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National foreword

This British Standard is the official English language version of
EN 60645-1:2001. It is identical with IEC 60645-1:2001. It supersedes
BS EN 60645-1:1995 which is withdrawn.

The UK participation in its preparation was entrusted to Technical Committee
EPL/29, Eletroacoustics, which has the responsibility to:

aid enquirers to understand the text;

present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests
informed,;

monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

From 1 January 1997, all IEC publications have the number 60000 added to
the old number. For instance, IEC 27-1 has been renumbered as IEC 60027-1.
For a period of time during the change over from one numbering system to the
other, publications may contain identifiers from both systems.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Standards
Catalogue under the section entitled “International Standards Correspondence
Index”, or by using the “Find” facility of the BSI Standards Electronic
Catalogue.

A British Standard does not purport to include all the necessary provisions of
a contract. Users of British Standards are responsible for their correct
application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 37, and a back cover.

The BSI copyright date displayed in this document indicates when the
document was last issued.

Amendments issued since publication

Amd. No. Date Comments
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Foreword
The text of document 29/489/FDIS, future edition 2 of IEC 60645-1, prepared by IEC TC 29,
Electroacoustics, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
EN 60645-1 on 2001-09-25.
This European Standard supersedes EN 60645-1:1994.
The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 2002-07-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2004-10-01

Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.

In this standard, annex ZA is normative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60645-1:2001 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

IEC 61260 NOTE Harmonized as EN 61260:1995 (not modified).

Documents
o BT ROvembar9dor”

Full document details: BS EN 60645-1:2001


http://www.avadocuments.com/doc/bs-en-60645-1-2001
http://www.avadocuments.com/doc/bs-en-60645-1-2001

Page 3

EN 60645-1:2001
CONTENTS

LN I 0 75 16 L@ N 1 ] P 6
T ScCopPe and 0D ECt ... e e 7
2 NOIMaAtiVE T OB CES . e e 7
3 Terms and definitioNs ... e 9
4 Requirements for specific types of fixed frequency audiometer................coooeviiiiiinin. 12
5 General reqUIrEMENTS o e 13
5.1 Electrical safety reqUIremMents........coiiiiiiiiiii e 13

5.2 Acoustic safety requIrements ... .. ..o 14

5.3  Environmental CoONAitiONS ......couiiiii 14

L A= o 4 LU T o 30 ] = PP 14

5.5 Power supply variation ... e 14
5.5.1  Mains 0P ratioN ..o 14

5.5.2 Battery operation ... 14

5.6 Immunity to power and radio frequency fields .............cooiiii i 14

5.7  Unwanted SOUNG ... e 15
ST A R =Y o = =Y PP 15

5.7.2 Unwanted sound from an earphone............coooiiiiiiiii i 15

5.7.3 Unwanted sound from a bone vibrator..............coooi i 15

5.7.4 Unwanted sound radiated by an audiometer.................cooiiiiiiiii e 15

5.8 Testing of automatic recording and computer-controlled audiometers.................... 15

5.9 Interface CONNECHIONS. .. ..t e 16

B TeSt SIgNAl SOUICES ..ottt 16
8.1 PUIE 0N S oot 16
6.1.1 Frequency range and hearing level range ..........ccoooiiiiiiiiii i, 16

6.1.2  FreqQUENCY @CCUIACY . euuiuiiit et eeet e ee e e e e e et e e et e e et e e e e e e e e e eneeneaneneanas 16

6.1.3 Total harmonic diStortion.........coouiiiii e 17

6.1.4 Rate of frequency change ... 17

6.2  Frequency modulation ... 18

6.3  External signal SOUIMCE ... e 18
B.3. 1 SIgNaAIS oottt 18

B.3.2  FreqUENCY MESPONSE . ettt ettt et et e e e e e e e e et e e e e e anennen 18

6.3.3 Electrical sensitivity .......c.ooiiiiii 19

6.3.4 Reference level for external signal source. ...........ccocceiiiiiiiiiiiiie e 19

6.3.5 Operator to subject speech communication..................cooi, 19

6.3.6 Subject to operator speech communication...............ccccooiiiiiiiinicn 19

6.4  MaSKING SOUNG ..ottt 19
B.4.1  GeNEIAl i 19

6.4.2  NarroW-band NOISE.......ccuiiuiiiiiii e 19

6.4.3 Other masking SOUNG ........oiiiiiiii e 20

Documents

© BSI 19 November 2001 Document Sharing Hub

Full document details: BS EN 60645-1:2001


http://www.avadocuments.com/doc/bs-en-60645-1-2001
http://www.avadocuments.com/doc/bs-en-60645-1-2001

Page 4
EN 60645-1:2001

7 Loudspeaker OULPUL ... e 21
8 Signal level CoNtrol ... e 21
. g N |V = o U RSP 21

8.2  SIgNal INAICATON. . .. 21

8.3 Accuracy of sound pressure level and vibratory force level...............coooiin. 22

8.4  Hearing level CONIIOl.. ... e e e 22
8.4.1 Manual audiometers. ... ..o 22

8.4.2 Automatic-recording audiometers.........ccoouiiiiiii i 22

8.4.3 Computer-controlled audiometers ... 22

8.4.4 Accuracy of CONrOl .......oiuiii e 23

8.5  Masking level CONrOl . ... e 23
8.5, 1 GENEIAl e 23

8.5.2  MasKiNg €Vl .. oe i 23

8.5.3 Accuracy of masking levels ... 23

8.5.4 Masking l€Vel raNge .......cuuiiiiiii e 23

8.6 TONE SWItCNING e e e aaas 24
8.6.1 Tone switch for manual audiometers............oooii i 24

8.6.2 On/off ratio for manual audiometers............ccooiiiiiiiiiiii 24

8.6.3 Rise/fall times for manual audiometers ... 24

8.6.4 Automatic pulsed presentation ............cooiiiiiiiiiii 24

8.6.5 Subject’s response time with computer-controlled audiometers.................. 25

8.6.6 Subject’s reSponse SYSIEM ..o 25

O REfErENCE 10NE e 26
LS T € 7= = - | P 26

S B0 S =T LU =Y o o] =Y P 26

9.3 Reference tone level control ... 26

LS TR T N - o o 1= P 26

0.3.2 I erVaAlS e 26

LS TR TR T |V - Y o 41 o P 26

LS IR X oo U] = o PP 26

0.3.5 0P eratiON . . e 26

O Calibration ..o e 27
L € =Y 011 = Y PN 27
10.2 Supra-aural earphone headband.............cooiiii i 27
10.3 Bone vibrator headband....... ... 27

11 Electrical OULPUL . ..o e e 27
12 AUdiogram fOrMat ... e 28
13 Demonstration of conformity with specifications and test procedures ..............cc.cccoienni. 28
S T B 7= 1Y o= P 28
13.2 Environmental conditions and power supply variation ... 28
13.3 Immunity to power and radio frequency fields ............ccocoviiii i 29

Documents

o BEF1ENovember 9001 "

Full document details: BS EN 60645-1:2001


http://www.avadocuments.com/doc/bs-en-60645-1-2001
http://www.avadocuments.com/doc/bs-en-60645-1-2001

Page 5

EN 60645-1:2001

13.4 Unwanted SOUNG ... ..o e e 29

13.4.1 Earphone ..o 29

13.4.2 Unwanted sound from a bone vibrator...............coooiiiiiiii 30

13.4.3 Unwanted sound radiated by an audiometer..............coooiiiiiiiiiiin, 30

13.5 TeSt SIgNaAl SOUICES ... ottt e e e en e 30

13.6 SIGNAL ACCUIACY ...ttt ettt e 31

13.6.1 Accuracy of sound pressure level and vibratory force..............ccccoceeniinni. 31

13.6.2 AccUracy Of CONTIOl .....couiieiiii e 31

13.7 MaSKING SOUNG ...ttt ettt 31

13.7.1 NarroW-band NOISE......ouiuiiiii e 31

13.7.2 MaSKING [EVEL ... e 31

13.8 Headbands ... 31

13.8.1 Supra-aural earphone headband..............ccooiiiiiiiiii e 31

13.8.2 Bone vibrator headband....... ... 32

14 Maximum permitted expanded uncertainty of measurements.................. 32

15 Marking and instruction manual ........ ... 32

(ST B =V ] T PN 32

15.2 INSTruCtion ManUAl ... ... 33

BB O G AP Y e e 34
Annex ZA (normative) Normative references to international publications with their

corresponding European publications ........ ..o 35

Figure 1 — Rise/fall envelope of teSt tONeS. ..o 25

Table 1 — Minimum facilities for fixed-frequency audiometers...........ccoooiiiiiiiiiii e, 13

Table 2 — Minimum number of frequencies to be provided and the minimum range of
values of hearing level for fixed frequency audiometers ...........coooviiii i, 17

Table 3 — Maximum permissible acoustic total harmonic distortion, expressed in
percentage of sound pressure or vibratory force for supra-aural, circumaural, insert
earphones and bone VIibrators ... ... 17

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

Lo 1 TN o - o 20

Table 5 — Reference standards for obtaining audiometric zero ............ccccoocoviiiiiiici i, 27

Table 6 — Symbols for the graphical presentation of hearing threshold levels ........................ 28

Table 7 — Values of U5, for basic measurements ...............ccccceeeiiiiin, 32
Documents

© BSI 19 November 2001 Document Sharing Hub

Full document details: BS EN 60645-1:2001


http://www.avadocuments.com/doc/bs-en-60645-1-2001
http://www.avadocuments.com/doc/bs-en-60645-1-2001

Page 6
EN 60645-1:2001

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 uses these units. IEC 60645
consists of a number of parts. IEC 60645-1 is the first in the series and covers the
requirements for pure tone audiometers.

Due to the development of the later parts of IEC 60645, part 1 now confines its scope solely
to the requirements of pure tone audiometers. One consequence of this is that no reference is
now made to the use of broad-band noise for masking. Requirements for broad-band masking
noise now only relate to its use with speech signals as described in IEC 60645-2.

This second edition now specifies performance requirements separate from the test
requirements to show conformity. Conformance to the specifications in this International
Standard is demonstrated only when the result of a measurement, extended by the actual
expanded uncertainty of measurement of the testing laboratory, lies fully within the tolerances
specified in this International Standard extended by the values for U,,,, given in table 7. By
this, the tolerances that are to be met by the manufacturer of an audiometer are essentially
the same as in the first edition of IEC 60645-1, while the tolerances as applicable to the use
of the audiometer are increased by U,,,, compared with those of the previous edition.
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ELECTROACOUSTICS - AUDIOLOGICAL EQUIPMENT -

Part 1: Pure-tone audiometers

1 Scope and object

This part of IEC 60645 specifies general requirements for audiometers and particular
requirements for pure-tone audiometers designed for use in determining hearing threshold
levels, in comparison with standard reference threshold levels by means of psychoacoustic
test methods.

The object of this International Standard is to ensure:

a) that tests of hearing, particularly threshold, in the frequency range 125 Hz to 8 000 Hz on
a given human ear performed with different audiometers which comply with this
International Standard using methods described in 1ISO 8253-1 and ISO 6189 shall give
substantially the same results;

b) that the results obtained represent a valid comparison between the hearing of the ear
tested and the reference threshold of hearing;

c) that audiometers are classified according to the range of test signals they generate,
according to the mode of operation or according to the complexity of the range of auditory
functions they test.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60645. For dated references, subsequent amend-
ments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60645 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO
and IEC maintain registers of currently valid International Standards.

IEC 60126, IEC reference coupler for the measurement of hearing aids using earphones
coupled to the ear by means of ear inserts

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

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

IEC 60318-2, Electroacoustics — Simulators of human head and ear — Part 2: An interim
acoustic coupler for the calibration of audiometric earphones in the extended high frequency
range

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 60373, Mechanical coupler for measurements on bone vibrators

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for safety
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IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for safety —
Collateral Standard: Electromagnetic compatibility — Requirements and tests

IEC 60601-1-4, Medical electrical equipment — Part 1-4: General requirements for safety —
Collateral Standard: Programmable electrical medical systems

IEC 60645-2, Audiometers — Part 2: Equipment for speech audiometry

IEC 60711, Occluded-ear simulator for the measurement of earphones coupled to the ear by
ear inserts

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications 1

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

ISO 389-2, Acoustics — Reference zero for the calibration of audiometric equipment — Part 2:
Reference equivalent threshold sound pressure levels for pure tones and insert earphones

ISO 389-3, 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 — Reference zero for the calibration of audiometric equipment —
Part 4: Reference levels for narrow-band masking noise

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

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

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

ISO 6189, Acoustics — Pure tone air conduction threshold audiometry for hearing conservation
purposes

ISO 8253-1:1989, Acoustics — Audiometric test methods — Part 1: Basic pure tone air and
bone conduction threshold 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

1 To be published. Documents
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3 Terms and definitions

For the purposes of this part of IEC 60645, the following terms and definitions apply.

3.1

pure tone audiometer

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

NOTE The audiometer may be either of a fixed or continuous sweep frequency type.

3.2
manual audiometer
audiometer in which signal presentations and recording of results are performed manually

3.3

automatic-recording audiometer

audiometer in which signal presentations, hearing level variation, frequency selection or
frequency variation, and recording of subject’s responses are implemented automatically

NOTE Direction of hearing level changes is under subject’s control and is recorded automatically.

3.4

computer-controlled audiometer

audiometer in which the test procedure is controlled by computer or microprocessor and not
by a manual operator

3.5
speech audiometer
instrument for the measurement of hearing for speech test material

3.6
air conduction
transmission of sound through the external and middle ear to the inner ear

3.7

bone conduction

transmission of sound to the inner ear mediated primarily by mechanical vibration of the
cranial bones

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

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 (acoustic coupler or artificial ear) when the earphone is
activated by that voltage which, with the earphone applied to the ear concerned, 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 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 This definition requires the non-test ear to be masked in accordance with ISO 389-4.

3.11

reference equivalent threshold sound pressure level (RETSPL)

at a specified frequency, the mean/modal value of the equivalent threshold sound pressure
levels of a sufficiently large number of ears of otologically normal persons of both sexes aged
between 18 and 30 years inclusive, expressing the threshold of hearing in a specified acoustic
coupler or artificial ear for a specified earphone

NOTE Values of RETSPL are specified in ISO 389-1 and ISO 389-2.

3.12

reference equivalent threshold force level (RETFL)

at a specified frequency, the mean value of the equivalent threshold force levels of a
sufficiently large number of ears of otologically normal persons of both sexes aged between
18 and 30 years inclusive, expressing the threshold of hearing in a specified mechanical
coupler for a specified configuration of bone vibrator

NOTE Mean values of reference equivalent threshold force levels are specified in ISO 389-3.

3.13

hearing level of a pure tone (HL)

at a specified frequency, for a specific type of transducer and for a specified manner of
application, the sound pressure level or the vibratory force level set up by the transducer in a
specified ear simulator or mechanical coupler minus the appropriate RETSPL or RETFL

3.14

hearing threshold level for pure tones

at a specified frequency, the threshold of hearing of a given ear at that frequency expressed
as hearing level

NOTE Methods of determining thresholds of hearing are specified in ISO 8253-1.

3.15

ear simulator

general term used to describe devices such as artificial ears (3.16) and acoustic couplers
(3.17) which are used to measure the output sound pressure from earphones

3.16

artificial ear

device for the calibration of an earphone which presents to the earphone an acoustic
impedance equivalent to the impedance presented by the average adult human ear

NOTE 1 It is equipped with a microphone for the measurement of the sound pressure developed by the earphone.

NOTE 2 An artificial ear is specified in IEC 60318-1 for supra-aural earphones. IEC 60711 specifies an artificial
ear for insert earphones.
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