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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS - SIMULATORS OF HUMAN HEAD AND EAR -

Part 8: Acoustic coupler for high-frequency measurements of hearing
aids and earphones coupled to the ear by means of ear inserts

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization'¢
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promote”int

co-op
in add

eration on all questions concerning standardization in the electrical and electronic fields /Ao thi
tion to other activities, IEC publishes International Standards, Technical Specifications;Technical

Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IECCRUblication(s

prepa
may p

ation is entrusted to technical committees; any IEC National Committee interested\in the subject
Brticipate in this preparatory work. International, governmental and non-goverpmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with théAhternational Organ

Stand

2) The fdrmal decisions or agreements of IEC on technical matters express, as¢early as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical ¢ommittee has representatioy
tted IEC National Committees.

3) IEC Plublications have the form of recommendations for internatiorial use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made\to ensure that the technical contg
Publidations is accurate, IEC cannot be held responsible for\the way in which they are used o

misint]

erpretation by any end user.

4) In order to promote international uniformity, IEC Natiopal’ Committees undertake to apply IEC Py
transparently to the maximum extent possible in their pational and regional publications. Any divergencq
any IHC Publication and the corresponding national or'regional publication shall be clearly indicated in

5) IEC it
asses

elf does not provide any attestation of.conformity. Independent certification bodies provide g
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib

services carried out by independent certification bodies.

6) All usgrs should ensure that they have the latest edition of this publication.

7) No liapility shall attach to IEC or its\directors, employees, servants or agents including individual ex
membgrs of its technical committees’and IEC National Committees for any personal injury, property d
other |[damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
expenges arising out of the.publication, use of, or reliance upon, this IEC Publication or any
Publidations.

8) Attentjon is drawn to the.Normative references cited in this publication. Use of the referenced publi
indispensable for the.correct application of this publication.

9) Attent|on is drawn.to the possibility that some of the elements of this IEC Publication may be the subjec
rights| IEC shalknot be held responsible for identifying any or all such patent rights.

IEC 60318<8-has been prepared by IEC technical committee 29: Electroacoustics.

Internat

pmprising
Ernational
b end and
| Reports,
)’). Their
dealt with
hs liaising
zation for

brdization (ISO) in accordance with conditions determined by agreement-betWeen the two organigations.

Ernational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

of patent

It is an

onal Standard.

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

Draft Report on voting

29/1111/FDIS 29/1117/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
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at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60318 series, published under the general title Electroacoustics —
Simulators of human head and ear, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn

e replaced by a revised edition, or

e amepded.

IMPORTANT - The "colour inside"” logo on the cover page of this-document indicates
that it contains colours which are considered to be useful for the correct understInding
of its ¢ontents. Users should therefore print this document‘using a colour printer.
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INTRODUCTION

Advancement in hearing aid design makes it possible to increase the bandwidth of hearing aids
up to 16 kHz.

The 2 cm3 coupler as described in IEC 60318-5 [1]1 is suitable for measurements up to 8 kHz.
At frequencies above 8 kHz, high measurement uncertainty will occur in earphone responses,
due to acoustic resonances in the coupler.

The occluded-ear simulator as described in IEC 60318-4 [2] simulates the human external ear
up to 10 kHz and can be used as an acoustic coupler up to 16 kHz. It is designed with a principal

cavity

Accordi

designe

aids wh

es above 10 kHz.

ngly, there is a need for a well-defined and robust acoustic coupler to be

The soynd pressure developed by an earphone is, in general,\not the same in an

coupler

as a sin

as in a person's ear. However, results obtained with @n acoustic coupler can

and insert earphones used in audiometry.

This do

ument describes an acoustic coupler for loading a hearing aid or insert earph

a speciffed acoustic impedance when testing acoustic performance, in the frequency r
to 16 kHz, as required in IEC 60118-0 [3].

1

sure at

ately 13,5 kHz. This resonance, which is also present in a person’s ear canal Qut more

arphone

ised by

s of transducers (receiver, earphone), and by the designer and.dispensers of|hearing
bn making measurements on earphones in the frequency range 8 kHz to 16 kH.

hcoustic
be used

ple and ready means for the exchange of specifications and test data on hearjing aids

bne with
ange up

Numbers in square brackets refer to the Bibliography.
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ELECTROACOUSTICS -
SIMULATORS OF HUMAN HEAD AND EAR -

Part 8: Acoustic coupler for high-frequency measurements of hearing
aids and earphones coupled to the ear by means of ear inserts

1 Scope

This pal’t of IEC 60318 describes an acoustic coupler for loading a hearing aid\qr insert
earphorle with a specified acoustic impedance when testing its acoustic performance, in the
frequengy range up to 16 kHz. It is suitable for air-conduction hearing aids and-earphones,
coupled|to the ear by means of ear inserts, earmoulds or similar devices.

The acdustic coupler does not simulate the human ear. However, it has.an effective valume of
only 0,4/ cm3, which is small enough not to produce significant resonances in the coupler in the
frequengy range below 16 kHz. Therefore, it will load the earphone with a known acoustic
impedance, which allows repeatable measurements with low dngertainty to be obtgined on
earphorjes used in extended high-frequency audiometry.

2 Norfmative references

There afe no normative references in this document:

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

ISO and IEC maintain terminqgfogical databases for use in standardization at the fpllowing
addressfes:

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

e |SO|Online browsing platform: available at http://www.iso.org/obp
3.1 Terms and\definitions

3.11
acoustic.coupler

device ermmﬁmm—mwwmwm—wmsure is
measured by a calibrated microphone coupled to the source by a cavity of predetermined shape

and volume which does not necessarily approximate the acoustic impedance of the normal
human ear

3.1.2

earmould simulator

ear insert simulator

insert which terminates the entrance of the acoustic coupler and provides for passage of sound
into the acoustic coupler through an opening on its axis

3.1.3

reference plane

plane perpendicular to the axis of the cavity of the acoustic coupler, chosen to pass through
the position normally occupied by the tip of an earmould
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3.1.4

acoustic transfer impedance

quotient of sound pressure at the diaphragm of the acoustic coupler's microphone by the volume
velocity through the reference plane

3.1.5

reference cavity

cylindrical cavity with the same nominal diameter and volume as the acoustic coupler under
test, establishing a volume that can be measured using precision dimensional measurements

3.1.6

effective coupler volume
equivaldnt volume of air of the acoustic compliance of the coupler formed by the cavjtyland the
microphlone at a frequency of 250 Hz

3.1.7
effectivie length of coupling tubing
length df the coupling tubing that extends from the output of the receiver or BTE ear|hook to
the coupler reference plane

Note 1 to| entry: The actual length of tubing used can deviate from the efféctive length of coupling tpbing, for
example, [a) the overlap resulting from the connection to the ear hook or hearing.aid receiver can increase fhe actual
length of ftubing used, whereas (b) connection to the nipple of the coupling,plate or earmould simulator| which is
considereld part of the effective length of coupling tubing, can reduce thie actual length of tubing used acfordingly.
See Figure 1, Figure 4 and Figure 5.

3.2 Abbreviated terms

CiC completely-in-the-canal
ITC in-the-canal

lc invisible-in-the-canal
ITE in-the-ear

BTE behind-the-ear

RIC receiver-in-the-canal
SPL sound pressure level

4 Mechanical design-of the 0,4 cm3 coupler

4.1 General

4.1.1 Overall design guidelines

The colpler consists essentially of a cylindrical cavity whose effective coupler vglume is
nominally 400 mm3. A microphone with a diaphragm having high acoustic impedance is located
in the base of the cylindrical cavity. A protection grid can be fitted but it is not required. The
microphone measures the sound pressure level (SPL) in the coupler.

The coupler shall be made of a material that has no negative influences on its performance.
For example, it should be acoustically hard and dimensionally stable. The general construction
of the coupler and mounting of the microphone shall be designed to reduce the response to
vibration of any earphone or to sound outside the cavity.

The external diameter of the coupler should be kept as small as possible in order to minimise
diffraction errors which can affect the measurements when the coupler is placed in a sound
field. See Annex C.
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NOTE Due to the small effective volume, the 0,4 cm? coupler produces a sound pressure level output at 1 kHz that
is approximately 14 dB higher than data obtained with the 2 cm® coupler, under the same conditions using an
earphone with high source impedance and small coupling volume.

4.1.2 Acceptance limits

Acceptance limits in this document include allowances for design, manufacturing and ageing.
In subsequent subclauses, acceptance limits are provided for allowable values of measured
deviations from design goals. All specifications concerning conformity with the requirements of
this standard are given as acceptance limits. Annex E describes example assessments of
conformance to specifications of this document.

4.2 Cavity dimensions

4.21 Critical dimensions

The crit|cal dimensions of the coupler are those which determine the shape and the vglume of
the cavity terminated by a measurement microphone, and the static pressurg equalisatipn vent.

4.2.2 Effective coupler volume and cavity dimensions

The effgctive coupler volume shall be 400 mm3 + 6 mm3.

Any conjtributions to the cavity volume arising from sources other than the cavity itself,|such as
the fronpt cavity and impedance of the measurement{microphone, the static-pressure
equalisgtion vent and any microphone insertion stop fitted, shall be included in the ¢ffective
coupler volume. Therefore, the height of the cylindrical cavity should be designed such|that the
effective coupler volume conforms to the requirement for all microphone models intepded for
use with the coupler.

The diameter d4 of the cylindrical coupler cavity shall be 9,45 mm + 0,04 mm.

4.3 \Verification procedure of the*effective coupler volume

The eff@ctive volume of the coupler'shall be verified with an expanded uncertainty thajt is less
than thg maximum permitted uneertainty specified in Table 2.

One mefns of verifying the effective volume is given in Annex A.

4.4 Microphone
4.4.1 General
A calibratéd microphone shall be fitted with the diaphragm mounted centrally in the bage of the

coupler The-effectivevolumeofthecouplershal-include the contributionfrom-the-micrbphone,

and any protection grid fitted to it.

In the frequency range from 100 Hz to 16 kHz, the overall pressure sensitivity level of the
microphone and associated measuring system shall be known with an uncertainty not exceeding
0,5 dB for a coverage probability of 95 %. The microphone shall be removeable for calibration.

4.4.2 Microphone type
A type WS3P microphone as specified in IEC 61094-4 [4] is preferred.

NOTE The equivalent volume of a WS3P microphone is approximately 0,25 mm3.

Other types of microphones may be used, provided they fulfil the requirements of 4.4.1.
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4.5 Static pressure equalisation vent

IEC 60318-8:2022 © |EC 2022

Any change in the static pressure within the cavity caused by coupling the hearing aid or the
earphone to the coupler and microphone shall decay toward the ambient static-pressure with a
time constant of less than 1,5 s. If this necessitates the introduction of a controlled leak in the
coupler, it shall have the following characteristics:

a) it shall not alter the cavity volume by more than 4 mm3,

b) it shall attenuate external sound reaching the cavity, with the coupling plate aperture sealed,
by at least 16 dB at 125 Hz, increasing by 6 dB per octave for increasing frequencies up to

2 kH

NOTE 1

Z.

Equalisation can be realised for example by a capillary tube

NOTE 2
64 % afte

4.6 Alcoustic transfer impedance level

The trarn
as spec

5 Cal

fied in Table 1.

acceptance intervals

The time constant can be measured as the time it takes for the static pressure inside the couple
[ a sudden increase in static pressure inside the coupler.

sfer impedance level of the coupler and the associated acceptance intervals

Table 1 — The acoustic transfer impedance level modulus and the associate

Nominal frequency Acoustic transfer impedance level in dB re 1 Ns/m®
Hz Level Acceptance interval
250 167,0 +0,5
1000 155,3 10,7
2 000 149,2 10,7
4 000 143,5 +1,0
8 000 138,7 1,2
16 000 136,5 +2,5
NOTE Measurements~made at intermediate frequencies, while not part of the
specification, can nevertheless provide additional information.

ibration

5.1 Reference environmental conditions

The ref

rence environmental conditions are the following:

to fall by

shall be

d

— static pressure: 101,325 kPa

— temperature: 23 °C

— relat

ive humidity: 50 %

5.2 Method of calibration

The manufacturer shall provide a method of calibration for the microphone system in an

instructi

on manual.

The manufacturer shall also provide:

e The effective volume of the coupler at 250 Hz. One method for performing the measurement
is given in Annex A.
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e The product of the acoustic impedance and frequency, expressed as a level and as a
function of frequency. One method for performing the measurement is given in Annex B.

Ideally, the calibration should be performed at the reference environmental conditions given in
5.1. If the environmental conditions are different from those given in 5.1, the actual
environmental conditions at the time of test shall be stated.

6 Coupling of receivers and hearing aids to the coupler

6.1 Coupling to a hearing aid receiver by means of tubing

Figure 1 describes the coupling to a hearing aid receiver, A bore diameter in the coupling plate,
which fits the coupling tube external diameter shall be used. The tube shall be attachdd to the
couplerfin a manner that does not change the acoustic properties of the coupler. The €nd of the
tube should be flush with the lower face of the coupling plate.

For megasurements on hearing aid receivers, a tube with an iniérnal diameter of
1 mm £[0,06 mm and an effective length of a coupling tube of 5 mm = 0,"mm shall be|used.

r

For mote reliable sealing of the coupling tubing to the couplingplate, the thicknes$ of the
coupling plate may be increased in the centre portion.

-
-
-
~-

-
-
-
-

IEC

Key

Hearing aid receiver

(o2 )

Coupling tubing

(9]

Coupling plate with central bore corresponding to the external diameter of coupling tubing
d Effective length of coupling tubing

e Length of receiver connection port

fInternal diameter of coupling tubing

Effective diameter of receiver connection port

Figure 1 — Coupling to a hearing aid receiver by means of coupling tubing

6.2 Coupling to a hearing aid embedded in or connected to an earmould

This Subclause 6.2 is applicable to any style of hearing aid embedded in or attached to an
earmould.
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Examples of hearing aids fully embedded in the earmould are ITE (in-the-ear), ITC
(in-the-canal), CIC (completely-in-the-canal), IIC (invisible-in-the-canal).

An example of a partially embedded hearing aid is the receiver-in-the-canal (RIC) hearing aid.

Examples of hearing aids attached to an earmould are behind-the-ear (BTE) hearing aids either
coupled with standard coupling tubing or thin tubing.

The coupling arrangement is illustrated in Figure 2 where it is shown with an ITE. The coupling
is performed by attaching the ITE by means of a sealant to the concave shaped ITE ear-mould
simulator. Care shall be taken to avoid any gaps or slit leakages. Any vents in the instrument
shall be sealed at the coupler side. The end of the ITE sound port shall be flush with the coupler
referenge plane. The coupling plate is removable from the 0,4 cm3 coupler. This @llows the
inspectipn of the seal quality and the position of the opening of the sound port that.will face the
inside vplume of the coupler.

NOTE Owing to the smaller volume, the 0,4 cm® coupler is more sensitive to gaps or slitéakages than fthe 2 cm®
coupler.

IEC

Key
a ITE
b Sealapt to seal ITE toymounting fixture

¢ ITE ear-mould simalator

Figure 2 — Coupling to an ITE, ITC, or CIC

6.3 Coupling to a receiver in the canal (RIC)

Figure 3 shows the coupling of a receiver-in-the-canal to the 0,4 cm3 coupler. This may be used
as an alternative to 6.2 provided that a coupling adapter is available. The coupling adapter is
considered a part of the receiver system, and therefore its lower face shall be aligned to within
+ 0,5 mm with the coupler reference plane.

If the receiver is attached to an earmould, then coupling as described in 6.2 and Figure 2 shall
be used.
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Key

Receiyer in the canal (RIC)

(o2 )

RIC specific coupling adaptor

(¢

Coupl|ng plate

d Bore ih RIC specific coupling adaptor

Figure 3 — Coupling to a receiver in-the canal (RIC)

6.4 Coupling to a BTE hearing aid with 2 mm continuous internal diameter tubrg
Figure 4 shows the coupling to a BTE hearing aid by means of coupling tubing with

2 mm £[0,1 mm continuous internal diameter, Which reflects the most common fitting practice.
The tubing is connected to the coupling platetwith a nipple of 2 mm = 0,1 mm internal djameter.

An effegtive coupling tubing length of.43 mm + 1 mm shall be used.

NOTE Tpe 43 mm length consists of 26\mm of standard tubing length plus 18 mm for the earmould and includes
the thickness of the coupling plate.
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IEC

Key
BTE
Ear hgok

Coupl{ng tubing with 2 mm internal diameter

T o

(¢

d Coupling plate with a nipple of 2 mm internal diameter

e Effect|ve length of coupling tubing (coupler reference plane to tip of ear-hook)

Figure 4 — Coupling to a BTE hearing aid with 2 mm
continuous-internal diameter coupling tubing

6.5 Cloupling to a BTE hearing aid with earmould simulator

Figure § describes coupling to a BTE by means of coupling tubing with an effective ¢oupling
length of 25 mm and internal diameter of 2 mm connected to an earmould simulatof with a
length of 18 mm and.an internal diameter of 3 mm.

NOTE Thpis configuration is used in IEC 60118-0 [3] as the standard coupling test.
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Coupl
d Effect
e Lengt

f Earmg

6.6 (

Figure 4
thin cou
for attad
bore in

If the tH
Figure 2

IEC

ok

ng tubing

ve length of coupling tubing
of earmould simulator

uld simulator

Figure 5 — Coupling to a BTE hearing aid with earmould simulator

oupling to a BTE hearing aid:with thin acoustic coupling tubing

describes coupling of @ BTE by means of a thin acoustic coupling tubing. T
pling tubing is ready-made in various shapes and lengths and has a coupling
hment of ear-domesy This adapter can be used to insert the tubing into a corres
he coupling plate-\Fhe adapter aligns flush with the coupler reference plane.

in tubing isufirmly attached to a custom-made earmould, then coupling acco
shall be-used.

ypically,
adapter
ponding

rding to
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NN

AN\

IEC

Key
BTE

T o

Thin goupling tubing
Coupl|ng plate prepared to accept thin tubing coupling adaptor

(9]

d Thin tubing coupling adaptor
Figure 6 — Coupling to a BTE hearing aid with thin coupling tubing

7 Maximum permitted expanded uncertainty for coupler conformance testing

Conformpance to a performance specification is demonstrated when a measured deviat{on from
a design goal does not exceed the corresponding acceptance limit(s) and the laborafory has
demonsfrated that the actual associated uncertainty of measurement (for a probability of 95 %,
equivalent to a coverage factor-of\k = 2) does not exceed the maximum permitted ungertainty
sfated in Table 2.

Umax’

See alsp ISO/IEC Guide'98-3 [5] and ISO/IEC Guide 98-4 [6].
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Table 2 — Values of U,

- 17 -

for measurements

max
Measured quantity Relevant U nax
subclause number (k=2)
Effective coupler volume 4.2.2 3,5 mm?3
Diameter of cylindrical cavity 4.2.2 0,01 mm
Microphone pressure sensitivity level 4.41 0,5 dB
Sound attenuation 4.5 3dB
Transfer impedance 250 Hz to 8 kHz 4.6 0,3dB
Transfer impedance 16 kHz 4.6 0,5dB
Ambient|pressure 5.2 0,1 kPa
Temperature 52 0,5 °C
Relative|humidity 5.2 5%
Internal diameter of coupling tube for receiver 6.1 0,02 mm
Effectivg length of coupling tube for receiver 6.1 0,05 mm
Internal diameter of coupling tubing or ear-mould substitute 6.4, 6.5 0,2 mm
Length gf coupling tubing or earmould substitute 6.4, 6.5 0,5 mm
The measurement uncertainty is composed of several factors:
— uncértainty associated with the equipment used,\such as sound generators, sound level
meters, measuring microphones, coupler, etc.;
— uncgrtainties arising from the acoustic coupling of the hearing aid to the couplgr. Such
uncertainties could be related to diameteriand length of coupling tubing;
— uncgrtainty associated with the accuraey and care in positioning the hearing aid in|the test
spade.
Figure 7 illustrates the relationship between acceptance interval (as stated in this doqument),
guard bands and how the tolerance interval may be calculated.
AUmax‘ A Al - AUmax‘
s A Ay Ty
o o IEC
Key
Al acceptance interval
TI tolerance interval
Unax 9uard band for the maximum permitted uncertainty of measurement for a 95 % coverage interval
A, lower acceptance limit
Ay upper acceptance limit
T, lower tolerance limit
T, upper tolerance limit

Figure 7 — Relationship between tolerance interval, corresponding acceptance
interval and the maximum permitted uncertainty of measurement
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Annex A
(informative)

Example of a method for verification of the effective volume of the coupler

A.1  Method for verification of the effective volume of the coupler

One procedure for verifying the effective volume of the coupler is based on an acoustic
comparison method using a reference cavity with a known volume and same nominal
dimensions as the coupler under test. The procedure is carried out at 250 Hz.

The md
microph
coupler
(see Fid

A sound
electrica
the clos
pressur
volume

and monitor microphone.

Assuming short successive sound pressure measurements in the reference cavity an

coupler
unchang

where

14

ref
Vcoupler
Pref

Pcoupler

Then, if

thod uses an additional high acoustic impedance sound source and-'a
one, both fitted into a flat plate which can be attached to the reference cavijty
under test, for generating and measuring the sound pressure-in thg
ure A.1).

source with high acoustic impedance provides a constant volume velocity for
| input voltage, regardless of the volume it is driving. Since_the acoustic impeq
ed cavity can be represented by a simple acoustic compliance, the resultin

of the cavity in this configuration includes the contribution 7 from the soung

under test, such that the ambient temperature and atmospheric air press
jed, then

Pcoupler (Vcoupler +Vs) = Pref (Vref * Vs)

is the known volume of reference cavity
is the volume oef'the coupler under test
is the sound pressure in the reference cavity

is the sound pressure in the coupler under test.

Vg is @ssumed to be negligible

monitor
br to the
cavity

a given
ance of
j sound

b is inversely proportional to the effective volume of the\éavity. Note that the ¢ffective

source

d in the
ure are

__ Pref
Vcoupler = Vref
Pcoupler

where peilpeoupler 1S given by the corresponding ratio of output voltages from the monitor

microph

one.

The error, due to neglecting Vy is:

V _ p ref Vs - Vs

err =
Pcoupler

This should be accounted for in the measurement uncertainty.
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The error Vg, will be minimized if Vior and Vg 16 are equal, and therefore the nominal volume
of V¢ shall be close to the nominal volume of 7,

oupler-
2 3 4 2 3 4
b !\ [ * __W
/. | o
1 5— |
R
o
| o
6~ |
IEC
Key
1 referehce cavity 4 probe sound source
2 measyrement probe 5 coupler cavity for test
3 probe|microphone 6 coupler microphone

Figure A.1 — Measurement setup for coupler volume measurement

A.2 Measurement uncertainty

Table Al1 lists components of measurement.uncertainty and their typical value. Table A.1 is
intended to be a guide only and should noibe used as a substitute for an uncertainty analysis
based gn a specific measurement set up:

Table A.1 — Typical components of measurement uncertainty
in thé measurement of effective volume

Componehntiof uncertainty Typical Contribution to
uncertainty uncertainty on
. effective volume
(semi-range,
unless stated
otherwise — see
NOTE)
mmn?
Diametef of‘réference volume 0,03 mm 1,4
Length of reference volume 0,01 mm 0,5
Assumption that the reference volume is a perfect cylinder negligible 0
Assumption that reference volume is a pure acoustic compliance negligible 0
Voltage ratio measurement 0,025 dB 0,7
Sound source and monitor microphone volume 0,5 mm?3 0,3
Measurement repeatability (standard deviation) 0,5 mm?3 0,5

NOTE A semi-range is an uncertainty of the form ta where a defines the minimum and maximum expected value
of the parameter, and a value anywhere in this range is equally likely (rectangular probability distribution).

It is estimated that a determination of the effective volume according to this method can achieve
an expanded uncertainty with a confidence probability of 95 % (or coverage factor k = 2), of
less than 3,5 mm3, with due consideration of the measurement setup and procedure.
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Annex B
(informative)

Example of a method for the measurement of the acoustic
transfer impedance of the 0,4 cm? coupler

B.1 Measurement procedure

B.1.1 Acoustic transfer impedance

At low frequencies—the-aceustic-transferimpedance-of-the-0-4-emi-couplerean-be-ecensidered
as a pufe acoustic compliance, and dependent only on the effective volume of the ftoupler.
Above gpproximately 2 kHz, the onset of the first longitudinal resonance will cause the acoustic
transfer|{impedance to deviate from a simple acoustic compliance.

Absolute measurement of the acoustic transfer impedance requires a_sqound source with a
known yolume velocity ¢(/) to be used and the sound pressure wijthinh the couplgr to be
measur¢d, whereupon:

IZAI(f)=% (B.1)

In practice, the sound source volume velocity is normally unknown. However, a method|is given
here, bgsed on the reciprocity calibration principlédderived from IEC 61094-2 [7] and elgborated
in IEC §0318-1:2009, Annex A [8], where it is shown that

_ 1 e(f)
St(f)Sr(f) i(f)

NGS) (B.2)

where 7 and Sg are the _pressure sensitivities of the transmitter microphone and feceiver

microphlone, respectively, i'is the driving current and e is the output voltage from the|coupler
microphlone.

Howevelr, the acaustic transfer impedance at 250 Hz can be determined from the ¢ffective
volume pf the.coupler measured using the method given in Annex A.

zA(zso)zﬁ (B.3)

where y is the ratio of specific heats for air (1,402) and P is the reference static pressure.

Normalising (Clause B.1) by the acoustic transfer impedance at 250 Hz:

Za(f)  St(250) $5(250) e(f)/e(250)
Za(250)  5(f)  SR(/) i(/)/i(250) (B.4)

The normalised impedance is therefore seen to be proportional to the frequency responses of
the microphone sensitivities and output voltage.
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The use of a type WS3 microphone is recommended as the sound source. This can be assumed

to have

a purely capacitive electrical impedance and be reciprocal.

When the microphone is driven with a constant voltage the driving current is directly proportional
to the frequency, and i(f)/(i(250) = f1250.

Since the microphone is reciprocal, the sensitivity frequency response as a transmitter is equal
to the frequency response when used as a receiver. This frequency response can be determined
using an electrostatic actuator as described in IEC 61094-6 [9].

Thus

where S
respecti
respons|
respons|

Note thd
bandwid
need to

Za(f)=Za(250) S

1(f) and S'r(f) are the frequency responses of the transmitter and-receiver micro
vely, and ¢'(f) is the frequency response of the receiver microphone output vg

s are normalized at 250 Hz.

tif the transmitter and receiver microphones are-Calibrated across the full meas
th and the transmitter current is determined.as“part of the measurement proc
determine the effective volume of the coupler is eliminated and the acoustic

impedamce can be calculated directly from Equation’(B.2).

B.1.2

Figure H
A WS3
microph

volume.

The con

Setup for measuring the coupleriacoustic transfer impedance

.1 illustrates the test set-up.

microphone is used as the transmitter microphone. Care should be taken to 3

stant drive voltage'is applied to the transmitter microphone by means of a mic

transmifter adapter,

The fred
measurq

uencyresponse of the resulting output voltage from the coupler microphone sk
bd with\a suitable frequency analyser.

(B.5)

phones,
Itage in

to the transmitter microphone driven with a constant Voltage, where all frequency

irement
ess, the
transfer

lign the

one diaphragm flush with*the coupler reference plane to avoid introducing additional

rophone

ould be



https://iecnorm.com/api/?name=c89e77ea8e6d1482e3c23266dc3a2f8e

- 22 - IEC 60318-8:2022 © |EC 2022

o
(e
Q
o

o0

=ifs

—
O v
—

IEC

N

Key

0,4 cm3 coupler with calibrated volume

(o2 )

microphone as sound source (transmitter)

(9]

microphone transmitter adapter
d couplgr microphone (type WS3P with standard sensitivity)
g volump velocity in m3/s

p sound|pressure in N/m?

Figlure B.1 — Test set-up for measuring the coupler acoustic transfer impedance

B.2 Typical coupler acoustic transfer impedance

Figure B.2 shows a typical curve for the transfer impedance of a coupler as measured |with the
setup in[Figure B.1.
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Figure B.2 — Typical coupler acoustic transfer impedance

Figure B.3 shows (acoustic transfer impedance) x (frequency) as a function of frequency.
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Figure B.3 — Typical acoustic transfer impedance times frequency

Table B.1 — Typical acoustic transfer impedance values

///

10000

-

Frequency [HZ
:0

1 gives the acoustic transfer impedance {:Zx| as a level in dB re 1 Ns/m? |and the
transfer impedance times frequency | Z{ x fas a level in dB re 1 N/m5 from the data
n Figure B.2 and Figure B.3, respectively.

Frequency 1Z,] [Zpl % f
re 1 Ns/m5 re 1 N/m°®
Hz dB dB
100. 175,1 2151
125 172,9 214.,9
160 170,8 214,9
200 168,8 214.,9
250 167,0 215,0
345 1651 2151
400 163,0 215,1
500 161,2 215,2
630 159,2 215,2
800 157,1 215,2
1000 155,3 215,3
1250 153,3 215,4
1600 151,3 215,4
2 000 149,2 215,3
2 500 147,5 215,5
3150 145,6 215,6
4 000 143,5 215,6
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—24 —
Frequency 1Z,] |Zpl  f
re 1 Ns/m5 re 1 N/m°
Hz dB dB
5000 141,7 215,8
6 300 140,2 216,2
8 000 138,7 216,2
10 000 137,4 217,5
12 500 136,6 218,6
16 000 136,5 220,6

B.3 Measurement uncertainty

Table Bf2 lists components of measurement uncertainty and their typicahvalue. Tabl
intended to be a guide only and should not be used as a substitute forcrap’uncertainty

based gn a specific measurement set up.

Table B.2 — Typical components of measurement uncertainty
in the measurement of acoustic transfer)impedance

e B.2 is
analysis

Component of uncertainty

Typical expanpded

Measurgment repeatability

uncertainty (4 = 2)

dB
Effectivg volume 0,08
Transmiijter microphone relative frequency response_(100 Hz to 8 kHz) 0,14
Transmifter microphone relative frequency response’(16 kHz) 0,3
Transmitter microphone relative frequency response (100 Hz to 8 kHz) 0,14
Transmitjter microphone relative frequency résponse (16 kHz) 0,3
Voltage fatio measurement 0,035
Voltage measurement system linearity over 40 dB range 0,1
Assumption of constant transmitter microphone drive current 0,05
Static pressure corrections (assuming 0,1 kPa measurement uncertainty) 0,01

0,1

It is estimated that a determination of the acoustic transfer impedance according to thisimethod

af Q o/

(o

of-95-%(ercoverage factor

can ac'« Qg an Az o AAA LA Attty ity o A NEI A AN AN e A S
IV e—ar cAparTaT U oToCrtaitty witT o CUTmaCTTo T PpTouaoTty

k = 2), of less than 0,3 dB up to 8 kHz and less than 0,5 dB at 16 kHz, with due consideration

of the measurement setup and procedure.
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Annex C
(informative)

Example of one specific design of the coupler

Figure C.1 shows an example design of a 0,4 cm3 coupler according to this document.

Key
d, Cavity
h, Cavity
Cylind

T o

Measy

O-ring

Q O

Coupl

[0]

Coupl
Static

—

Cavityf

o Q@

Coupl

i Microf

F

rgmovable coupling plate with a nipple for the attachment of coupling tubing

o—_|

IEC

diameter
height

rical cavity

ring microphone with protection grid
or other means of airtight sealing

ng plate (removable)

ng plate lock bushing

pressure equalization vent

base; plane of microphene diaphragm
br reference plane

hone insertion.stop feature

gure CA '+ Example of a specific design of the 0,4 cm3 coupler, shown with
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Annex D
(informative)

Electrical analogue representation of the coupler as a tube model

To simulate hearing aid or receiver performance below 10 kHz, it is sufficient to model the
0,4 cm3 coupler as simple volume with a lumped acoustic compliance of 2,82 x 10712 mé4s2kg~1,
using an electrical capacitor with a value of 2,82 x 10~12 F. When higher precision or greater
bandwidth is required, such as when coupler data is being used for the calibration of receiver
models, it is desirable to use a two-port distributed parameter model that reproduces the
deviation of the frequency-dependent transfer impedance from constant value seen in

Figure B

The mo
at all in
cylindrid
solution

The mo
walls, s
using Ig
capacitq
the bou

2 T 04
-0 difu TduIC D. 1.

e accurate model includes the effects of thermal and viscous acoustic boundar

y layers

ner surfaces and at least the first longitudinal acoustic mode. A complete sollition for

al cavities including all acoustic modes [10] is computationally expensive and a
is desired.

el treats the cylindrical cavity as a segment of tube terminated at both end
nown in Figure D.1. Acoustic models for infinite cylindrical tubes with boundar
Ssy transmission lines [11] are well established. Dissipative components callg

rs with complex admittance are added in shunt on either side of the tube to rqg
ndary layer effects at the flat interior faces.
2 4 Pout
lal
1 3
% I %
o

mi-capacitors modelling thermal and viscous boundary layers at ends of the cavity
o-port tube‘model as a lossy transmission line

de at which’voltage is equivalent to pressure in the coupler

Figure D.1 — Electrical analogue of the coupler as a lossy

simpler
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where

-port model of the coupler is given by
T _[ 1 OJT [ 1 OJ
= . )
Yy 1 Yo 1

coshI'l  Z_sinhI'/

T, = .
t Zismhl“l coshI'/

c


https://iecnorm.com/api/?name=c89e77ea8e6d1482e3c23266dc3a2f8e

IEC 60318-8:2022 © |EC 2022 - 27 -

F(r)= 2 J1(r\/7)~ 32(3+8ry-/)
r-i Jolr-j)  -9j+128r2 +16r -

and

T is the ABCD matrix of the coupler

T, is the ABCD matrix of the tube aspect of the coupler

Y, —k\% is the acoustic admittance of each end face of the coupler

Z,=1/Y is the characteristic impedance per unit length

r=Jzt is the propagation operator

Z,Y are the series impedance and shunt admittance per unit length

F(r) is a function of real-valued dimensionless radius

Jn(2) is the nth Bessel function of complex argument

Ry = pd/(ma?) is the characteristic impedance of an ideal tube

rv =a\/pw/,7 is the dimensionless radius for the viscous mode

r, =~Ptr, is the dimensionless’radius for the thermal mode
The asymptotic value of F(s)\as r —« has an error of less than 0,1 % for » > 11, and lg¢ss than
about 002 % for values af 5 'used in this annex. The length and diameter of the tube are qodified
slightly (by less than 4 %) from the measured cavity dimensions to match the measured|transfer
impedanmce up to 25.kHz (Figure D.2). The value of k is chosen to match the equivalenf volume
derived |from the{/measured transfer impedance at low frequencies (Figure D.3). Acoustic
constants are «calculated from Annex F of IEC 61094-2:2009 [7] and known thermogdynamic
identitiels at 23.°C, 101,325 kPa, and 50 % relative humidity. This results in the list of constants
given in| Table D.1.
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Table D.1 - List of constants

cavity fq
data set
at the tin

ces, are empirically derived by assuming fixed values for ¢ and y and doing a curve fitsto & partid
as described in this Annex D. These values are only known at the fixed atmospheric conditions
he of data collection.

Symbol Values Meaning
a 4,535 x 1073 m Effective radius of the coupler cavity
/ 5,98 x 1073 m Effective length of the coupler cavity
k 3,18 x 10712 m4s3/2/kg Semi-capacitance of the coupler cavity faces
p 1,186 kg/m3 Density
c 345,867 m/s Speed of sound
y 1,400 76 Ratio of specific heat at constant pressure and volume
n 1.826 57 x 1075 Pa s Viscosity
Pr 0,728 021 Prandtl number
NOTE [The numerical values for the effective radius and length of the cavity, and the semi-capagtitance ppf the

ular
bresent

For refe
of the A

where J
Figure [

rence, the transfer impedance and input impedance can be_determined from ¢
BCD matrix T as
Z. = Ze

- sinh(IT) + Z k\/ jo (2 cosh(lF)+ch\/stinh(lF))

Zin=27, (cosh(lF) ¥Z.kyjo sinh(lF))

[ is the transfer impedance . @nd Z,, is the input impedance, which are s
4.

lements

hown in
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Figure D.2 — Transfer impedance‘model vs. measurements
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Figure D.4 — Model predictions of coupler impedance
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Annex E
(informative)

Example assessments of conformance
to specifications of this document

E.1 General

E.1.1 The purpose of this Annex E is to clarify the use of measurement results and
uncertainties of measurement in assessments of conformance to the specifications in this
documept:

E.1.2 This Annex E demonstrates assessment of conformance using some general‘illystrative
examplegs.

E.2 Conformance criteria

E.2.1 According to the requirements in this document, conformance to a specifiqation is
established when measured deviations from design goals do not exceed the corresponding
acceptahce limits and the uncertainty of measurement doesynot exceed the corresponding
maximum-permitted uncertainty of measurement for a coverage probability of 95 %.

E.2.2 \Vith these two criteria in E.2.1, there are fouripossible outcomes.
1) Meapured deviations do not exceed acceptance limits and actual uncertainty does not
excged maximum-permitted uncertainty
Outgome: Conformance to specification

2) Meapured deviations do not exceed-acceptance limits and actual uncertainty e¢xceeds
max|mum-permitted uncertainty

Outgqome: Non-conformance,. ®ecause the actual uncertainty exceeds the maximum-
permitted uncertainty

3) Meapured deviations exceed acceptance limits and actual uncertainty does not|exceed
max|mum-permitted uncertainty

Outgome: Non-canformance, because measured deviations exceed the acceptancd limits

4) Meapured deviations exceed acceptance limits and actual uncertainty exceeds maximum-
permitted uncCertainty

Outdomer Non-conformance because neither criterion is satisfied

NOTE I practice, a laboratory can sometimes pre-determine the uncertainty of a measurement. I the pre-
determined uncertainty exceeds the maximum-permitted uncertainty the laboratory would not attempt to perform the
test.

E.3 Example test results

E.3.1 Table E.1 gives examples of test results to explain the method of determining
conformance or non-conformance to the specifications of this document. This method applies
for any tests in this document where acceptance limits and maximum-permitted uncertainties
are specified.
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Table E.1 — Examples of assessment of conformance

Example| Measured |Acceptance Actual Maximum- | Conforms to Reasons for conformance or
number | deviation limits uncertainty | permitted |specifications non-conformance
from design uncertainty | Yes or No
goal
dB dB dB dB
1 1,7 +1,0: =1,2 0.3 0.5 No Deyiation exceeds acceptance
limits
. Deviation exceeds acceptance
2 +1,1 +1,0; -1,2 0,3 0,5 No S
limits
Deviation within acceptarice limits
3 +1,0 +1,0; -1,2 0,3 0,5 Yes and uncertainty within' mgximum-
permitted limits
Deviation within-acceptar|ce limits
4 0,0 +1,0; -1,2 0,3 0,5 Yes and uncertainty within mgximum-
permitted limits
Devjation within acceptarce limits
5 0,0 +1,0; -1,2 0,9 0,5 No but uncertainty exceeds maximum-
permitted limits
Deviation within acceptarce limits
6 -0,5 +1,0; -1,2 0,3 0,5 Yes and uncertainty within mgximum-
permitted limits
Deviation within acceptar|ce limits
7 -1,2 +1,0; -1,2 0,3 0,5 Yes and uncertainty within mgximum-
permitted limits
8 1.3 +1,0: -1,2 0.3 05 No I_De\_/latlon exceeds accepfance
limits
9 -2.0 +1,0: -1,2 0.3 0.5 No Deviation exceeds accepfance
limits
Deviation exceeds accepfance
10 -2,0 +1,0; -1,2 0,7 0,5 No limits and uncertainty exdeeds
maximum-permitted limits
E.3.2 [igure E.1 shows-the ten example assessments of conformance from Tablg E.1 in

graphical form.

E.3.3

horizon
A diam
marker

E.3.4

II

ndicates non-conformance

n Figure E.1, the lower and upper acceptance limits are indicated by the¢ heavy
al lines. The measured deviations from the design goal are shown by the solid n
bnd-shaped marker indicates conformance to the specification and a cross

harkers.
tshaped

bars and the maximum-permitted uncertainty is indicated by the vertical shaded area.

In Figure E.1, the actual uncertainty of measurement is indicated by the vertical error

E.3.5 The practice illustrated in Table E.1 and Figure E.1 for assessing conformance applies
equally for pattern-evaluation testing as well as periodic testing.
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IEC

Key
a Deviafion from design goal, dB
b Example number from Table E.1
¢ Upper|acceptance limit

d Lower|acceptance limit

A diamond-shaped marker indicates conformance to the specification and a cross-shaped marker indicates non-
conformapce. The actual uncertainty of measurement is indicated by the vertical error bars and the maximum-
permitted|uncertainty is indieated by the vertical shaded area.

Figure E.1 — Examples of assessment of conformance
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