator shall have a reference position indicating the level to
whiclh an appropriate applied reference or calibration signal’shall be adjusted.

Manual signal level adjustment and/or monitoring. may not be applicable for particular [tests
usind fixed signal sources (e.g. speech testymaterial internally stored in the speech
audigmeter) or automatic level adjustment. In this case, the manufacturer shall specify the
appropriate signal level adjustment and/or manitoring method.

The jndicator shall be connected at a‘point in the circuit before the hearing level coptrol.
Provision shall be made in the amplifier for adjustments of its gain to accommodate a range of
20 dB in the overall level of the signal presented.

The manufacturer shall state_the output level as measured on the specified ear simulator or
acouptic coupler as used.for the calibration of pure tones, with the hearing level control get at
the sftated value and thetinput activated by a specified signal of stated level which bringg the
monitor indicator to its-reference indication.

8.3 | Sound pressure level and vibratory force level acceptance limits

minup the/reference equivalent threshold level shall be no more than = 3,0 dB from the
indicated value at any setting of the hearing level dial at indicated frequencies in the range
125 Hz to 4 kHz and by not more than + 5,0 dB at frequencies up to and including 16 kHz.

WheE onessignal channel is connected to the earphone, the sound pressure level pro;’tced

Similarly the force level produced by the bone vibrator minus the reference equivalent
threshold force level shall not differ by more than + 4,0 dB in the frequency range 250 Hz to
4 kHz and by + 5,0 dB at higher frequencies.

If more than one channel for signal and/or noise is connected simultaneously to a single
transducer, the output level of either signal (or noise) from the transducer shall not differ by
more than + 1,0 dB from the level obtained when one channel is connected. This requirement
shall be met at frequencies from 125 Hz to 4 kHz. At frequencies from 5 kHz to 8 kHz these
levels shall not differ by more than + 2,0 dB and at frequencies above 8 kHz and up to 16 kHz
these levels shall not differ by more than + 3,0 dB. This shall apply to hearing levels up to
20 dB below the maximum output level.
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Sweep frequency audiometers shall meet the requirements above at all appropriate one-third-
octave frequencies; the output level shall vary smoothly between these frequencies.

8.4 Signal level control
8.4.1 Manual audiometers

For pure tones, the signal level control shall have only one scale, hearing level (HL) and one
reference zero point which is common for all frequencies. The signal level control shall be
marked in intervals of 5 dB or less, with the 0 dB setting at each frequency corresponding to
the reference equivalent threshold level.

For 4peech signals, the signal level control shall be clearly marked as to whether the'scale
referg to sound pressure level or hearing level (HL) for speech.

8.4.2 Automatic-recording audiometers

For all automatic-recording audiometers a rate of change of 2,5 dB/s, shall be provide¢d. If
additjonal rates are provided they shall be at 1,25 dB/s and/or 5 dB/s.'The acceptance| limit
shalllbe + 20 %.

The $mallest increment of the hearing level control shall be stated by the manufacturer.

8.4.3 Signal level control acceptance limits

The measured difference in output level between two'successive indications of signal level or
hearing level (HL) which are not more than 5 dB.apart shall not deviate from the indi¢ated
diffefflence by more than three-tenths of the indicated interval measured in dB or by more|than
1 dBJ whichever is smaller.

The maximum accumulated deviation from*attenuator linearity at any indicated signal leyel or
hearing level (HL) dial setting shall not'éxceed 1,5 dB from the referenced starting point.

Linegrity shall be measured relative to the output sound pressure level, or vibratory force
levell produced with the audiemeéter hearing level control set to the level used for calibration.
Step|deviation (difference from indicated value) and accumulated deviation (overall devigtion)
can then be determined at any setting as stated in 8.3.

8.5 | Masking soundlevel control

8.5.1 General

all frequencies. The masking sound level shall be adjustable in steps of 5 dB or less.

The ¥1asking sound level control shall have only one reference zero point that is commqgn for

8.5.2 Masking sound level

a) For narrow-band noise the masking level control shall be calibrated in decibels of effective
masking according to 1ISO 389-4. If the exact bandwidth of the masking noise is not
known, within the limits specified in ISO 389-4:1994, Table 1, the mean values of columns
1 and 2 of ISO 389-4:1994, Table 1, shall be used.

NOTE For EHF instruments the narrow-band masking level can be derived from ISO 389-4:1994, Table 1,
presenting data for one-third-octave bands. An approximation would be to use a 5 dB addition to the reference
equivalent threshold sound pressure levels.

b) For speech weighted noise the masking sound level control can be specified in terms of
sound pressure level (re 20 uPa) or effective masking sound level. It shall be clearly
marked whether the scale refers to sound pressure level or effective masking sound level.

c) For other types of sound the masking sound level control shall be calibrated in sound
pressure level as measured with the earphone on the same ear simulator or acoustic
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coupler as that used for the calibration of pure tones. The manufacturer shall specify the
overall sound pressure level and the sound pressure level in one-third-octave bands over
the stated frequency range of the masking noise.

8.5.3 Masking sound level acceptance limits

The level of the masking sound produced by an earphone shall not differ from the indicated
value by more than +5,0 / -3,0 dB.

The measured difference in output between any two indications of masking sound level shall
meet the requirements of 8.4.3.

NOTE| Due to the time-varying nature of masking signals it may be more convenient to route a pure=torje test
signal|through the masking attenuator (where this facility exists) for measurement purposes.

8.5.4 Masking sound level range

Purettone masking sound shall be available at levels at least sufficient to mask pure tongs, in
the spme ear, at a hearing level of 60 dB at 250 Hz, 75 dB at 500 Hz and .80 dB from 1 kHz to
4 kHE. The level of the masking sound shall be adjustable over a range from 0 dB hepring
levellto these levels, in steps of 5 dB or less.

For $peech signal masking sound, the masking sound leyel_control shall, relative fo its
reference position, cover at least a range from 0 dB to 80" dB for the loudspeaker| and
earphone output level in steps of 5 dB or less.

8.6 | Signal switching
8.6.1 Signal switch for manual audiometers

Mandal audiometers shall be provided withxa switch for the presentation or the interruptipn of
the test signal. The switch and its assagiated circuitry shall be such that the subject will
respgnd to the test signal rather thaf’to the mechanical noise (see 5.7.5) or to sjgnal
switching transients.

NOTE| An audiometer may be equipped with an automatic gating function for controlling the duration gnd/or
repetifion rate of a tone pulse.

8.6.2 On/off ratio foromanual audiometers

With [the switch in the“*OFF” position and the hearing level control at 60 dB or below, the
output shall be at least 10 dB below the reference equivalent threshold level. At hjgher
hearing level settings and with the switch still in the “OFF” position, the output shall not rise
by mpre than™0 dB for each 10 dB increase in the hearing level setting above 60 dB.

8.6.3 Rise/fall times for manual audiometers

When the switch is moved to the "ON" position the rise time requirements shall be as follows
(see Figure 1):

e AC rise time shall not exceed 200 ms;

e BC rise time shall be at least 20 ms;

e between B and C the sound pressure level shall rise in a progressive manner without
discontinuities.

When the switch is moved to the "OFF" position, the fall time requirements shall be as follows
(see Figure 1):

e DH fall time shall not exceed 200 ms;

e EG fall time shall be at least 20 ms;


https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

-30 - IEC 60645-1:2017 © IEC 2017

e between E and G the sound pressure level shall fall in a progressive manner without
discontinuities.

At no time during the rise or decay of the tone shall the sound pressure level produced by the
earphone attain a value exceeding 1 dB relative to its steady state level in the “ON” position.

NOTE The measurement of AC and DH may require special consideration due to the uncertainty involved.
8.6.4 Automatic pulsed presentation

Where automatic pulsed presentation is made available, the pulse sequence generated shall
meet _the following requirements (see Figure 1)

-

ise time: BC shall be at least 20 ms and shall not exceed 50 ms;

e f3ll time: EG shall be at least 20 ms and shall not exceed 50 ms;

-

ise/fall rates: between B and C and between E and G the sound pressuré level shalll vary
sfnoothly and without discontinuities;

e "ON" phase: CE shall be at least 150 ms;
. DN"/"OFF" times: FJ and JK shall each have values of (225 + 40)ns;

e “ON"/’OFF” ratio: between G and | the output shall remain-at least 20 dB below the
nlaximum reached in the “ON” phase CE.

D Instant of switch operation (OFF
. | P p ( ) t .
1 /[ D\ ys N\ o
C E
F J K
-6
B \ G |
‘28 i X 7 \
— J/ N— N
H
dB v A\ Instant of switch operation (ON)

IEC

Figure 1 — Rise/fall envelope of test tones

8.6.5 Subject’s response system

The subject'sresponsesystemisameans by whichthetester s madeaware—thatthe—subject
has responded to the test signal and controls an appropriate function in the audiometer.

The subject’s response system shall be constructed in such a manner as to enable easy and
reliable operation by one hand without generating acoustical sound or electrical interference
that might result in a hearing threshold level measurement error.

8.6.6 Subject’s response time for automated test procedures

The time available for a subject to respond to a test signal shall be specified by the
manufacturer who shall state the algorithm for the test procedure.
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9 Reference tone

9.1 General

The following requirements apply where means are provided for the alternate or simultaneous
presentation of a reference tone and a test tone of the same or different frequency.

The operator shall be able to present the tones conveniently for suitable durations and
intervals. In addition to the main hearing level control by which the sound pressure level of the
test tone is adjusted, this test mode requires an additional hearing level control by which the
level of the reference tone can be set. This latter control is known as the reference tone level
contrpl. The requirements with respect to frequency accuracy, distortion, stability, rise and fall
of th¢ reference tone are as specified in other relevant clauses of this standard.

9.2 | Frequencies

As a|minimum, the octave frequencies provided in the range 250 Hz to 4 kHz7and additignally
6 kHz shall be available as reference tones for air conduction tests.

9.3 | Reference tone level control
9.3.1 Range
The feference tone level control shall cover a range from 0,dB hearing level to at least §0 dB

hearing level at 250 Hz and to at least 100 dB hearing- level at frequencies from 500 Hz to
8 kHg.

9.3.2 Intervals

The {est tone level, the reference tone level{ or both shall be adjustable in intervals of 2(5 dB
or legs.

The ¢ontrol normally intended for the masking sound level may be used as the reference|tone
level|control provided the requirements of 9.3.3 to 9.3.5 are met.

9.3.3 Marking

The neference tone level-control shall be marked as hearing level expressed in dB (see 84).

9.3. Acceptance limits

The performance of the reference tone level control shall conform to the requirements qf 8.3
and B.4. Also, for the same hearing level settings and for the same frequency, the spund
presgure\lével of the reference tone shall be within + 3,0 dB of the test tone levgl for
frequencies up to 4 kHz. For frequencies up to 8 kHz the deviation shall be within + 5,0 dB,
and for frequencies up to 16 kHz (where available) the deviation shall be within + 6,0 dB.

9.3.5 Operation

Operation of the reference tone level control shall not influence the output of the test tone by
more than + 1 dB.

10 Calibration

References are provided in this clause for the calibration of audiometers using supra-aural
earphones, circumaural earphones, insert earphones, bone vibrators and loudspeakers (see
ISO 8253-1, ISO 8253-2 and ISO 8253-3).
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The actual values of the environmental parameters at the time of calibration shall be stated.

Calibration adjustments should be protected either physically (e.g. an internal switch) or by
password or other means to prevent any unintended change of calibration. Calibration
information stored electronically shall be subject to verification routines to ensure integrity.

Table 5 gives the types of transducer, the standards which specify the appropriate reference
equivalent threshold levels and the ear simulator, reference coupler, mechanical coupler, or
measurement method to be used to undertake the calibration. The static force obtained with
the transducer headband shall also be stated.

For transducers not covered by the ISO 389 series the manufacturer shall state the reference
levelg, their origins and basis, together with the procedures and equipment to be“used for
calibfation.
NOTE| 1 1SO 389-9 provides details of preferred test conditions for the determination (©f reference hgaring
threshold levels.
If an|earphone, whose reference equivalent threshold levels are given'for an ear simulatpr, is
to bg¢ calibrated on an acoustic coupler, the manufacturer shalloprovide the refenence
equijalent threshold levels for the specific type of earphone and specific type of coupler o be
used| In this case the calibration of the earphone will not meet(the requirements of ISO 389-1
and fhis shall be documented in the associated calibration report. Calibration of an earphone
in this manner shall be restricted to Stage B calibration as defined in ISO 8253-1.
NOTE|2 Supra-aural earphones are often used in combination®with sound-excluding ear cups. In this cage the
RETSPL values for supra-aural earphones may no longer be valid.
Table 5 — Standards specifying reference equivalent threshold levels
Type of transducer Reference equivalent Ear simulator or
threshold levels measurement method
Suprp-aural earphone ISO 389-1 IEC 60318-1
IEC 60318-3
Inseft earphone ISO 389-2 IEC 60318-4
ISO 389-5 IEC 60318-5
Circymaural earphone ISO 389-5 IEC 60318-1
ISO 389-8
Bong vibrator ISO 389-3 IEC 60318-6
Loudspeaker ISO 389-7 ISO 8253-2
11 Electrical output of test signals

An electrical output may be used to provide signals for external equipment such as a power

ampl

ifier and loudspeaker for sound field measurements.

The electrical output shall be capable of providing signals from all signal sources available to

the a

The

udiometer’s transducers.

manufacturer shall state the output characteristics, including the impedance,

the

frequency response and the voltage available across a specified load under stated conditions.
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12 Audiogram format

Where audiometers display or print out hearing threshold levels, they may be presented in
tabular form or graphically as an audiogram. For audiograms, one octave on the frequency
axis shall correspond to 20 dB on the hearing level axis. Where a graphical presentation of
hearing threshold is required, the symbols given in Table 6 should be used. Continuous
straight lines should be used to connect the adjacent points for air conduction. Broken lines
may be used for bone conduction.

Table 6 — Symbols for the graphical presentation of hearing threshold levels

Test type

Air cpnduction — unmasked

Example of no response symbols

Air cpnduction — unmasked

Right

Air cpnduction — masked A
C
1

Bong conduction — unmasked, mastoid

Bong conduction — masked, mastoid

Bong conduction — unmasked, forehead

A lulviol XiXE

Bong conduction — masked, forehead

If colour is used, red shall be used for the right ear and blue for the left ear symbol and
conngcting lines.

For measurements limited to the EHF range, the scales shall be such that one-sixth o¢tave
along the frequency axis corresponds.to10 dB along the hearing level axis.

When presenting the test results!graphically in an audiogram covering the range from 135 Hz
to 16{ kHz the format specified\in’ISO 8253-1:2010, Clause 10 shall be used.

13 Test requirements‘to demonstrate conformity

13.1| General

Confprmancé to the requirements of this standard is demonstrated when a meagured
devigdtion from the stated requirement equals or does not exceed the acceptance limits fof that
requirement provided also that the uncertainty of the measurement used to agsess
confgrmance does not exceed the maximum permitted uncertainty (U,,,,) in Table 7. \Vhen
measurements are not appropriate, conformance shall be demonstrated by other means, for
example visual inspection (e.g. Clause 15) or examination of supporting documentation (e.g.
Clause 5).

13.2 Environmental conditions and power supply variation

Conformity with the specifications in 5.3 shall be demonstrated with one sample of each
different type of earphone delivered with the audiometer, by measuring frequency, distortion
and sound pressure level at 1 kHz indicated frequency, at a hearing level of 100 dB or at the
maximum hearing level setting, whichever is lower. Distortion measurements shall meet the
requirements of 6.2.3.
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Environmental tests according to 5.3 shall be performed at the following three combinations of
temperature and relative humidity, the ambient pressure being within the range specified in
5.3:

e temperature (15 = 0,5) °C, relative humidity (30 = 5) %;

e temperature (23 + 0,5) °C, relative humidity (50 + 5) %;

e temperature (35 + 0,5) °C, relative humidity (90 + 5) %;

e and one additional combination from within the range specified in 5.3.

For one of the above temperature/relative humidity conditions, the test shall additionally be

perfdrmed at both (98 * 1) kPa and (104 T 1) kPa, unless objective evidence is availafjle to
confirm that ambient pressure has no significant effect.

Confprmity with each of the specifications in 5.4 and 5.5 shall be demonstrated with one
sample of the type of earphone delivered with the audiometer which can deliver the highest
sounf pressure level. Conformance shall be demonstrated by measuring frequency, distgrtion
and $ound pressure level at 1 kHz indicated frequency, at a hearing level of 100 dB or 3t the
maximum hearing level setting, whichever is lower. Distortion measurements shall medt the
requirements of 6.2.3.

13.3| Electromagnetic compatibility

Electromagnetic compatibility shall be tested and demonstrated.

a) [uring the EMC tests, the audiometer shall be equipped with all the accessories and junits
specified by the manufacturer.

b) The following positions of the audiometer regarding the radiating antenna shall be tested:
0f, 90°, 180° and 270°.

c) Tlhe ambient acoustic noise in the EMC' testing space shall be below 55 dB SPL when
easured with a one-third-octave filterat 1 kHz.

d) Tlhe hearing level control of thé*audiometer shall be set to its minimum value| the
flequency control to 1 kHz and. the tone switch to "ON" for the air conduction transducer
designated as being the right=hand earphone (if applicable).

e) The EMC tests shall be(performed over the frequency range 80 MHz to 2,5 GHz in $teps
of 1% of the bandwidth being measured. Dwell time for each frequency shall be
appropriate to the ifstrument under test. Testing at a limited number of frequencies |[does

npt negate the need to meet the requirements of 5.6 and IEC 60601-1-2.

To ayoid possible-effects of electromagnetic fields on the measuring microphone an acdustic
tube [should be<dnserted between the audiometer earphone, together with a suitable adgpter,
or loydspeaker and the measuring microphone in order to remove it from the higher leve] test
field.

NOTE—Because of the changes a mechanical coupler would cause In the efectromagnetic fietd this device cannot
be used to measure the output of bone vibrators in an electromagnetic field. A suitable method has not been
developed.

13.4 Unwanted sound
13.4.1 Unwanted sound from an earphone

Since unwanted sound may result in very low acoustic levels that are difficult to measure, the
unwanted sound may be determined indirectly by equivalent electrical measurements. One
method is to measure the r.m.s. voltage generated across an appropriate dummy load used in
place of the test earphone, using a sound level meter with time weighted F (see IEC 61672-1).
A resistance of the same nominal impedance as the earphone at each test frequency is
suitable for this purpose.
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a) At a hearing level control setting of 60 dB and with the tone “OFF”, the electrical signal
within the range 125 Hz to 8 kHz shall be at least 10 dB below the equivalent electrical
signal corresponding to the reference equivalent threshold level for the centre-frequency
of the one-third-octave band.

b) With the tone "ON", the unwanted signal in the non-test earphone, or a substitute dummy
load, shall be at least 70 dB below the test tone measured with the hearing level control
set to 70 dB or greater.

For subjective measurements of unwanted sound from the non-stimulus earphone, no test
subject shall detect any sound in the non-test earphone for the frequency range, 250 Hz to
6 kHz at any setting of the masking or hearing level controls up to a setting of 70 dB. For

g ]
dete¢t any sound other than the test sound up to a setting of 50 dB The test _sh4ll be
condpcted in both the “ON” and the “OFF” position of the tone switch.

For higher settings, an external electrical attenuator shall be inserted._(in, the stimulus
earpfone connection. Tests for compliance at the higher settings shall be-made with the
exterjnal attenuator set to a value equal to the number of decibels above the audiometer
hearing level settings minus 70 dB or 50 dB respectively. The opposite earphone shdll be
discdnnected and the audiometer output terminals connected to an.a@ppropriate dummyjload
during the test.

In the EHF range no test subject shall detect any unwanted sound from the transqucer
coindiding with the presentation of the test tone, even at'maximum setting of the hegring
levellcontrol.

NOTE| Many test subjects with almost no hearing ability at. 44 ‘kHz and 16 kHz have very good hearing at|lower
frequgncies. This fact is not taken into consideration in 5.7; of\this standard.

13.4)2 Unwanted sound from a bone vibrator

The |influence on an audiometric test tesult of sound radiation from the bone vibrator is
characterised as follows:

a) Flirst the bone conduction threshold is determined at 2 kHz and above at each freqyency
provided by the audiometef,)'in accordance with ISO 8253-1, with the test ear occluded
with an earplug which( provides a mean attenuation of at least 20 dB at the| test
flequencies, as measured in accordance with ISO 4869-1.

ed.

ears
pair

duction

thresholds due to the percept|on of harmomcs of Iower test frequenmes

13.4.3 Unwanted sound radiated by an audiometer

The test for the requirements in 5.7.4 shall be made on at least two test subjects meeting the
requirements of 5.7.1, wearing a pair of disconnected earphones and located at a distance of
1 m from the audiometer. The electrical output of the audiometer shall be absorbed in a
resistive load equal to the impedance of the earphone at 1 kHz; where a bone conduction
facility is available, the test shall be repeated with unoccluded ears.

13.5 Total harmonic distortion of test signals

Conformity with the specification in 6.2.3 shall be determined at the hearing levels listed in
Table 2 or at the maximum hearing level setting on the audiometer, whichever is the lower,
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according to the procedure specified in IEC 60268-3, except that measurement of harmonics
above 16 kHz is not required.

a) For air conduction, distortion shall be measured acoustically on an ear simulator or
acoustic coupler of the type which is used for the specification of equivalent reference
threshold levels.

b) For bone conduction, distortion shall be measured on a mechanical coupler.

Since it is not possible to specify maximum permissible harmonic distortion adequately to
ensure that accurate bone conduction results are obtained for all types of hearing losses, the
manufacturer shall state at which frequencies and at which hearing levels non-linearity of the
bonervibrator provided mmay affectthe Tetiabitity of bomecomductiom measurements:

NOTE| Due to the limitations of ear simulators and mechanical couplers, measurements of harmanies’ may not
accurately describe the non-linear properties of the system.

13.6| Microphone for live voice speech testing

Confprmity with the specification in 6.1.6 speech microphone frequency response shgll be
perfarmed under free-field conditions using test signals of a constant.spund pressure level (re
20 ulPa) of 80 dB filtered from white noise by one-third-octave filters aecording to IEC 61260-1
centegred at the preferred one-third-octave frequencies according taJ1SO 266.

13.7| Signal accuracy
13.71 Accuracy of sound pressure level and vibratory force level

Confprmity with the specifications in 8.3 shall be.démonstrated on each individual earphone
by measuring the output at a hearing level setting of 70 dB or the maximum, whicheVer is
lower, at all available frequencies on a stated ‘ear simulator or acoustic coupler. For jpone
vibrafors the hearing level setting shall beX30°dB or the maximum, whichever is lower| and
meagured on a mechanical coupler as described in IEC 60318-6.

13.7.2 Accuracy of hearing level.control

The @ccuracy of the hearing levelcontrol shall at least be tested at 1 kHz. If an EHF option is
provided an additional test shall be performed at 8 kHz. Whenever possible, measurenents
for donformity with the reqdirements in 8.4.3 should be made acoustically. If eleaurical
meagurements are madethey should be at the input to the transducer attached to an ear
simulator or acoustic{ coupler. Alternatively, the transducer may be replaced by a dummy
electrical load which _simulates the transducer at the test frequency.

13.8| Masking<sound

13.8/1 Narrow-band noise

Conf\rmify with 6.5 2 shall be demonstrated up to 315 kHz by measuring the spectrum of the
masking noise acoustically using the same ear simulator or acoustic coupler as used for the
measurement of pure tones. Above 3,15 kHz the measurement shall be made electrically
across the terminals of the transducer when placed on the same ear simulator or acoustic
coupler.

13.8.2 Masking sound level

Conformity with the specification in 8.5.3 shall be demonstrated using a sound level meter
that conforms to the class 1 requirements of IEC 61672-1, by measuring the S time-weighted,
Z frequency-weighted sound pressure level at a hearing level setting of 70 dB at all available
frequencies and with the same ear simulator or acoustic coupler as used for the measurement
of pure tones.
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13.9 Headbands
13.9.1 General

The requirements in 7.2 are deemed to be met if the headband static force complies with the
specifications of the ISO 389 series (or the manufacturer’s specification) for that model of
transducer. The maximum permitted measurement uncertainties are given in Table 7.

13.9.2 Supra-aural and circumaural earphone headband

For demonstrating conformity, the earphones shall be horizontally separated by 145 mm and
the nighf of the headhand chall hg odjuuefnd at the same time to prr\r*lnr\n 2 vertical Hiefance

of 149 mm as measured between the centre (top) of the headband and a line between the
centries of the earphones. The acceptance limit for the dimensions is £ 5 mm.

13.9.3 Bone vibrator headband

For demonstrating conformity, the spacing of the bone vibrator and the opposite end df the
headpand shall meet the requirements of 13.9.2, except for forehead{placement wher¢ the
spac|ng shall be 190 mm with the acceptance limit of £ 5 mm.

14 Maximum permitted expanded uncertainty of measurements U,

Tabl¢ 7 specifies the maximum permitted expanded uncertainty for a coverage factor of f = 2,
assogiated with the measurements undertaken in this-standard. One set of values for U}, is
giver] for basic type approval measurements and pefiodic verification.

The ¢xpanded uncertainties of measurement given in Table 7 are the maximum permittgd for
demg@nstration of conformance to the requitements of this standard. If the actual expanded
unceftainty of a measurement performed “by the test laboratory or maintenance service
exceeds the maximum permitted value>in Table 7, the measurement shall not be us¢d to
demgnstrate conformance to the requirements of this standard. Please see Annex A for
furth¢r guidance in the application,of)Table 7.
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Table 7 — Values of U, for basic measurements
Measured quantity Relevant Basic
sub clause number Uhax
Sound pressure level 125 Hz to 4 kHz 8.3,9.34 0,7 dB
Sound pressure level 5 kHz to 8 kHz 8.3,9.3.4 1,2 dB
Sound pressure level 9 kHz to 16 kHz 8.3,9.34 1,5 dB
Frequency 6.2.2 0,5 %
Total harmonic distortion 6.2.3 0,5 %
Temperature 5.3, 13.2 U,5 °C
Relafive humidity 5.3, 13.2 5%
Amblent pressure 5.3, 13.2 01 kPa
Rate| of frequency change 6.2.4 5%
Repegtition rate 6.2.5 5%
Frequency deviation 6.2.5 5%
Freqgpency response 6.3.2 1,0 dB
Narrpw-band masking noise cut-off frequencies 6.5.2 1%
Masking —36 dB level 652 1,0 dB
Freqgency response speech weighted noise 6.5.3 1%
Level of speech weighted noise 6.5.3 1,5 dB
Spegch signal frequency response 6.1.6 1,56 dB
Live voice microphone frequency response 6.1.8 1,5 dB
Masking sound level 125 Hz to 4 kHz 8.5.3 1,0 dB
Forcg level 250 Hz to 4 kHz 8.3 1,5 dB
Forcg level greater than 4 kHz 8.3 2,0dB
Rate|of change in level (%) 8.4.2 5%
Linearity of hearing level control 8.4.3 0,5dB
Rise|and fall time 8.6.3, 8.6.4 5ms
Headband force 7.2 0,3 N

15 Marking and:instruction manual

15.1

Marking

The qaudiometer shall be marked with the name of the manufacturer, the model, serial nu

mber

of the instrument and conform with regulatory and safety marking requirements. Tn addition,
the instrument and/or transducers shall be marked with specific identification; to ensure they

are u

sed together.

The left and right earphones shall be readily identifiable. If the earphones are colour coded
the left earphone shall be coded blue and the right earphone red.

15.2

Instruction manual

An instruction manual shall be supplied with the audiometer and shall include at least the
information listed below:

a) The type and class (see Table 1), the number and year of this standard which the
instrument claims to comply, and all applicable regulatory and safety requirements, a
description of the facilities provided and full operating instructions.
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b)
c)

d)

f)
g)

h)

P)
q)

r)

Permissible power supply variations and environmental conditions to ensure conformity
with 5.3 and 5.5.

Description of the correct manner of installing the audiometer for normal use in order to
minimise the effect of unwanted sound radiation (see 5.7).

Identification of the transducers and their reference equivalent threshold levels. The
origins of reference levels other than ISO shall be stated together with the ear simulator,
reference coupler, mechanical coupler or measurement method used for calibration. The
static force provided shall be stated. It shall be stated whether the calibration of the bone
vibrator refers to mastoid or forehead placement.

Frequency response characteristics and masking effect of the masking sounds provided

(me 5 and 8.5). The manuiacturer shall state the actual bandwi of the narrow-pand
asking noise.

Warm-up time (see 5.4).

w

ensitivities and nominal impedances of all input facilities; available voltage.and nominal
mpedance of all output facilities; pin assignment of all external plug connections.

Mode of operation and rate of change of sound pressure level of automatic-recofding
ar[Jdiometers. For audiometers with continuously variable frequency, the rate of change of
flequency shall be given.

Where frequency modulated signals are provided the manufacturer shall statg the
following characteristics and acceptance limits that apply:

—| the frequency of the modulating signal;

the modulation waveform, i.e. sine wave or triangular;

the modulation range expressed as a percentage of the test frequency.

[0))]

ound attenuation characteristics of the earphones as measured in accordance| with
5O 4869-1.

aximum hearing level settings provided at each test frequency including limitatiops in
se due to harmonic distortion.

PN

ffects of airborne sound radiated\by the bone vibrator and means to obtain the cqrrect
st results

ol c =

r speech classes A-E and|B-E audiometers, for the type of earphone provided and for
epch preferred frequency-inthe range from 125 Hz to 6,3 kHz, the difference betweeh the
flee-field sensitivity level“and the close-coupled sensitivity level of the earphone for test
sjgnals consisting of one-third-octave bands of white noise centered at these frequengies.

eference calibration level; the manual shall contain a warning that only recorded spleech
aterial with a stated relationship with the calibration signal should be used. If the speech
and calibration signal are not at the same level the method of calibration shall be
described\If the level of the calibration signal and the average level of the speech
aterialoare different, calibration and test methods should be modified as recommended
bly the producer of the speech test material.

according to 8.6.6.

For battery operated instruments: type of battery, means of checking the battery and
method of replacement, expected battery life time.

Maintenance and calibration procedures and schedules. I1ISO 8253-1, ISO 8253-2 and
ISO 8253-3 give appropriate information.

EMC warning: a warning shall be given as to the likely effects of radiated electromagnetic
fields, particularly from high powered medical devices on the performance of the
audiometer.
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Annex A
(informative)

2017

Relationship between tolerance interval, corresponding acceptance

interval and the maximum permitted uncertainty of measurement

This part of IEC 60645, in common with other IEC standards, uses adaptations of the
guidelines from ISO/IEC Guide 98-4, Uncertainty of measurement — Part 4: Ro
measurement uncertainty in conformity assessment (equivalent to guidance document JCGM
106 from the Joint Committee for Guides in Metrology), as the basis for demonstration of

confdrmance of an instrument 1o the specitications given In this document.

le of

ISO/IEC Guide 98-4 describes guarded acceptance in terms of tolerance(inteqvals,

acce

Top

tolergnce limits around design goals are not explicitly stated, but ¢can be determin

requi
the d
illust

btance intervals and uncertainties of measurement.

omote clarity for users and testing laboratories, the IEC has adopted & policy wh
red from the specified acceptance limits for allowed deviations-from a design goa

orresponding specified maximum permitted uncertainty of measurement, by usin
ation in Figure A.1.
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Acceptance interval

Tolerance interval

Guard band for the maximum permitted uncertainty of measurement for a 95% coverage interval
Lower acceptance limit

Upper acceptance limit

Lower tolérance limit

Uppertolerance limit

Figure A.1 — Relationship between tolerance interval, corresponding
i \ Ximu i U inty u

The limits of an acceptance interval are associated with the acceptance interval and not with
the guard band for the maximum permitted uncertainty of measurement. Hence a measured
deviation equal to a limit of an acceptance interval demonstrates conformance to a
specification, providing also that the uncertainty of the measurement from the laboratory

perfo

rming a test does not exceed the specified maximum permitted uncertainty.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ELECTROACOUSTIQUE - APPAREILS AUDIOMETRIQUES -
Partie 1: Appareils pour I'audiométrie tonale et vocale

AVANT-PROPOS

2017

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normali
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC) /D' IEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation daps les donj
de| I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie. des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibl
puplic (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participe
organisations internationales, gouvernementales et non gouvernementales, en liaiSsen avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation
se|lon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'l[EC concernant les questions techniques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné(que les Comités nationaux dg
intéressés sont représentés dans chaque comité d’études.

Lep Publications de 'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les effortswraisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite/par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente les.Publications de I'|EC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en-termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation\de conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu|
copformité de I'lEC. L’IEC n'est responsablend’aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Adcune responsabilité ne doit\‘eétre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout
dojnmage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de 'lEC
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'qttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées estobligatoire pour une application correcte de la présente publication.

L’gttention.ést)attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet de“droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevets et de ne pas avoir signalé leur existence.
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Electroacoustique.

"[EC:

Cette quatriéeme édition annule et remplace la troisieme édition parue en 2012 et la premiére
édition de I'lEC 60645-2 parue en 1993. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Cette édition inclut désormais les exigences concernant les audiométres tonaux (édition
précédente de I'lEC 60645-1) et vocaux (édition précédente de I'lEC 60645-2) réunies en un
seul document. Les exigences techniques contenues dans cette édition demeurent similaires,
dans leur esprit, a celles des deux documents précédents, mais les contradictions éditoriales
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et techniques dues a l'existence de deux normes distinctes ayant des cycles de révision
différents ont été supprimées.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
29/927/FDIS 29/941/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.
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INTRODUCTION

Les développements dans le domaine des mesures de l'audition a des fins diagnostiques, de
préservation ou de réhabilitation de I'ouie ont entrainé 'apparition sur le marché d'une grande
diversité d'audiomeétres. En outre, l'audiomeétre peut étre considéré comme un ensemble
d'unités fonctionnelles pouvant étre spécifiées séparément. En spécifiant ces unités
fonctionnelles, les performances d'autres équipements audiométriques qui utilisent ces unités
peuvent alors étre spécifiées. La série IEC 60645 est composée de plusieurs parties.
L'IEC 60645-1 est la premiere de la série et elle couvre les exigences concernant les
audiomeétres tonaux et vocaux.

La présente norme décrit les exigences de performances appliquées aux audiomeétres_tonaux
destinés a la mesure de l'audition dans la plage de fréquences de 125 Hz a 16,kHz, |ainsi
qu'ayx audiometres vocaux destinés aux techniques audiométriques utilisant la yoix natyrelle
humaine ou la voix enregistrée.

Lorsqu'un audiometre comporte des dispositifs a signaux vocaux, 'des exigence$ de
perfdrmances sont données pour le matériel vocal utilisant la voix naturelie humaine et I voix
enregistrée. Bien que les techniques audiométriques utilisant lacnvoix naturelle humaine
puisgdent ne pas étre en mesure de satisfaire aux exigences de la-présente norme, elles|sont
largement pratiquées, en particulier avec les enfants. C'est pourquoi une spécification les
concernant a été incluse pour garantir le plus haut degré de fiabilité possible. La présente
norme ne spécifie pas le matériel vocal utilisé pour les essais, ni les propriétés acoustiques
exigdes de la salle d'essai.’

Les pudiomeétres vocaux utilisent des écouteurs Qu“des haut-parleurs pour présentef les
signqux au sujet d'essai. Dans la présente normg;.les spécifications des caractéristiqugs de
perfdrmances des audiomeétres vocaux ainsi*gue les méthodes d'étalonnage et d'essai
appropriées sont données a la fois pour la méthode du niveau de sortie équivalent en champ
libre et pour la méthode du niveau de sortiende simulateur d'oreille ou de coupleur acoustique
non gorrigé.

Afin de relier I'écoute par écouteur(@ une écoute en champ acoustique, le concept de niveau
de so¢rtie équivalent en champ libre d'un écouteur, décrit dans I'lEC 60268-7, est utilisg¢ aux
fins de spécification et de mesure.

Bien|qu'il soit admis dutiliser des ossivibrateurs en audiométrie vocale, leurs performgnces
peuvent étre extrémement variables lorsque des signaux vocaux sont utilisés.| Par
consequent, seulesides spécifications de "bonnes pratiques" bien connues sont données|pour
la conduction osseuse utilisant des signaux vocaux afin de garantir une certaine cohérence
lorsque cette foncetion est assurée.

Les e¢xigences d'essai destinées a démontrer la conformité des audiométres sont a présent
spéc de la présente
norme—est—demon e . conception est
inférieur ou égal a la ou aux limites d'acceptation correspondantes et que le laboratoire a
démontré que l'incertitude de mesure associée est inférieure ou égale a [lincertitude
maximales permise spécifiées dans la présente norme. Les exigences concernant les
audiomeétres sont essentiellement les mémes que dans les éditions précédentes de

I''EC 60645-1 et de I''EC 60645-2.

1 Ces exigences sont spécifiées dans I'lSO 8253-1.
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ELECTROACOUSTIQUE - APPAREILS AUDIOMETRIQUES -

Partie 1: Appareils pour IYaudiométrie tonale et vocale

1 Domaine d'application

La présente partie de I'lEC 60645 spécifie les exigences générales applicables

aux

audid
référ
audid

L'obj

a)

T Q

b)

d)

VT O TI0NOL 30

2 F

meétres destinés a la détermination des seuils d'audition, par rapport aux seui
bnce normalisés établis au moyen de méthodes d'essai psychoacoustiques, ainsiq
metres destinés a la réalisation d'essais psychoacoustiques sur du matériel vocal.

bt de la présente norme est de s'assurer:

e les essais d'audition effectués sur une oreille humaine donnée 'dans la plag
equences de 125 Hz a 16 kHz avec différents audiomeétres tonaux conformes
résente norme donnent sensiblement les mémes résultats;

e les résultats obtenus constituent une comparaison correcte’entre I'audition de I'g
esurée et le seuil d'audition de référence;

ela permettra de s'assurer que les essais d'audition faisant appel a un signal

émes résultats lorsqu'ils sont pratiqués avet€/différents audiométres conformes
résente norme,

e les audiometres sont classés conformément a la plage de signaux d'essai
résentent, conformément a leur modé-de fonctionnement ou conformément a
bplication principale présumée.

Références normatives

Les documents suivants cités:dans le texte constituent, pour tout ou partie de leur con

des
s’apq
s'apq

IEC {

IEC ¢
écou

exigences du présent._document. Pour les références datées, seule [I'édition

lique (y compris les:éventuels amendements).

0268-3, Equipements pour systemes électroacoustiques — Partie 3: Amplificateurs

feurs

s de
I'aux

e de
a la

reille

I'un moyen de présenter un matériel vocal a un sujetxde maniére normalisée est fqurni.

ocal

pécifique et a une maniére spécifique de présenter le signal donnent sensiblement les

a la

qu'ils
leur

fenu,
citée

lique. Pour les références non datées, la derniére édition du document de réfénence

0268-7%,~~Equipements pour systéemes électroacoustiques — Partie 7. Casquegs et

IEC 60268-17, Equipements pour Sysiemes electroacoustiques — Partie 17; Indicateu
volume normalisés

s de

IEC 60318-1, Electroacoustique — Simulateurs de téte et d'oreille humaines — Partie 1:

Simu

lateur d'oreille pour la mesure des écouteurs supra-auraux et circumauraux

IEC 60318-3, Electroacoustique — Simulateurs de téte et d'oreille humaines — Partie 3:
Coupleur acoustique pour I'étalonnage des écouteurs supra-auraux utilisés en audiométrie

IEC 60318-4, Electroacoustique — Simulateurs de téte et d'oreille humaines — Partie 4:
Simulateur d'oreille occluse pour la mesure des écouteurs couplés a l'oreille par des embouts
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IEC 60318-5, Electroacoustique — Simulateurs de téte et d'oreille humaines — Partie 5:
Coupleur de 2 cm?® pour la mesure des appareils de correction auditive et des écouteurs
couplés a l'oreille par des embouts

IEC 60318-6, Electroacoustique — Simulateurs de téte et d'oreille humaines — Partie 6:
Coupleur mécanique destiné a la mesure des ossivibrateurs

IEC 60601-1, Appareils électromédicaux — Partie 1: Exigences générales pour la sécurité de
base et les performances essentielles

IEC 6060 ppareils-électrc S : g6 alespourla-securité
de |base et les performances essentielles - Norme collatérale: Perturbdtions
électromagnétiques —Exigences et essais

IEC $1260-1, Electroacoustique — Filtres de bande d'octave et de bande- d'une frdction
d'octpve — Partie 1: Spécifications

IEC 61672-1, Electroacoustique — Sonométres — Partie 1: Spécifications
ISO 266, Acoustique — Fréquences normales

ISO $89-1, Acoustique — Zéro de référence pour I'étalonnage d’équipements audiométriques —
Partie 1: Niveaux de référence équivalents de pression acoustique liminaire pouf les
écoufeurs a sons purs supra-auraux

ISO $89-2, Acoustique — Zéro de référence pour l'étalonnage d'équipements audiométriques —
Partie 2: Niveaux de référence équivalents *de pression acoustique liminaire pouf les
écoufeurs a sons purs et a insertion

ISO $89-3, Acoustique — Zéro de référence pour I'étalonnage d'équipements audiométriqlies —
Partie 3: Niveaux de référence équivaléents de force liminaire pour les vibrateurs a sons|purs
et leg ossivibrateurs

ISO 389-4:1994, Acoustique~— Zéro de référence pour |['étalonnage d'équipements
audigmétriques — Partie 4:.Niveaux de référence pour bruit de masque en bande étroite

ISO 889-5, Acoustique + Zéro de référence pour I'étalonnage d'équipements audiométriqlies —
Partie 5: Niveaux,de/référence équivalents de pression acoustique liminaire pour les |sons
purs |dans le domaine de fréquences de 8 kHz a 16 kHz

ISO 389-7Acoustique — Zéro de référence pour I'étalonnage d'équipements audiométriqlies —
Partie 7:\Niveau liminaire de référence dans des conditions d'écoute en champ libre ¢t en
champ-diffus

ISO 389-8, Acoustique — Zéro de référence pour I'étalonnage d'équipements audiométriques —
Partie 8: Niveaux de référence équivalents de pression acoustique liminaire pour les
écouteurs a sons purs circumauraux

ISO 4869-1, Acoustique — Protecteurs individuels contre le bruit — Partie 1: Méthode
subjective de mesurage de |'affaiblissement acoustique

ISO 8253-1:2010, Acoustique — Méthodes d'essais audiométriques — Partie 1: Audiométrie a
sons purs en conduction aérienne et en conduction osseuse

ISO 8253-2, Acoustique — Méthodes d'essais audiométriques — Partie 2: Audiométrie en
champ acoustique avec des sons purs et des bruits a bande étroite comme signaux d'essai
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ISO 8253-3, Acoustique — Méthodes d'essais audiométriques — Partie 3: Audiométrie vocale

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |30 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
appdreil pour I'audiométrie a sons purs
audipmeétre tonal

instrdment destiné a la mesure de l'audition pour les sons purs et en particulier a la mésure
du seuil d'audition

Note 1 a l'article: L'audiométre tonal peut étre de deux types: a fréquences_fixes ou a balayage contipu de
fréqugnces.

3.2
audipmeétre manuel
audigmeétre pour lequel la présentation des signaux ainsi~que l'enregistrement des résultats
sont pffectués manuellement

3.3
audipmétre automatique enregistreur
audigmeétre pour lequel la présentation des signaux, la variation du niveau d'audition, le ¢hoix
ou la variation de la fréquence, ainsi gqué l'enregistrement des réponses du sujet|sont
exécpités automatiquement

Note 1 a l'article: La variation du niveau dlaudition est commandée par le sujet et enregistrée automatiquemgnt.

34
appareil pour I'audiométrie.vocale

audipmeétre vocal

instrument destiné a la~tmesure de l'audition a I'aide de matériel vocal

3.5
conduction aérienne
transmission‘des ondes acoustiques a l'oreille interne par l'intermédiaire de I'oreille exterpe et
de I'qreille moyenne

3.6
conduction osseuse

stimulation de I'oreille interne principalement par I'intermédiaire de la vibration mécanique des
os du créne

3.7

haute fréquence étendue

EHF

fréquence d'essai audiométrique dans la plage de 8 kHz a 16 kHz

Note 1 a l'article: La fréquence de 8 kHz est considérée comme la fréquence la plus élevée de la plage
conventionnelle et comme la fréquence la plus basse de la plage haute fréquence étendue.

Note 2 a l'article: L'abréviation "EHF" est dérivée du terme anglais développé correspondant "extended high-
frequency".
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3.8

individu otologiquement normal

personne en bonne santé, ne présentant pas de signes ou de symptomes de troubles auditifs,
dont le conduit auditif externe n'est pas obstrué par du cérumen, qui n'a pas été exposée de
fagon anormale au bruit ou a des produits potentiellement toxiques pour l'oreille et qui ne
présente pas de perte héréditaire d'audition

3.9

niveau équivalent de pression acoustique liminaire
écoute monaurale par écouteur

pour une oreille donnée, a une fréquence spécifiée, pour un type spécifié d'écouteur et pour
une force donnee dapplication de l'ecouteur sur une orellle humaine, niveau de pression
acouptique produit par I'écouteur dans un simulateur d'oreille ou un coupleur acoustique
spécifié lorsque I'écouteur est excité par l'entrée électrique qui correspondrait’au |seuil
d'audition lorsque I'écouteur est appliqué a I'oreille concernée

3.10
niveau équivalent de force liminaire
écoute monaurale

pour|une oreille donnée, a une fréquence spécifiée, pour une cenfiguration et un modéle
spécffiés d'ossivibrateur sur un coupleur mécanique spécifié, (niveau de force vibratoire
proddiit par l'ossivibrateur sur un coupleur mécanique spécifie; lorsque l'ossivibrateur est
excitg par la tension qui correspondrait au seuil d'audition lorsque I'ossivibrateur est appliqué
sur I'apophyse mastoide ou sur le front

Note 1 a I'article: Cette définition nécessite que l'oreille non_Soumise a l'essai soit masquée conformément a
I''SO $89-4.

3.11
niveau de référence équivalent de pressiont@coustique liminaire
RET$PL

a ung fréquence spécifiée, valeur médiane, moyenne ou modale des niveaux équivalenfs de
presgion acoustique liminaire pour_un nombre suffisamment grand d'oreilles de dujets
otologiquement normaux, des deux/sexes, agés de 18 ans a 25 ans inclus, exprimant le|seuil
d'audition correspondant a un simulateur d'oreille ou a un coupleur acoustique spécifié|pour

un type d'écouteur spécifié

Note 1 a l'article: Des valeurs du niveau de référence équivalent de pression acoustique liminaire sont spégifiées
dans I[ISO 389-1, I'ISO 389-2;.I'ISO 389-5 et I'lSO 389-8.

Note 3 & l'article: Certainges parties de la série de normes ISO 389 spécifient les niveaux de référence équivialents
liminalres pour les sujets agés de 18 ans a 30 ans inclus.

Note 3 a I'articley\ L'abréviation "RETSPL" est dérivée du terme anglais développé correspondant "refg¢rence
equivglent threshold sound pressure level".

3.12
niveaurde référence équivalent de force liminaire
RETFL

a une fréquence spécifiée, valeur moyenne des niveaux équivalents de force liminaire d'un
nombre suffisamment grand d'oreilles de sujets otologiquement normaux, des deux sexes,
4gés de 18 ans a 25 ans inclus, exprimant le seuil d'audition pour un coupleur mécanique
spécifié et pour une configuration et un modéle donnés d'ossivibrateur

Note 1 a l'article: Des valeurs moyennes de niveaux de référence équivalents de force vibratoire liminaire sont
spécifiées dans I'lSO 389-3.

Note 2 a I'article: Certaines parties de la série de normes ISO 389 spécifient les niveaux de référence équivalents
liminaires pour les sujets a4gés de 18 ans a 30 ans inclus.

Note 3 a Il'article: L'abréviation "RETFL" est dérivée du terme anglais développé correspondant "reference
equivalent threshold force level".
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3.13

sensibilité paraphonique

a une fréquence donnée, quotient du niveau de pression acoustique produite par I'écouteur
dans un simulateur d’oreille ou un coupleur acoustique par la tension appliquée aux bornes
de I'écouteur

3.14

niveau de sensibilité paraphonique

dix fois le logarithme décimal du quotient du carré de la sensibilité paraphonique par le carré
de la sensibilité de référence, exprimé sous la forme 1 Pa/V

3.15

sensfibilité en champ libre
a ung fréquence donnée et pour au moins 10 sujets otologiquement normaux, gquotient du
nivegu de pression acoustique d'une onde sonore progressive plane a incidence froptale
(incigence sonore a 0°) par la tension de fréquence équivalente appliquée aux borndgs de
I'écoliteur afin que les sujets, en moyenne, jugent que I'onde sonore et lel)son produit par

I'écotiteur ont un niveau équivalent, les deux sons étant regus dans la méme oreille

Note 1 a l'article: Les méthodes d'essai sont définies dans I'lEC 60268-7. Bien(que la comparaison de I tonie
puissq se faire de maniere binaurale, la sensibilité qui en résulte est celle d'un écouteur simple.

3.16
niveau de sensibilité en champ libre
dix fqis le logarithme décimal du quotient du carré de la,sensibilité en champ libre par le tarré
de la[sensibilité de référence, exprimé sous la forme ¥Pa/V

Note 1 a l'article: La sensibilité en champ libre et le niveaunde sensibilité en champ libre d'un ossivibrateyr sont
définig de maniére correspondante.

3.17
niveau de sortie d'écouteur équivalent.en champ libre
pour|un audiomeétre vocal, niveau de pression acoustique produit par un écouteur et cqrrigé
de I différence entre le niveau de_sensibilité paraphonique et le niveau de sensibilit¢ en
chamlp libre de I'écouteur

3.18
niveau d'audition pour un son pur
HL
a une fréquence spécifiée, pour un type de transducteur particulier appliqué d'une mapiéere
spécifiée, différence’ entre le niveau de pression acoustique ou de force vibrgtoire
correspondant au>signal produit par le transducteur dans un simulateur d'oreille, dans un
coup|eur acoustique ou dans un coupleur mécanique spécifié, et le niveau de référence
équivalent.de“pression acoustique liminaire ou le niveau de référence équivalent de force
liminaire

Note 1 a l'article: L'abreviation "HL" est derivee du terme anglais developpé correspondant "hearing level".

3.19

seuil d'audition pour un son pur

a une fréquence spécifiée, seuil d'audition a cette fréquence exprimé sous forme de niveau
d'audition

Note 1 a I'article: Des méthodes de détermination des seuils d'audition sont spécifiées dans I'ISO 8253-1.

3.20

niveau d'audition pour la voix

pour un signal vocal spécifié et une maniére spécifiée de présenter le signal, différence entre
le niveau vocal et le niveau de référence approprié du seuil de reconnaissance vocale
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3.21
signal vocal
signal d'essai produit par un étre humain ou une voix synthétique

3.22

niveau vocal

niveau de pression acoustique ou niveau de force vibratoire du signal vocal mesuré dans un
simulateur d'oreille, un coupleur acoustique ou un coupleur mécanique approprié, ou bien
dans un champ acoustique avec une pondération fréquentielle et une pondération temporelle
spécifiées

3.23

niveau du seuil de reconnaissance vocale
niveau SRT

pour |un sujet d'essai donné, un signal vocal spécifié et une maniéere spécifiée de'\présenter le
signdl, niveau vocal le plus bas pour lequel le taux de reconnaissance vocale €st égal a 50 %

Note 1 a l'article: L'abréviation "SRT" est dérivée du terme anglais correspondant "spegch recognition threshold".

3.24
niveau SRT de référence
pour |un signal vocal spécifié et une maniére spécifiée de présénter le signal, valeur médiane
des hiveaux de seuil de reconnaissance vocale sur la base d'un nombre suffisamment

important de sujets d'essai otologiquement normaux, des, deux sexes, &4gés de 18 gns a
25 ans inclus et pour lesquels le matériel d'essai est approprié

3.25
simullateur d'oreille
dispgsitif prévu pour mesurer la sortie acoustique des sources sonores, la presgsion
acouptique étant mesurée par un microphone étalonné couplé a la source de sorte| que
I'impgdance acoustique globale du dispasitif soit une approximation de celle de I'dreille
humaine normale en un endroit donné-et’dans une plage de fréquences donnée

Note 1 a I'article: Deux types de simulateurs d'oreilles sont spécifiés dans I'lEC 60318-1 et I'lEC 60318-4.

3.26
coupleur acoustique
dispgsitif prévu pour mesurer la sortie acoustique des sources sonores, le niveau de pregsion
acouptique étant mesuré par un microphone étalonné, couplé a la source par une cavi{é de
form¢ et de volume~ prédéterminés dont l'impédance n'est pas nécessairement| une
approximation de limpédance acoustique de l'oreille humaine normale

Note 1 a l'article; ) Deux types de coupleurs acoustiques sont spécifiés dans I''EC 60318-3 et I'lEC 60318-5.

3.27
cougleur mécanique
dispositif congu pour présenter une impédance mécanique spécifiée a un vibrateur appliqué
avec une force statique spécifiée, et équipé d'un transducteur mécano-électrique permettant
de déterminer le niveau de force vibratoire a la surface de contact entre le vibrateur et le
coupleur mécanique

Note 1 a I'article: Un coupleur mécanique est spécifié dans I'lEC 60318-6.

3.28

masquage

processus selon lequel le seuil d'audition d'un son est augmenté en raison de la présence
d'un autre son (masquant)
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3.29

niveau de masquage effectif

niveau d'un son masquant spécifi€ numériquement égal

au niveau d'audition auquel

s'éleverait le seuil d'audition d'un son pur en cas de présence du son masquant, pour une
personne réputée normale

Note 1 a l'article:

seuil et pour I'efficacité du masquage (voir I''SO 389-1, I''ISO 389-2, I'ISO 389-4 et I''SO 389-8).

Note 2 a l'article:

qu'il correspond a une mesure physique du son, indépendamment de I'oreille a I'essai particuliere.

Le niveau de masquage effectif est donc analogue au niveau d'audition (voir 3.18), c'est-

Note 3

3.30

[ TP = 4 ’ e ’ P I PR Z : TEP-Y 2 4
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bruitf vocal pondéré

bruit

3.31

aléatoire pondéré du masquage de la voix

niveau de masquage effectif pour la voix

nived

u d'un son masquant spécifié¢ numériquement égal au niveaud-~d‘audition pour la

auqurl s'éléverait le seuil de reconnaissance vocale pour un signalwvocal spécifié en ca

prés

Note 1

nce du son masquant, pour une personne présentant une audition normale

a l'article: La personne présentant une audition normale est une' personne dont Il'audition satisfg

normgs en termes de seuil et d'efficacité du masquage (voir I''SO 389-1et I'|SO 389-4).

4 E

Quat
dispd
pas 6

Deux
dispd

Exigences par type et par classe d'audiomeétre

e types d'audiometres tonaux sont spécifies en fonction des exigences relatives
sitifs obligatoires minimaux répertoriés™dans le Tableau 1. D'autres dispositifs ne
xclus. Les quatre types correspondent a l'application principale présumée.

classes d'audiometres vocaux® sont spécifiées et les exigences applicables
sitifs minimaux sont répertoriées dans le Tableau 1.

La personne réputée normale est une personne dont I'audition est conforme aux normes pour le

a-dire

VOix
s de

it aux

aux
sont

aux
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Tableau 1 — Dispositifs minimaux des audiométres

Types tonaux Classe vocale
Type 1 Type 2 Type 3 Type 4 EHF 9 Classe |Classe
Dispositif Pratique Pratique Diagnostic |Dépistage et Hautes A B
clinique clinique | fondamental controle fréquences
avancée/ étendues
Recherche

Transducteurs
— deux écouteurs X X X X X xd xd
— deux écouteurs a insertion X
— deux haut-parleurs ou sorties

électrijques ™ X X X
— conduftion osseuse X X X X
Niveaux ¢'audition et fréquences
d'essai (Moir Tableau 2) X X X X X X X
Commande de niveau de sortie X X X X X X X
Commange de niveau du bruit de
masquagg X X X X X X
Commutgtion des signaux d'essai
— présentation/interruption X X X Xb X X X
— son pylsé X X X
— modulption de fréquence (FM) X X
Son de rdférence ¢
— présentation alternée X X
— présentation simultanée X
Entrée vdcale
— indicafeur de niveau du signal X X X X
— monitg¢ur acoustique ou visuel

pour rpatériel d'essai vocal X X
— dispoditif de lecture intégré ou xf xf xf xf

entréq de signal externe
— microphone pour essais

vocauk en voix naturelle X
— communication vocale entre

I'opérateur et le sujet X
Masquagg
— bruit § bande étroite X X X X
— bruit dans le spectre vocal X X
Applicatign du bruit de masquage
— écoutgur controlatéral X X X X X X
— écoutgur ipsilatéral X X
— haut-garleur ou sertie

électrique € X X X
— ossivibratedr X X
Dispositiffdé«éponse du sujet X X X x@ X
Indicateudesigmat X X X x X
Contréle du signal d'essai X X X
Systéme Talk-forward X X X
Systéme Talk-back X X

2  Non obligatoire pour les audiometres manuels.

b Non obligatoire pour les audiométres automatiques enregistreurs.

¢ L'exigence minimale concerne la présentation de sons de référence de méme fréquence que les sons d'essai.
d  L'équivalent en champ libre n'est pas obligatoire, mais recommandé. Le cas échéant, I'audiométre doit en outre é&tre
congu en classe vocale E. L'audiometre relevera donc de la classe A-E ou B-E.

Le fabricant doit spécifier la fagon dont la conformité a la présente norme doit étre assurée si I'amplificateur de
puissance et les haut-parleurs ne sont pas fournis avec l'audiométre.

Le dispositif de lecture n'est pas toujours fourni par le fabricant de I'audiométre.
9 La plage des hautes fréquences étendues (EHF) est facultative pour les quatre types d'audiométres tonaux.
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5 Exigences générales

5.1 Exigences relatives a la sécurité générale

Sauf spécification contraire dans la présente norme, les audiométres doivent étre conformes
aux exigences de I'lEC concernant la sécurité (voir I'lEC 60601-1).

5.2 Exigences relatives a la sécurité acoustique

Etant donné que les audiomeétres peuvent produire des niveaux de pression acoustique qui
pourraient étre dommageables pour l'audition, une indication non auditive doit prévenir
l'opéfrateur pour tous les réglages supérieurs a un niveau d'audition (HL) de 100 dB.

5.3 Conditions d'environnement

Les spécifications doivent étre satisfaites pour des combinaisons données(de tempérpture
dans|la plage de 15 °C a 35 °C, d'humidité relative dans la plage de 30 % a 90 % ¢t de
presgion atmosphérique dans la plage de 98 kPa a 104 kPa.

Les yaleurs réelles des paramétres d'environnement au moment dé['étalonnage doiven{ étre
spécifiées.

Les hiveaux de référence équivalents de pression acoustique liminaire mesurés pedivent
différler de fagon significative lorsque la pression atmosphérique est en dehors de la plage ci-
dessps. Il convient donc de procéder a I'étalonnagesur le site de l'utilisateur dans des
cond|tions types de pression et de température ambjantes. Lorsque le site de I'étalonnage et
le sife de Il'utilisateur ne partagent pas des céonditions ambiantes similaires, il convient
d'appliquer les corrections appropriées @aux effets environnementaux selon| les
recomnmandations du fabricant.

5.4 | Durée de préchauffage

Les exigences de performances deivent étre satisfaites lorsque la durée de préchauffage
spécifiée s'est écoulée et que.tous les réglages préliminaires ont été effectués selon les
instructions du fabricant. La- durée de préchauffage minimale doit étre spécifiée par le
fabri¢ant et ne doit pas dépasser 10 min lorsque l'audiomeétre a été maintenu a la tempérpture
ambipnte de I'environnement d'essai.

5.5 | Variation de/'alimentation
5.5.1 Coupure-de I'alimentation
Pour|toute.nterruption de 'alimentation pendant 5 s au maximum, l'audiométre doit revgnir a

une ¢ondition qui sera sans risque pour l'audition du sujet et ne conduira pas a des résultats
errornes

5.5.2 Fonctionnement sur le secteur

Les spécifications doivent étre satisfaites pour tout écart a long terme de la tension ou de la
fréquence d'alimentation pour la combinaison la moins favorable comprise dans des limites de
+ 10 % pour la tension par rapport a la valeur spécifiée et de +5 % pour la fréquence par
rapport a la valeur spécifiée.

Pour toute interruption de la tension d'alimentation pendant 5 s au maximum, l'audiométre
doit revenir a une condition qui sera sans risque pour l'audition du sujet et ne conduira pas a
des résultats erronés.
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5.5.3 Fonctionnement sur batterie

Le fabricant doit spécifier les limites de tension de la batterie a l'intérieur desquelles les
spécifications doivent étre satisfaites. L'audiometre doit comporter un indicateur convenable
permettant de s'assurer que la tension de la batterie demeure dans les limites spécifiées. Les
spécifications de 'audiométre doivent étre satisfaites pour toute tension de batterie comprise
a l'intérieur des limites spécifiées.

5.5.4 Autres types d'alimentations

Si l'audiométre est alimenté par un autre type d'alimentation que le secteur ou une batterie, le
X . gt 1 A i o ) o5 &
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I'intéfieur desquelles les spécifications de I'audiometre doivent étre satisfaites.

5.6 | Compatibilité électromagnétique

Pendant et a la suite de tout essai concernant la compatibilité électromagnetique, danfs les
cond|tions d'essai de compatibilité électromagnétique conformément a I'lEC,60601-1-2, I¢ son
indégirable produit par tout transducteur a conduction aérienne ne doit pas dépasser un
nivedqu d'audition correspondant a 80 dB. Le Paragraphe 13.3¢-fournit des méthodes
permiettant de démontrer la conformité.

5.7 | Sons indésirables
5.7.1 Généralités

Certgines mesures acoustiques objectives (voir 13¢@&)vpeuvent étre inapplicables aux epsais
destinés a détecter la présence de sons indésirables produits par l'audiometre] En
consgquence, des essais subjectifs doivent étrereffectués avec au moins deux sujets d'essai
otologiquement normaux, dont les seuils d'audition ne doivent pas dépasser 10 dB pour les
fréquences d'essai comprises entre 250°1z et 8 kHz. La salle d'essai pour les epsais
subjgctifs doit satisfaire aux exigencestde I'lSO 8253-1:2010, Tableau 4 (voir la colonne
droit¢ du tableau). Pour les audiométres fonctionnant dans la plage des hautes fréqugnces
étendues (EHF), ces essais doivent couvrir les fréquences atteignant les niveaux de
fréguences disponibles les plus élevés.

NOTE| Pour la plage de fréquences)dépassant 8 kHz, les salles d'essai conformes a I'ISO 8253-1 ont monitré en
pratiqlie qu'elles fournissaient des niveaux de bruit ambiant suffisamment faibles.

5.7.2 Sons indésifables émis par et entre une combinaison quelconque de
transducteurs

Les mesures suivantes doivent étre mises en ceuvre par le fabricant dans le cadre ¢e la
validgtion de_conception des audiomeétres afin de satisfaire aux exigences prévues en 5.7,
pour [toute'€ombinaison de transducteurs. Des essais doivent étre effectués pour la diaphfonie,
les inmterférences ou les fuites entre tous les transducteurs (p. ex.: écouteurs, écoutelirs a
inserTion, ossivibrateurs, haut-parleurs ou moniteurs). Tout son _indésirable présent darns un
transducteur inactif doit étre inférieur a 0 dB HL. Elle doit étre mesurée par bandes de tiers
d'octaves sur I'ensemble des fonctions d'essai fournies par l'audiométre. Le son indésirable
présent dans une bande de tiers d'octave ne doit pas dépasser les niveaux de pression
acoustique ou de force de référence spécifiques pour chaque transducteur inactif mesuré. Les
mesures doivent étre exécutées électriquement.

L'exigence doit étre satisfaite avec lorsque les signaux de tous les transducteurs actifs
choisis sont en marche, a un niveau d'audition de 60 dB ou a la sortie maximale (la valeur
retenue étant la plus faible des deux). La méthode de mesure électrique indirecte doit étre
utilisée pour valider les performances de la maniére décrite en 13.4.1.


https://iecnorm.com/api/?name=893d5137b37ad74d7b3be19717fa1e15

IEC 60645-1:2017 © IEC 2017 - 59 -

5.7.3

Sons indésirables émis par un écouteur

Un écouteur peut émettre des sons indésirables provenant de signaux électriques produits de
différentes maniéres dans l'audiomeétre lorsque le commutateur de signal est sur "ARRET". Un
son indésirable (appelé communément "interférence" ou diaphonie) peut également étre émis
dans I'écouteur qui n'est pas soumis a l'essai lorsque le son d'essai est en "MARCHE". Des
exigences particuliéres et une méthode de mesure électrique indirecte ainsi qu'une méthode
subjective de vérification des performances doivent étre appliquées de la maniére décrite
en 13.4.1.

Un son indésirable peut également se produire dans I'écouteur en raison d'une efficacité

impagafrm—mmnmmmm sont

donnges en 8.6.

5.7.4 Sons indésirables émis par un ossivibrateur

Le fg
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bricant doit spécifier a quelles fréquences d'essai l'ossivibrateur pourrait rayonne
rs le conduit auditif externe non occlus peut affecter la fiabilite de la mesur
ction osseuse. Le fabricant doit également spécifier I'étefirdue possible de

nce. Une méthode permettant de démontrer la conformité a cette exigence est do
4.2,

Sons indésirables rayonnés par un audiométre
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rmité a cette exigence est donnée en 13.4.3.

limitation sur le bruit provenant ‘des commandes s'applique a tout bruit, qui po
ir au patient une indication susceptible d'influer sur les résultats d'essai. Il n'es

prévu de l'appliquer a un mécanisme tel qu'un commutateur activé par le patient, un séle

de s

prtie ou un cran sur le.commutateur de fréquence, qui pourrait produire un bruit

touteffois influencer les résultats d'essai.

5.8
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meétre.

5.9

Essais d'audiomeétres automatiques enregistreurs

les signaux de maniére appropriée pour la mesure des caractéristiques de l'a

Les Iudiométres automatiques enregistreurs doivent étre munis de dispositifs permetta
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atique utilisé conjointement avec l'audiométre doit étre inaudible a chaque réglage du

Br la

Lirrait
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L'étalonnage de l'audiométre ne doit pas pouvoir étre modifié de maniére non intentionnelle

par I'

intermédiaire de n'importe quelle interface.

6 Signaux d'essai

6.1
6.1.1

Signaux vocaux

Exigences générales applicables aux signaux vocaux

Le fabricant doit spécifier les caractéristiques et les limites d'acceptation des signaux fournis.
Les audiométres vocaux doivent fournir la plage minimale des niveaux d'audition, indiquée

dans

la colonne appropriée du Tableau 2.
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Pour que les résultats des écouteurs d'audiométrie vocale utilisant des audiométres des
classes A-E et B-E soient comparables a ceux des essais du champ acoustique de haut-
parleur ou aux résultats obtenus en utilisant différents types de transducteurs, des conditions
de mesure équivalentes au champ acoustique doivent étre utilisées pour spécifier et
soumettre a I'essai les caractéristiques de I'audiométre vocal.

Pour les audiometres des classes A et B pour lesquels il n'existe pas d'exigence visant a
assurer une telle comparabilité, les conditions de mesure d'écouteurs non corrigés doivent
étre utilisées pour spécifier et soumettre a I'essai les caractéristiques de I'audiométre vocal.

Pour les limites d'acceptation relatives a l'utilisation des conditions de mesure d'écouteurs
non ¢orrigés, voir 6.3.2.

6.1.2 Niveau de sortie d'écouteur équivalent en champ libre

Pour|les audiométres des classes A-E et B-E, le niveau de pression acoustique)de sortie|et la
répomse en fréquence globale de l'audiomeétre vocal, y compris I'écouteur, doivent| étre
spécifiés en termes de niveau de pression acoustique équivalent en champ libre. La méthode
de mesure fondamentale du niveau de pression acoustique équivatent en champ |libre
d'écduteurs est décrite dans I'lEC 60268-7.

NOTE| Les étalonnages périodiques peuvent étre effectués a I'aide d'upr simulateur d'oreille ou d'un coppleur
acousjique et en appliquant des valeurs de correction pour la différenceseftfe le niveau de sensibilité en ¢hamp
libre ¢t le niveau de sensibilité paraphonique pour le type d'écouteur en ours d'essai.

6.1.3 Niveau de sortie d'écouteur non corrigé

Pour|les audiomeétres des classes A et B, le niveéau de pression acoustique de sortie [et la
répomse en fréquence globale de Il'audiomeétteovocal, y compris I'écouteur, doivent| étre
spécifiés en termes de niveau de pression acaustique non corrigé, mesuré dans un simulpteur
d'orejlle conformément a I'lEC 60318-1 ouxa I'lEC 60318-4 ou dans un coupleur acousftique
confgrmément a I'lEC 60318-3 ou a I'lEC:60318-5. Le fabricant doit spécifier la méthode de
mesyre, ainsi que le simulateur d'oreilleou le coupleur acoustique employé.

6.1.4 Niveau de sortie de haut-parleur

Le rliveau de pression acoustique de sortie et la réponse en fréquence global¢ de
'audlométre vocal, y compris le haut-parleur, doivent étre spécifiés selon une mesure
effecfuée dans le champ-acoustique a une distance minimale de 1 m sur I'axe de référeng¢e du
haut{parleur.

NOTE| Les performances mesurées dans les conditions de référence peuvent ne pas s'appliquer dans des
conditjons autres~que celles d'un champ acoustique et d'une distance de 1 m.

6.1.5 Niveau de sortie d'ossivibrateur

Pourlles” audiometres des classes A-E et B-E, le niveau de force vibratoire en sortie let la
réponse en fréquence globale de l'audiomeétre vocal, y compris |'ossivibrateur, doivent étre
spécifiés en termes de niveau de pression acoustique équivalent en champ libre. S'il n'existe
pas de données correspondant au type d'ossivibrateur utilisé, les caractéristiques doivent étre
spécifiées en termes de niveau de force vibratoire non corrigé, mesuré sur un coupleur
mécanique conforme a I'lEC 60318-6.

6.1.6 Réponse en fréquence d'un signal vocal

Pour les conditions de référence données en 6.1.4 et les signaux spécifiés en 13.6, le niveau
de pression acoustique de sortie produit par le haut-parleur doit étre compris a l'intérieur des
limites d'acceptation suivantes:

Si des filtres de bande de tiers d'octave sont utilisés, le niveau de pression acoustique produit
par le haut-parleur avec un signal d'essai quelconque centré sur la fréquence médiane du
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