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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS - HEARING AIDS -
METHOD FOR MEASURING ELECTROACOUSTIC
PERFORMANCE UP TO 16 kHz

FOREWORD

this ¢nd and in addition to other activities, IEC publishes International Standards, Technical‘\Speci
Techphical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National €ommittee ir|
in thle subject dealt with may participate in this preparatory work. International, governmental g
govefnmental organizations liaising with the IEC also participate in this preparation.‘IEC collaborate
with [the International Organization for Standardization (ISO) in accordance with\conditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as pearly as possible, an inte
consgnsus of opinion on the relevant subjects since each technical committee has representation
interg¢sted IEC National Committees.

IEC Publications have the form of recommendations for international™use and are accepted by IEC
Compnittees in that sense. While all reasonable efforts are made{to ensure that the technical conten
Publications is accurate, IEC cannot be held responsible for{the way in which they are used or
misirfterpretation by any end user.

In onder to promote international uniformity, IEC National\Committees undertake to apply IEC Puf
transparently to the maximum extent possible in their*national and regional publications. Any di
betwgen any IEC Publication and the corresponding national or regional publication shall be clearly ind
the Iatter.

IEC {tself does not provide any attestation of cohformity. Independent certification bodies provide c(
assepsment services and, in some areas, accesSs to IEC marks of conformity. IEC is not responsiblg
serviges carried out by independent certification bodies.

All ugers should ensure that they have theJatest edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees.and IEC National Committees for any personal injury, property dg
othel damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expehses arising out of theypublication, use of, or reliance upon, this IEC Publication or any o
Publications.

Atterftion is drawn to the ,Normative references cited in this publication. Use of the referenced public|
indispensable for theycorrect application of this publication.

Atterftion is drawnhlio the possibility that some of the elements of this IEC Publication may be the s
patent rights. IEG 'shall not be held responsible for identifying any or all such patent rights.

The main (task of IEC technical committees is to prepare International Standa
exceptional circumstances, a technical committee may propose the publication of a Te|
Specifi catromwhen
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62886, which is a Technical Specification, has been prepared by IEC technical
committee 29: Electroacoustics.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
29/897/DTS 29/902A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The ¢
the sta

related|to the specific publication. At this date, the publication will be

trarjsformed into an International standard,
recpnfirmed,

withdrawn,

replaced by a revised edition, or
amended.

A bilingual version of this publication may be issued at a later’date.

mittee has decided that the contents of this pllhlir‘nfinn will remain ||nr\hnngnd until

bility date indicated on the IEC website under "http://webstore.iec.ch" in(th

e data

IMPOR

that it contains colours which are considered to be useful

undergtanding of its contents. Users should therefore print this document ug

colour|printer.

TANT — The 'colour inside' logo on the,cover page of this publication ind
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INTRODUCTION

Advancement in hearing aid design makes it possible to increase the bandwidth of hearing
aids up to 16 kHz. Accordingly, there is a need for an accurate and yet robust measurement
method for the transducer (receiver, earphone) designer, the hearing aid designer, and the

fitter of

hearing aids.

The 2 cm3 coupler as described in IEC 60318-5 is only suitable for measurements up to

8 kHz.

The limitation is caused by unfavourable acoustic modes of the coupler.

The occluded-ear simulator as described in |IEC 60318-4 simulates the average human

extern
simula
half-w4
the req
measu
resona
difficulf

The effective internal volume of the coupler described in this~ Technical Specifice

0,4 cm
16 kHz
a capdg

sufficigntly small coupling volume, the 0,4 cm3 coupler<produces an approximately]

higher

The co
transdy

0,4 cm
hearing
this ap

In com
couple

or is designed for a specific insertion depth of the earmould, which is associateq
velength 1/2 resonance at about 13,5 kHz. This half-wavelength resonance de
roducibility of measurement results in that frequency range and harmonic di
ements made at corresponding multiples of the resonance frequency. Als
nce represents a complex load to the hearing aid transducer, which makes

to differentiate between transducer and load related effects.

P, which is small enough not to produce any resonanced{in-the frequency range
The frequency response of the magnitude of acoustic impedance follows a pa
citive load up to about 30 kHz. With a sufficientlyohigh source impedance

butput at 1 kHz in comparison to data obtained«with the 2 cm?3 coupler.

upler described in this document will allow”the characterisation of hearing ai
cers, including the verification of simulation models, up to 16 kHz.

B is also approximately the residual’ volume of the ear canal when fitted with
aid (completely-in-the-canal) hearing aid, making this coupler particularly us
plication.

bination with an appropriate real-ear probe microphone measurement, the (
will enable the derivation of real-ear to coupler difference (RECD) up to 16 kHz

ed ear-
with a
grades
stortion
o, this
t more

tion is
below
tern of
and a
14 dB

ds and

a CIC
bful for

,4 cm3
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ELECTROACOUSTICS - HEARING AIDS -
METHOD FOR MEASURING ELECTROACOUSTIC
PERFORMANCE UP TO 16 kHz

1 Scope

IEC TS 62886, which is a Technical Specification, describes a coupler and measurement
methods to characterise the electroacoustic performance of hearing aids and

insert

earpho

2 No

The following documents are referred to in the text in such a way that'seme or all

conten
cited a
any amj

IEC 60
charac

IEC 60

simulafor for the measurement of earphones coupled'to the ear by means of ear inserts

IEC 60
for the
inserts

IEC 61
microp

IEC 60

3 Terms, definitions and abbreviated terms

3.1
For the

Terms and definitions

nes primarily in the range of 8 kHz to 16 kHz.

rmative references

constitutes requirements of this document. For dated references, only the
pplies. For undated references, the latest edition of the refereénced document (in
endments) applies.

118-0, Electroacoustics — Hearing aids — Part 0: Measurement of the perfo
eristics of hearing aids

B18-4, Electroacoustics — Simulators of human-head and ear — Part 4: Occlud

318-5, Electroacoustics — Simulators_6f-human head and ear — Part 5: 2 cm3
measurement of hearing aids andiearphones coupled to the ear by means

hones

P63, Scales and sizes for plotting frequency characteristics and polar diagrams

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

bf their
edition
cluding

rmance

jed-ear

coupler
of ear

D94-4, Measurement microphones — Part 4: Specifications for working sfandard

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

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

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

3.11

reference cavity
simple cylindrical cavity with the same nominal diameter and height as the coupler under test,
establishing a volume that can be measured using precision dimensional metrology

Note 1 to entry:

9,45 mm

+ 0,02 mm and a height of 5,70 mm + 0,02 mm.

In the context of this document, the reference cavity is 400 mm?3 + 3 mm3, with a diameter of


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=ae75b123de92f9ea9eade9ed6a8fd0f7
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3.1.2

effective coupler volume

adjusted volume of the coupler under test that causes the measured sound pressure level in
the coupler under test to equal the measured sound pressure level in the reference cavity

3.1.3
coupler volume ratio
20 times the logarithmic ratio to the base of 10 of the effective coupler volumes of a 2 cm3

V., s
and 0,4 cm3 coupler (201gV2$ dB)

0,4 cm®

Note 1 t¢ entry: The coupler volume ratio is expressed in dB.

Note 2 tp entry: The coupler volume ratio can vary between 13,46 dB and 14,50 dB since the ,effectivd coupler
volume bf the 2 cm3 coupler (according to IEC 60318-5) is defined as 2 000 mm® + 70 mm2 ‘and the |effective
coupler Yyolume of the 0,4 cm® coupler is defined as 400 mm3 + 10 mm?3 (see 4.2.2).

3.1.4
coupldr level difference
differefce between the sound pressure levels in the 0,4 cm3 coupler-and the 2 cm3 ¢oupler
produced by the same sound source

Note 1 tp entry: The coupler level difference includes the influence of the impedance of the sound soyrce. For
finite soyrce impedance, the coupler level difference will be less than the coupler volume ratio.

3.1.5
effectiye length of coupling tubing
length [of the acoustic coupling tubing that extends from the output of the receiver pr BTE
hearing aid ear hook to the coupler reference plane

Note 1 tp entry: The actual length of tubing used;may deviate from the effective length of coupling tuping, for
example| a) the overlap resulting from the connection to the ear hook or hearing aid receiver may incrgase the
actual lgngth of tubing used, whereas (b) connéction to the nipple of the coupling plate or earmould sjmulator,
which is|considered part of the effective length of coupling tubing, may reduce the actual length of tub|ng used
accordingly. See Figure 2, Figure 5 and Fidure 6.

3.2 Abbreviated terms

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

Inc invisible-in‘the-canal
ITE in-the-ear

BTE behind-the-ear

RIC receiver-in-the canal

RECD ~real-ear to coupler difference

SPL sound pressure level
4 Mechanical design of the 0,4 cm? coupler

4.1 General

The coupler consists essentially of a cylindrical cavity whose effective volume is nominally
400 mm3. The base of the cylindrical cavity contains the diaphragm of a microphone, or a
microphone with an adaptor. A protection grid may or may not be fitted. The microphone
measures the sound pressure level (SPL) in the coupler. The coupler shall be constructed of
hard, dimensionally stable, non-porous and non-magnetic material. The general construction
of the coupler and mounting of the microphone shall aim to minimise the response of the
microphone to vibration (for example from an earphone) or to extraneous sound outside the
cavity.
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The external diameter of the coupler should be kept as small as possible in order to minimise
diffraction errors which might affect the measurements when the coupler has to be placed in a
sound field.

Where tolerances are specified in this document, these shall be reduced by an amount equal
to the actual expanded measurement uncertainty of the test laboratory before deciding if a
device conforms to the stated requirement.

Figure 1 shows the mechanical design of the coupler.

Kry: A V777 Z j ______ ‘L i =

Lt

IEC

Key
avity diameter

avity height

N

ylindrical cavity

(o2 )

easuring microphone with protection grid
-ring or other means of airtight sealing

oupling plate (removable)

(]

oupling plate lock bushing

—

tatic pressure equalization vent

avity base; plane of microphone diaphragm

o «Q

oupler reference plane

o o
Z O 0O o O 0O O =Z O O O

icrophone insertion stop feature

Figure 1.=(Mechanical design of the 0,4 cm?3 coupler, shown with removablg
coupling plate with a nipple for the attachment of coupling tubing

4.2 Cavity dimensions

4.21 Critical dimensions

The critical dimensions of the coupler are those which determine the shape and the volume of
the cavity terminated by a measurement microphone, and the static pressure equalisation
vent.

4.2.2 Effective coupler volume

The effective coupler volume shall be 400 mm3 + 10 mm3.

The contribution of any front cavity and of the finite diaphragm impedance associated with the
measurement microphone shall be included in the effective volume of the coupler. Therefore,
the height of the cylindrical cavity should be designed such that the effective volume of the
coupler conforms to the requirement for all microphone models intended for use with the
coupler.
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4.2.3 Diameter of the coupler cavity

The diameter d, of the cylindrical coupler cavity shall be 9,45 mm = 0,05 mm.

4.3 Verification procedure of the effective coupler volume
4.31 General

The verification of the effective coupler volume (see 3.1.2) by acoustical means is performed
by comparing the sound pressure in the coupler — which includes the coupler microphone with
protection grid, the static pressure equalisation vent, microphone insertion stop if fitted and
any other feature affecting the effective volume — with the sound pressure produced in a

reference uavity (oc\: 311)

4.3.2 Test set-up

The coupling plate for this test includes a source and a control microphone;-This assembly
can be| attached to the reference cavity and the coupler under test. The~control micropphone
measutes the sound pressure in the reference cavity and in the coupler 'under test. Thg sound
sourcelinput signal shall be the same for both measurements.

NOTE [f both measurements are performed immediately one after another in/a stable environment, effectp related
to heat donduction into the cavity walls will be essentially the same for both tests.

4.3.3 Effective volume of the coupler under test

During|[the sound pressure measurements made in thé«coupler under test and in the reference
cavity, [the effective volume of the coupler under test\and the effective volume of the reference
cavity Will be increased by the effective volume V of the sound source.

Measufrement in reference cavity: Prep~ 1 (Vigs + V)
Measufement in coupler under test: Peoupler ~ V(Veoupler + Vs)

Assum|ng constant air temperature’ and using Boyle’s law:

pref/(Vr bf Vs) = pcoupler/( Vcoupler + Vs)

B P
Veoupler|= —ref Vet + —reft Vs = Vs
Pcoupler ['z:oupler

where

Vief is the volume of reference cavity

Veoupler is the volume of the coupler under test

Vs is the effective volume of the sound source which is the combined volumes of the
sound source and control microphone

Dref is the sound pressure in the reference cavity

Pcoupler is the sound pressure in the coupler under test

Vs cancels out, if peopier €qUAlS Prer.

Subsequently, 7, equals V¢

oupler
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4.4 Measuring microphone
4.4.1 General

Unless a qualified alternative microphone is used (see 4.4.3), the internal shape of the base
of the coupler shall enable a WS3P microphone as specified in IEC 61094-4, with protection
grid, to be fitted into the base in such a way that the microphone diaphragm is flush with the
interior surface of the coupler base.

4.4.2 Preferred microphone

The preferred microphone is a WS3P 6,35 mm pressure microphone as specified in
IEC 61p94—4—Alkernatively—otherrricrophenres—inreluding—these—with-smalerdimensiens, may

be usef, provided they fulfil the requirements of 4.4.3.

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

The overall pressure sensitivity level of any alternative microphone and the asspciated
measufing system shall be known by calibration with an expanded"measurement uncgrtainty
(k=2)|of no more than 0,2 dB over the frequency range, 0f) 100 Hz to 8 kHz| (when
measufements are being made over this range) and no more than 0,4 dB over the frequency
range ¢f 8 kHz to 16 kHz.

If a migrophone, for which the diameter of the movablepart of the diaphragm is less than the
diameter of the cavity of the coupler is used, the microphone, with or without protectign grid,
shall be located concentrically in the base of the coupler cavity. The effective coupler yolume
shall be preserved. The use of an alternative microphone and the associated measufrement
uncertginty of the pressure sensitivity level shalkbe stated by the user.

Measufements performed with an alternative microphone and a WS3P microphone shall not
differ by more than 0,3 dB for frequencies up to 16 kHz.

4.5 $tatic pressure equalisation vent

Any chpnge in the static pressure within the cavity caused by coupling the hearing aiq or the
earphope to the coupler_and microphone shall decay toward the static ambient pressyre with
a time |constant of less'than 1,5 s. If this necessitates the introduction of a controlled |leak in
the codpler, it shall have the following characteristics:

a) it siall not alterthe cavity volume by more than 4 mm?;

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 incfeasing
frequenty.

NOTE 1 Equalisation can be realised, for example, by a capillary tube.

NOTE 2 In the time domain, 4.5 b) is equivalent to having the equalisation allow air movement between the
interior and the exterior of the cavity at a rate such that a pressure change in the interior of the cavity with
respect to the exterior will equalise to 0,368 of the initial difference (one time constant) in less than 1,5 s.

5 Calibration

5.1 Reference environmental conditions

To ensure proper calibration of the microphone system the following environmental condition
shall be met:

Reference ambient pressure: 101,325 kPa + 3 kPa
Reference temperature: 23°Cx3°C
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Reference relative humidity 50 % +20 %

If it is not possible to fulfil these requirements, the actual condition shall be stated.

5.2 Calibration procedure

The manufacturer shall describe a calibration method for the microphone system used in the
coupler in the instruction manual.

6 Coupling of receivers and hearing aids to the coupler

6.1 oupling to a hearing aid receiver by means of tubing

Figure P describes the coupling to a hearing aid receiver. A bore diameter in.the cpupling
plate can be used which fits the coupling tubing external diameter. The tubing lis glued into
the coypling plate for proper fixation and acoustic seal. The end of the tubing should He flush
with the lower face of the coupling plate.

For stgqndardised measurements on hearing aid receivers, a tubing«with an internal dijameter
of 1 mm and an effective tubing length of 5 mm shall be used.

NOTE [or more reliable sealing of the coupling tubing to the coupling plate; the thickness of the coupllng plate
can be ifpcreased in the centre portion.

IEC

Key
earing aid_receiver
oupling_tubing

H
g
Joupling)plate with central bore corresponding to the external diameter of coupling tubing
E

ffective length of coupling tubing

Length of receiver connection port

- 0 O O T Q

Internal diameter of coupling tubing

Effective diameter of receiver connection port

«Q

Figure 2 — 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

Subclause 6.2 is applicable to any style of hearing aid embedded in or attached to an
earmould.

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) hearing aids.

An example of a partially embedded hearing aid is the receiver-in-the-canal (RIC) hearing aid.
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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 concept is illustrated in Figure 3 where it is shown with an ITE hearing aid. The
coupling is performed by attaching the ITE hearing aid by means of a sealant to the concave
shaped ITE hearing aid mounting fixture. Care should be taken to avoid any gaps or slit
leakages. Any vents in the hearing aid shall be sealed at the coupler side of the vent flush
with the coupler reference plane. Any seal should not protrude into the coupler cavity. The
end of the ITE hearing aid sound channel should be flush with the coupler reference plane.
The coupling plate is removable from the 0,4 cm3 coupler. This allows the inspection of the
seal quality and the position of the opening of the sound tube that will face the inside volume
of the coupler.

NOTE Due to the smaller volume, the 0,4 cm® coupler is more sensitive to gaps or slit leakages thanthe 2 cm?
coupler.
a
[}
b
|
|
f |
! 3
IEC
Key
a ITE hearing aid
b Slealant to seal ITE hearing aid_fo mounting fixture
[¢ ITE hearing aid mounting fixture
Figure 3 — Coupling to an ITE hearing aid
6.3 Coupling{o-a receiver in the canal (RIC hearing aid)
Figure [4 shews the coupling to a receiver in the canal (RIC hearing aid) to the ,4 cm3
couplef. This can be used as an alternative to 6.2 provided that a coupling addqpter is
available."The coupling adapter is considered a part of the receiver system, and therefore its

lower face shall be aligned with the coupler reference plane.

If the receiver is attached to an earmould, then coupling as described in Figure 3 shall be
used.
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d
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a Receiver in the canal (RIC hearing aid)
b RIC hearing aid specific coupling adaptor
c Qoupling plate
d Blore in RIC hearing aid specific coupling adaptor

Figure 4 — Coupling to a receiver in the canal (RIC hearing aid)
6.4 Coupling to a BTE hearing aid with 2 mm continuous internal diameter tubing

Figure |5 shows the coupling to a BTE hearing aidyby means of coupling tubing with 2 mm
continyous internal diameter, which reflects the;most common fitting practice. The tubing is
connedted to the coupling plate with a nipple 6£2"mm internal diameter.

For stahdardized measurements, an effegtive coupling tubing length of 43 mm shall be psed.

NOTE The 43 mm length consists of 25 mm"“of standard tubing length plus 18 mm for the earmould and|includes
the thickhess of the coupling plate.
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Figure
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in IEC

Wi

U T .

TE hearing aid

ar hook

oupling tubing with 2 mm internal diameter

oupling plate with a nipple of 2 mm internal diameter

ffective length of coupling tubing (coupler referéence plane to tip of ear-hook)

Coupling to a BTE hearing aid-with earmould simulator

50118-0 and IEC60118-7 as the standard coupling test setup.

IEC

5 — Coupling to a BTE hearing aid'with 2 mm continuous internal diameter

6 describes coupling toxa BTE hearing aid by means of coupling tubing
e coupling length of 26’/mm and 2 mm internal diameter connected to an eg
simulafor with a length of 48 mm and an internal diameter of 3 mm. This configuration

tubing

vith an
rmould
s used
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TE hearing aid
ar hook

oupling tubing
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ffective length of coupling tubing

[

ength of earmould simulator

m _r— m O M

armould simulator

Figure 6 — Coupling to a BTE hearing aid with earmould simulator

6.6 Coupling to a BTE hearing aid with thin tubing

Figure |7 describés-coupling of a BTE hearing aid by means of a thin acoustic coupling|tubing.
Typically, thin{coupling tubing is ready made in various shapes and lengths, and have a
coupling adapter for attachment of ear-domes. This adapter can be used to insert thel tubing
into a [cofresponding bore in the coupling plate. The adapter aligns flush with the goupler
reference.plane

If the thin tubing is firmly attached to a custom made earmould, then coupling according to
Figure 3 shall be used.
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BITE hearing aid

Thin coupling tubing

Qoupling plate prepared to accept thin tubing-coupling adaptor
T

hin tubing coupling adaptor

Figure 7 — Coupling to-a BTE hearing aid with thin coupling tubing

7 Transfer impedance of the 0,4 cm?3 coupler

Figure |8 shows the magnitude frequency response of the transfer impedance x frequer
ted equivalent volume. The measurement procedure is described in Annex B.

the rels

IEC
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Figure 8 — Magnitude frequency response-of the transfer
impedance x frequency and the related’equivalent volume
8 Cdmparison of the 0,4 cm3, the 2 cm3 coupler and the occluded-ear simulator
8.1  $ound pressure level frequency response curves

Figure
to the

simulafor according to IEC 60318-4(The 2 cm3 coupler response shows the typic

resona
the typ

9 shows examples of SPL responsgs*of a receiver coupled in accordance with F
0,4 cm3 coupler, the 2 cm3 coupler according to IEC 60318-5 and the occlug

hce in the 15 kHz to 16 kHz.range [1]!. The occluded-ear simulator response ¢
cal A/2 resonance in the 13,5 kHz range.

igure 2
ed-ear
bl anti-
bxhibits

1 Numbers in square brackets refer to the Bibliography.
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a Frequency response measured with the 0,4 cm?® coupler
Ffequency response measured with the occluded-ear simulator
c Ffequency response measured with the 2 cm?® coupler
Figure 9 — Comparative measurement of the 0,4 cm?3 coupler,
the 2 cm3 coupler and the occluded-ear simulator frequency responses
8.2 Comparison of the coupler impedance with typical source impedances
Figure 10 shows simulated frequency responses of the magnitude of the acousti¢ input
impedgnce |ZA| of the 0,4 cm®:the 2 cm3 coupler and some typical output impedances of
varioug types of hearing aids.~All impedances are measured at the coupler referenc¢ plane
(Figurg 1). Due to the long.tubing, the output impedance of a BTE hearing aid is falrly low
and, at[low frequencies(is'similar in magnitude to the impedance of the 0,4 cm3 couplef.

- 20 - IEC TS 62886:2016
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a JIC hearing aid

TE hearing aid
c BITE hearing aid

d 0]4 cm? coupler
e 2|cm? coupler
Figure 10 — Magnitude frequency responses of acoustic impedance of the 2 cm3,

the 0,4 cm3 coupler and various hearing aid types

8.3 nfluence of sound-source impedance on measured level difference between the
,4 cm3 coupler and the 2 cm3 coupler

Percentagewise,/the impedance of the sound source has greater influence on the (0,4 cm3
couplef in comparison to the 2 cm3 coupler. For this reason, the measured couplgr level
difference between the output measured with the 0,4 cm3 coupler and the 2 cm3 colipler is
affectef accordingly (see definition in 3.1.4). Figure 11 shows the deviation from the goupler
volume ratio (see definition in 3.1.3). The following formula is used:

V2 2t Vs V2 om3
Deviation = 20log (———— ) dB — 20log (——) dB
0,4 cm3 + VS 0,4 cm®

where

Vg is the effective volume of the sound source which is the combined volumes of the sound
source and control microphone.

The measured coupler level difference between output measured in the 0,4 cm3 coupler and
the 2 cm3 coupler is within 0,1 dB of the coupler volume ratio (an error of less than 1 %) when
the sound source impedance is at least 40 dB higher than the coupler impedance, or the
effective volume of the sound source is less than 4 mm3,
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NOTE One method to achieve a high source impedance is to use a setup as per Figure 2, but with an effective
length of the coupling tubing of 8 mm and an internal diameter of 0,15 mm.

Effective volume of the sound source, mms3
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

-

m

©

2} -0,1

7 02 C

N

S -03

2 o4 SN

{ R

g 09 \

B

& o,

g o] AN

s N

2 -0, s

8

z 0

S 1

2 ~

el

N -1, ™

g AN

£ — 1,4 \
g 1, ~
3

3

8 -1 =~
c

o

=

[a)]

IEC

Higure 11 — Deviation from the normalized'coupler volume ratio as a function
of the effective volume'of the sound source Vg

9 M3aximum permitted expanded uncertainty for coupler conformance testing

In ord¢r to demonstrate conformance with the requirements of this document, the| actual
expanded uncertainty of measuréments (for a probability of 95 %, equivalent to a cgverage
factor pf k£ =2) performed by the test laboratory shall not exceed the maximum permitted

values |of U5, in Table 1.

See algo ISO/IEC Guide-98-3.
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Table 1 - Values of U,,,, for basic measurements

Measured quantity Relevant subclause number Basic U,
(k=2)

Effective coupler volume 4.2.2 10 mm?®
Height of cylindrical cavity 4.2.2 0,05 mm
Diameter of cylindrical cavity 4.2.3 0,05 mm
Diaphragm position 4.41 0,1 mm
Volume of static pressure equalisation vent 4.5 0,5 mm3
Volume of microphone insertion stop feature 4.3.1 0,2 mm3
Sound pttenuation 4.5 0,1.dB
Ambier]t pressure 5.2 0,1 kPa
Tempefature 5.1 0,5 19C
Relative humidity 5.1 59
Interna| diameter of coupling tubing or ear-mould substitute 6.4,6.5 0,02 mm
Length|of coupling tubing or earmould substitute 6.4, 6.5 0,02 mm

10 Mgasurements using the 0,4 cm3 coupler

10.1 General

The requirements and procedures of IEC 60118-Q.shall be followed, with the exception of the

measufement frequency range. For measurements according to this document, thg 8 kHz

frequency limit in IEC 60118-0 is replaced by16'kHz.

Becauge of the expanded frequency range, the demand on the requirements for the test

enclosyre, as well as for the measurement equipment and the care of performing the
measufements are increased.

10.2 tq 10.5 describe additions to IEC 60118-0 when performing measurements us|ng the

0,4 cmp coupler.

10.2 Test enclosure and test equipment

All tesf enclosurétand test equipment requirements of IEC 60118-0 apply with the fofllowing
additiops:

a) the|uncertainties in the levels of the sound source shall be within + 2,5 dB over thg range

of § 000 Hz to 16 000 Hz;

b) the equipment for the measurement of the sound pressure level produced by the hearing
aid shall meet the requirement that the indication of the sound pressure level relative to
the indication at the frequency of calibration shall be measured with an expanded
uncertainty of no more than + 1,5 dB in the frequency range from 8 000 Hz to 16 000 Hz.

10.3 Extended frequency range for total harmonic distortion measurements

Table 2 shows the extended range of distortion test frequencies.
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Table 2 — Distortion test frequencies and input sound pressure levels

Distortion test frequency Input SPL
500 Hz 70 dB
800 Hz 70 dB
1600 Hz 65 dB
3150 Hz 60 dB
6 300 Hz 60 dB

10.4 resentation of data

10.4.1| General

All published curves showing variation of a parameter with frequency cshall be |plotted
accord|ng to IEC 60263.

10.4.2 | Presentation as 0,4 cm3 coupler data

All published data obtained with the 0,4 cm3 coupler shall be clearly labelled "Measurgd with
0,4 cm$ coupler according to IEC/TS 62886".

10.4.3 | Presentation as normalised to 2 cm?3 coupler-data

It is possible to present the data normalised to the Vvalues obtained in a 2 cm3 codpler at
1 kHz.| The data shall be labelled with "Measured with 0,4 cm3 coupler according to
IEC/TS 62886 normalized to 2,0 cm3 coupler data".

10.5 aximum permitted expanded uncertainty of measurements performed using the
,4 cm3 coupler

Table 3 specifies the maximum permitted expanded uncertainty U, ,,, for a probability ¢f 95 %
equivalent to coverage factor of- K= 2, associated with basic measurements using the ¢oupler
described in this document. See also ISO/IEC Guide 98-3.
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Table 3 - Values of U,,,, for basic measurements

Measured quantity Uhax

Sound pressure level of acoustic input:

200 Hz to 8 000 Hz 1,5 dB

> 8 000 Hz to 16 000 Hz 2,5dB
Coupler sound pressure level:

200 Hz to 8 000 Hz 1dB

> 8 000 Hz to 16 000 Hz 1,5dB
Magnetic field strength level:

200 Hz to 8 000 Hz 1,5 dB

> 8/000 Hz to 16 000 Hz 1,5 dB
Frequehcy 0,5 %
Total harmonic distortion 0,5 %
Intermqdulation distortion 0,5 %
Ambier]t pressure 0,4 kPa
Tempefature 0,5°C
Relative humidity 5%

The measurement uncertainty is composed of several factors:

— ungertainty of equipment used, such as sound generators, level meters, me

microphones, coupler, etc.;

— ungertainties of the acoustic coupling ofithe hearing aid to the coupler. Such uncer

coulld be related to diameter and length’of coupling tubing;

— accuracy and care while positioning the hearing aid in the test space.

Bsuring

fainties
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Annex A
(informative)

Response transforms between the 0,4 cm3 coupler
and the occluded-ear simulator

General

The response transforms described in Annex A allow the prediction of the sound pressure
level as it would be measured in an occluded-ear simulator. By means of simulation, the
effects[of fUrther reduction of the occluded volume, as IS the case when using CIC. qr deep
insertign devices, on output data can be derived, which could not be measured dicectly with

an occluded-ear simulator according to IEC 60318-4.

As
des
For

of the time of publication, there was no reliable data base or test equipment available to
cride or measure the real-ear response in the frequency range between 8 kHz and 16 kHz.
thi$ reason, and as a first step, this annex uses the occluded-ear simulator according to

IEC 60B18-4 as reference rather than the real-ear data. When/ appropriate neal-ear
measufement equipment becomes available, the transform curves can be updated to provide
averagp Real-Ear-t0-0,4 cm?3 coupler difference curves. Or altérnatively, an individual, Real-

Ear-to-p,4 cm3 Coupler Differences (RE04CD) may be measured.

In this pnnex, transform curves are provided for:

a)

b)

12,y mm occluded canal length, representing fitting at the occluded-ear simulator
refgrence plane. The occluded volume is 0,52cm3. The 1/2 resonance is at 13,5 kHE.

CIG-fitting:
9,1mm occluded canal length, representing insertion depth of a typical CIC hearing aid.
The occluded volume is 0,4 cm3. The' 1/2 resonance is at 19 kHz.

Stel;dard-fitting:

Degp-insertion-fitting:
6 mm occluded canal length., fepresenting insertion depth of a deep insertion devige. The
ocdluded volume is 0,265 €m®. The /2 resonance is at 28 kHz.

A.2 [Simulation model of the human ear and approximation of /2 resonarjces

Figure [A.1 shows.ihe acoustic analogue circuit of the occluded ear, including tympanic
membrpne, middle-ear and cochlea. The occluded volume, the volume between earmotld and

tym

parlic membhrane, is explicitly available — simulated by the tube model U1 — and [can be

adjustgd torstudy the effects of various insertion depths. The model is taken from [11]} figure

10;

operatinns®

the|l tube-model is described in [2]. The transform curves are composed using the following

As a basis for modelling, the response curve for standard-fitting is used for frequencies
between 125 Hz and 16 kHz. This response curve is obtained by measurement with an
occluded-ear simulator and with a 0,4 cm3 coupler. The measured response is shown in
Figure A.3.

For modelling the responses for CIC- and deep-insertion-fitting below 6 kHz, the response
for the standard-fitting is used and adjusted with corresponding corrections. The
corrections below 6 kHz are calculated based on results of simulations of frequency
response using the ear model (Figure A.1) with occluded canal lengths of 9,1 mm and
6 mm.

For modelling the responses for CIC- and deep-insertion-fitting above 6 kHz, a band pass
filter for approximating the 1/2 resonance is used (see Formula (A.1). The band-pass
resonances have a Q-factor of 8 and are centred at 13,5 kHz for standard-fitting, 19 kHz
for CIC-fitting and 28 kHz for deep-insertion-fitting.
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a Entrance to occluded ear canal (input)
b Tympanic membrane (output)
Ground terminal
U1 Tube model with parameters:
diameter 7,5 mm
length 12,7 mm, 9,1 mm and 6 mm
L inductors in H
C capacitors in F
R resistors in Q
e(numbgdr) means 1Qnumber
Suffixesfto L, C, R:
a,p,mgndt relate to the middle ear cavities
d relate to ear~drum
o relate toimalleal complex
s relatéto’incudo-stapedial joint
[¢ felate to cochlear
Figure A.1 — Electrical analogue model of the human ear
FormulaTo approximate the A/Z resonance:
‘ pxk 1
20 Ig > pxk " (absolute value of complex data) (A.1)
(px k) + +1
0+1
where
0 is the factor of the resonance curve (8);

p= ix(2xmxf),wherei=+-1 andf= (data)<0>i
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k= % where Joeak = (13 800), where f is the frequency scale and Soeak is the
) pea

frequency of resonance peak.

A.3 Measured and simulated transform responses of a standard-fitting

Figure A.2 shows the measured transform response of a hearing aid receiver when coupled to
the reference plane of the occluded-ear simulator according to IEC 60318-4. The diameter of

the earecapalis75-mmand the distancebetweesnearmould and microphone—diaphragm is

12,5 mm, thus the occluded ear canal volume is 0,52 cm3. The 1/2 resonance is nofnipally at
13,5 khiz + 1,5 kHz.
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Figare A.2 — Measured transform response of a standard-fitting

Figure |A.3shows the comparison between the measured (solid line) and the simulated

transform_response. The simulated transform response is composed of two segmgnts as
descridedin A2
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------ Simulated (125 Hz to 6 000 Hz)
|

Measured (125 Hz to 16 000 Hz)—e— Approximated (6 000 Hz to 16 000 Hz)
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Figure A.3 — Comparison between'the measured and the simulated
standard-fitting, transform response

A.4 [Transform curves for CIC-fitting and deep-insertion-fitting

IEC

By means of simulation, the occ¢luded canal lengths of 12,5 mm as used in A.2 for stgndard-
fitting is reduced from 12,5 mm to 9,1 mm to simulate the conditions for CIC hearing aids
(occluded volume 0,4 cm3), and to 6 mm to simulate the conditions for a deep i

hearing

device (occluded-volume 0,265 cm3). See Figure A.4.

nserted
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Figure A.4 — Transform responses for (a) standard-fitting, b) CIC-fitting
and-(c) deep-insertion-fitting

Table JA.1 shows the transform data at the ISO R40 preferred frequencies (onefjtwelfth
octaves) [16] in the frequency range from 125 Hz to 16 kHz.

Levels [from measurements using the 0,4 cm3 coupler plus the values in Table A.1 will give an
approx|mation of SRL at the ear drum for the device type listed in each column.
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Table A.1 — Transform data for standard-fitting (fitting at reference plane),

CIC-fitting and deep-insertion-fitting

Transform data
in dB
Freql-tlxency Standard-fitting CIC-fitting Deep-insertion-fitting
z

Occluded volume 550 mm3 400 mm3 200 mm?3
Length x diameter 12,5 x 7,5 mm 9,1 x 7,5 mm 6 x7,5mm
125 -8,90 -7,98 -7,04
132 -8,90 -7,97 -7,03
140 -8,90 =7,97 -7,03
150 -8,90 -7,97 -7,03
160 -8,90 -7,97 -7,03
170 -8,90 -7,97 -7,02
180 -8,90 -7,97 -7,02
190 -8,90 -7,97 7,02
200 -8,90 -7,96 £7,02
212 -8,90 -7,96 -7,01
224 -8,90 -7,96 -7,01
236 -8,90 -7,96 -7,01
250 -8,90 -7,96 -7,01
265 -8,90 -7,96 -7,00
280 -8,90 -7,96 -7,00
300 -8,90 -7796 -7,00
315 -8,90 7,95 -7,00
335 -8,90 -7,95 -7,00
355 -8,90 -7,95 -6,99
375 -8,90 -7,95 -6,99
400 -8,90 -7,95 -6,99
425 -8,90 -7,95 -6,98
450 -8,90 -7,94 -6,98
475 -8,90 -7,94 -6,97
500 -8,90 -7,94 -6,97
530 -8,90 -7,93 -6,96
560 -8,80 -7,82 -6,85
600 -8,80 -7,82 -6,83
630 -8,80 -7,80 -6,81
670 -8,70 -7,69 -6,69
710 8,76 67 6,65
750 -8,60 -7,55 -6,51
800 -8,40 -7,33 -6,26
850 -8,10 -6,99 -5,90
900 -7,80 -6,66 -5,52
950 -7,50 -6,31 -5,13
1000 -7,10 -5,86 -4,62
1 060 -6,50 -5,20 -3,90
1120 -6,00 -4,64 -3,26
1180 -5,60 -4,17 -2,71
1250 -5,10 -3,61 -2,06
1320 -4,80 -3,25 -1,62
1400 -4,60 -2,99 -1,28
1500 -4,50 -2,84 -1,05
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Transform data
in dB
Freq;llency Standard-fitting CIC-fitting Deep-insertion-fitting
z
1600 -4,20 -2,50 -0,64
1700 -3,80 -2,06 -0,12
1800 -3,70 -1,92 0,10
1900 -3,60 -1,77 0,33
2 000 -3,50 -1,61 0,59
2120 -3,30 -1,37 0,94
2 240 -3.10 -1,14 1.24
2 360 -2,90 -0,95 1,48
2 500 -2,70 -0,78 1,64
2 650 -2,50 -0,63 1,75
2 800 -2,20 -0,40 1,94
3000 -1,90 -0,17 2,10
3150 -1,60 0,05 2,26
3 350 -1,30 0,27 2,40
3 550 -1,00 0,48 2,54
3750 -0,70 0,67 2,65
4000 -0,30 0,96 2,86
4 250 0,00 1,14 2,94
4500 0,30 1,30 3,01
4750 0,50 134 2,94
5000 0,70 1,36 2,84
5 300 0,90 1,35 2,70
5 600 1,20 1,41 2,62
6 000 1,40 1,31 2,76
6 300 1,70 1,40 2,80
6 700 2,10 1,50 2,84
7 100 2,50 1,61 2,88
7 500 2,90 1,75 2,93
8 000 3,40 1,91 2,99
8 500 4,10 2,10 3,06
9 000 4,80 2,32 3,13
9 500 5,10 2,58 3,22
10 000 5,90 2,90 3,33
10 600 6,90 3,29 3,45
11 200 8,60 3,76 3,59
11 800 10,70 4,33 3,76
12 500 13,80 5,05 3,95
13 200 18,30 5,94 4,19
14 000 20,90 7,08 4,46
15 000 14,60 8,56 4,80
16 000 9,90 10,50 5,20
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Annex B
(informative)

Measurement and modelling of the transfer impedance
of the 0,4 cm3 coupler

B.1 Measurement procedure

B.1.1 Transfer impedance

pdance
ance at

e volume at low frequencies, while at high frequencies the first half-wave reson
approx|mately 30 kHz will influence the impedance.

To measure the transfer impedance of the coupler, a sound source with a‘*known freguency
indepepdent volume velocity (/) is used. The transfer impedance Z, isproportional| to the
measufed output sound pressure:

|ZA|(f)=% (B.1)

B.1.2 Calibration of the volume velocity source at 250 Hz

At 250|Hz, the coupler behaves as a pure volume with well-defined compliance. The ¢oupler
impedgnce Z,,59 can be determined by calculation based on the volume of a calibrated
0,4 cmp coupler.

Z = B.2
AZ50 =~ (B.2)
v
C,= > (B.3)
pc
where
C, ig the acoustic compliance of a volume (20 °C, 101,325 kPa)
P i$ the density of air (1,2041 kg/m?3)
c i$ the.speed of sound in air (343,21 m/s)
The trem-mmmmm-mm.z) and

(B.3) as

— 225,7 x 106 Ns/m°®, or
— 167 dB re 1 Ns/m>, or
— 215 Ns/m® xf.

The output level of the volume velocity source should be chosen so that noise and saturation
issues are avoided. Typically, this is achieved by a coupler SPL of 74 dB (0,1 Pa) at 250 Hz.

G5 = 250 (B.4)
Zp250

With the above data, the volume velocity ¢ at 250 Hz is 44,3 x 102 m3/s.
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Calibration of the volume velocity source over the frequency range from
100 Hz to 60 kHz

The procedure is based on the method of calibration of the microphone frequency response
as described in IEC 61094-6:

a) the

microphone is calibrated at 250 Hz by means of a pistonphone;

b) an electrostatic actuator is attached to the microphone. The electrostatic field of the
actuator will excite the microphone diaphragm to the same excursion for all frequencies of
interest.

For reasons of convenience, the calibration data obtained with the actuator (Hactuator) iS

normal
as the

The frg

B.1.4

Figure

A condenser microphone with a diaphragm of ;3 mm diameter is used as the volume
which is attached to the coupler reference plane. Care should be taken to aljgn the

source
microp
couple

The ing

The ouftput signal is taken from the WS3P coupler microphone, as specified in this docu

From p
the cou

zedtothecatibratiom vatue—at 250 Hz(measured-witha pistonphome)and Tefe
relative transmitter transfer function Hry e

S
HTr,ReI = H pctuator
J250

quency response of the volume velocity is calculated as:

O(f)= Hrrrel(f) % 9250

Test set-up for measuring the coupler transfer impedance

B.1 illustrates the test set-up.

none diaphragm flush with the coupler reference plane to avoid any offset
volume.

ut signal is fed into the micfophone by means of a microphone transmitter adapf

ressure measurements conducted with the 0,4 cm3 coupler, the frequency resp
pler transférimpedance |Z 4(/)is given by:

)

rred to

(B.5)

(B.6)

elocity

of the

er.
ment.

bnse of

(B.7)

_ols
|ZA|(f)—%
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