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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried
through ISO technical committees. Each member body interested in a subject for which a techn

out
ical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO document should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws|attention to the possibility that the implementation of this document may.involve the

are
the
the

use

of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rights in respect thereof. As of the date of publication of this document, ISO had not recei
notice of (d) patent(s) which may be required to implement this document. However, implementers
cautioned that this may not represent the latest information, which may be\obtained from the pa
database ayailable at www.iso.org/patents. ISO shall not be held responsible for identifying any o
such patent rights.

Any trade hame used in this document is information given for the‘convenience of users and does
constitute pn endorsement.

For an explanation of the voluntary nature of standards,*the meaning of ISO specific terms
expressionls related to conformity assessment, as well as information about ISO's adherence
the World| Trade Organization (WTO) principles id<the Technical Barriers to Trade (TBT),
www.iso.ofg/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 43 Acoustics, Subcommittee S
Building agoustics, in collaboration with the-European Committee for Standardization (CEN) Techn
Committed CEN/TC 126, Acoustics properties of building products and of buildings, in accordance V
the Agreement on technical cooperatien between ISO and CEN (Vienna Agreement).

This seconpd edition cancels and_rpeplaces the first edition (ISO 10534-2:1998), which has b
technically revised.

The main dhanges are as follows:

— the introduction of'the measurement procedure to estimate the characteristic properties of por

ved
are
fent
- all

not

and
to
see

2,
ical
vith

een

ous

materials (characteristic impedance, wavenumber, dynamic mass density, dynamic bulk moduflus)

in an informativé annex. The signal processing techniques have been updated since the first ver
of this[dogument.

bion

Any feedba e deet t he-Hsers-aa
complete listing of these bodies can be found at www.iso.org/members.html.

iv © IS0 2023 - All rights rese

rved


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=8f3ee9ff107716436bea568112139777

INTERNATIONAL STANDARD

ISO 10534-2:2023(E)

Acoustics — Determination of acoustic properties in
impedance tubes —

Part 2:

Two-microphone technique for normal sound absorption

CO

efficientand normal surface impedance |

Scope

if test method covers the use of an impedance tube, two microphone lgeations and a
ysis system for the determination of the sound absorption coefficient of'sound absorbin
for mormal incidence sound incidence. It can also be applied for the determination of the
surface impedance or surface admittance of sound absorbing materials; As an extension, it
usefl to assess intrinsic properties of homogeneous acoustical mdterials such as their chg
impedance, characteristic wavenumber, dynamic mass density and-dynamic bulk modulus.

The test method is similar to the test method specified in ES0v10534-1[1 in that it uses an

frequency
b materials
acoustical
can also be
racteristic

impedance

tubg with a sound source connected to one end and the test sample mounted in the tube 4t the other

end} However, the measurement technique is different. fh-this test method, plane waves arg
in g4 tube by a sound source, and the decompositigh of the interference field is achiey
megsurement of acoustic pressures at two fixed locations using wall-mounted microphonsg
tubg traversing microphone, and subsequent calculation of the complex acoustic transfer fy
quantities reported in the previous paragraph.The test method is intended to provide an :
and| generally much faster, measurement teChnique than that of ISO 10534-1[11,

Normal incidence absorption coefficients coming from impedance tube measuremen
conjparable with random incidence absorption coefficients measured in reverberation room
to ISO 354[2l. The reverberation room method will (under ideal conditions) determine
absprption coefficient for diffuse sound incidence. However, the reverberation room methg

generated
fed by the
S or an in-
nction and
|Iternative,

[s are not
b according
the sound
d requires

test specimens which are rather large. The impedance tube method is limited to studies at jormal and

plafhe incidence and requixes samples of the test object which are of the same size as the cr
of the impedance tubelEor materials that are locally reacting only, diffuse incidence sound
coefficients can be éstimated from measurement results obtained by the impedance tube n
Annex E).

Thr +j0)t

ough thewhole document, a e time convention is used.

2 |Nermative references

hss-section
pbsorption
ethod (see

There are no normative references in this document.

3 Terms, definitions and symbols

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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31
sound absorption coefficient at normal incidence

Oy

ratio of the sound power dissipated inside the test object to the incident sound power for a plane wave

at normal incidence

Note 1 to entry: “Plane wave” here describes a wave whose value, at any moment, is constant over any plane
perpendicular to its direction of propagation. “Normal incidence” describes the direction of the longest axis of

the impedance tube.

3.2

sound pressure reflection coefficient at normal incidence

r

complex ratio of the reflected wave sound pressure amplitude to that of the incident wave in
reference plane for a plane wave at normal incidence

3.3

reference plane

cross-section of the impedance tube for which the reflection factor r or the impedance Z or
admittance G are determined and which is usually the surface of the test object;-if flat

Note 1 to enftry: The reference plane is assumed to be at x = 0.

3.4
normal-incidence surface impedance
Z
ratio of th¢ complex sound pressure p(x = 0) to the normal gomponent of the complex sound part
velocity v(¥ = 0) at an individual frequency in the referenceplane defined as x =0

Note 1 to enptry: The particle velocity vector has a positive @irection pointing towards the interior of the te
object.

Note 2 to entry: Z is expressed in newton second pex/cubic meter (Ns/m3)

3.5
normal-incidence surface admittance
G
inverse of the normal-incidence surface impedance Z

Note 1 to entry: G is expressed incubic meter per newton per second (m3/N/s)

3.6
wave number in air
ko
variable, expressed:in radian per metre, defined by

ko =wlep=2nf /co=2n/A

the

the

icle

Sted

where

®  isthe angular frequency,
f is the frequency,
¢p  isthe speed of sound in the air,

A  isthe wavelength in air.

Note 1 to entry: In general, the wave number is complex, so that ko =k — jk; where k; is the real component

and k(')' is the imaginary component (which is the attenuation constant).

2 © IS0 2023 - All rights reserved
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Note 2 to entry: k(') is expression in radians per metre.

3.7

material characteristic wave number

kC

variable, expressed in radian per meter, defined by

k. =w/c=27tf/c=a)1/peq /Keq

where

d is the speed of sound inside the material;
D.q  is the material dynamic mass density (defined in 3.9);
Keq is the material bulk modulus (defined in 3.10)

3.8
material characteristic impedance

varjable, expressed in Newton second per cubic metre, defined by

Z. :\/pqueq

3.9
material dynamic mass density

peq
varlable describing the visco-inertial dissipatioh inside the tested material.

Note 1 to entry: The dynamic mass density can differ from the static (volume-averaged) value.
Notg 2 to entry: It is expressed in kg/ni3.

3.19

maferial dynamic bulk modulus

Ke
q

varjable describing théthermal dissipation inside the tested material.
Note¢ 1 to entry: Theé dynhamic bulk modulus can differ from the static (volume-averaged) value.
Not¢ 2 to entry; \Itis expressed in N/m? (or equivalently in pascal).

3.11
coerlex sound pressure

p
frequency-domain spectrum of the sound pressure time signal

3.12
Cross spectrum

S12
product p, p; * determined from the complex sound pressures p; and p, at two microphone positions

Note 1 to entry: * means the complex conjugate.

©1S0 2023 - All rights reserved 3
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3.13

Ccross spectrum

S21

product p; p, * determined from the complex sound pressures p; and p, at two microphone positions

Note 1 to entry: * means the complex conjugate.

3.14
auto spectrum

3.15

transfer fiinction

Hy,
transfer fu

or 522 /SZ

3.16
calibratio
HC

factor used

Note 1 to entry: See

3.17

locally rez
material fd
the behavi

Note 1 to ey
independe

n|
and perforat

material, it

&0
NO

nction from microphone position one to two, defined by the Compk@ratio P2 /P1=S12/
1/2

L or [(S15/511)(S22 /S21)1Y ®)

h factor N\

N

to correct for amplitude and phase mismatches\E@?ween the microphones

o
K\
cting material QO

r which the pressure and Veloc1t<@hﬂs at a given point on the surface are independen
bur at other points of the surfac()

try: This local reaction beha@r infers specific properties for a material: its surface impedan
on the incidence angle ofa@ e wave impinging the material. Homogeneous honeycomb struct
ed plates are examples ssible locally reacting materials (see Figure 1 a)). For a locally read
absorption coeff1c1en@pends on the angle of incidence as its reflection coefficient does as well

Q.O
Q

a)l

Key

rigid and impervious backing

plane wave impinging the sample

plane wave impinging the sample with a different angle

Figu

re 1 — Propagation of plane waves inside a locally reacting material sample and
comparison to a non-locally reacting material sample

|95

11

[ on

Ce is
ires
ting
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3.18
bulk or extended reaction material
material for which the reaction does not occur only normal to the surface.

Note 1 to entry: The reaction in each point of the material is hence dependent on the reaction of the neighbouring
points. Examples of materials experiencing bulk reactions are foams made of multiple pores and fibrous with
fibres not parallel to each other's (see Figure 1 b)).

4 Principle

Thimmmmmghvﬁgﬂmmfmdﬂﬁghmwﬁmce tube.
Plaje waves are generated in the tube by a sound source emitting a signal such as asgandom noise,

psefido-random sequence, or a deterministic signal such as a chirp signal, and the-sound pressures
are|measured at two locations near to the sample. The complex acoustic transferfunction|of the two
microphone signals is determined and used to compute the normal-incidenges complex reflection
coefficient (see Annex C), the normal-incidence absorption coefficient, and”“the normal incidence
surface impedance of the test material. From two distinct measurements, the€intrinsic propdrties of the
material (characteristic wave number, characteristic impedance, dynamic mass density arjd dynamic
bulk modulus) can be assessed assuming this material is homogeneous.

The quantities are determined as functions of the frequency (er frequency bands as {letailed in
1SO[26613]) with a frequency resolution which is determined from.the sampling frequency and the record
length of the digital frequency analysis system used for the measurements. The usable frequency range
deplends on the lateral dimensions or diameter of the tube ‘and the spacing between the microphone
posftions. An extended frequency range may be obtained from the combination of measureents with
different lateral dimensions (or diameter) and spacings,

Thg measurements may be performed by employing one of two techniques:
a) |two-microphone method (using two micréphones in fixed locations);

b) [one-microphone method (using oneumicrophone successively in two locations).

Technique 1:  requires a pre-test orin-test correction procedure to minimize the amplitud¢ and phase
difference charactéristics between the microphones; however, it combines $peed, high
accuracy, and ease of implementation. Technique 1 is recommended for general test
purposes.

Technique 2:  has pdrticular signal generation and processing requirements and may necesfitate more
timephowever, it eliminates phase mismatch between microphones and allpws the se-
lection of optimal microphone locations for any frequency. Technique 2 is recpommended
for measurements with higher precision, and its requirements are described in more
detail in Annex B.

5 [Test equipment

5.1 Construction of the impedance tube

The apparatus is essentially a tube with a test sample holder at one end and a sound source at the other.
Microphone ports are usually located at two or three locations along the wall of the tube (depending on
the chosen microphone spacing).

The impedance tube shall be straight with a uniform cross-section (diameter or cross dimension within
+0,2 %) and with rigid, smooth, non-porous walls without holes or slits (except for the microphone
positions) in the test section. The walls shall be heavy and thick enough so that they are not excited to
vibrations by the sound signal and show no vibration resonances in the working frequency range of the
tube. For metal walls, a thickness of about 5 % of the diameter is recommended for circular tubes. For
rectangular tubes, the corners shall be made rigid enough to prevent distortion of the side wall plates.

© IS0 2023 - All rights reserved 5
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It is recommended that the side wall thickness be about 10 % of the cross dimension of the tube. Tube
walls made of concrete shall be sealed by a smooth adhesive finish to ensure air tightness. The same
holds for tube walls made of wood; these should be reinforced and damped by an external coating of
steel or lead sheets.

The shape of the cross-section of the tube is arbitrary, in principle. Circular or rectangular (if
rectangular, then preferably square) cross-sections are recommended.

If rectangular tubes are composed of plates, care shall be taken that there are no air leaks (e.g. by
sealing with adhesives or with a finish). Tubes should be sound and vibration isolated against external
noise or vibration.

5.2 Working frequency range
The working frequency range is given by Formula (1):
h<f$h (1

where

fi is the lower working frequency of the tube;
f  isthe operating frequency;
fu is the upper working frequency of the tube.

fi is limited by the uncertainty of the signal processing equipment and the spacing between the fwo

microphonle positions.
fu 1s chosen to avoid the occurrence of non-plane‘wave mode propagation. The condition for f}, is

given by Fgrmula (2):
d<0,5B A,: f,-d<0,58 c, (2)

=

for circulaf tubes with the inside diameter d in metres and f; in Hertz. The same condition, givep by

Formula (3) is used:
d<0,5p A, : f,-d<0,50.¢5 (3)

for rectangular tubes with'the maximum side length d in metres; ¢, is the speed of sound in metres|per
second given by Formila (4).

The spacirlg s in~metres between the microphones shall be chosen to avoid singularities when|the
distance of the two microphone positions is equal to a multiple of half the operating wavelength. [The

> i =3 o +dad o oo i Lo
flI‘St Slngu ar 1t_y TS~ avoTaC O Wit CIISUT Ity tuat

fu:5<0,45 ¢, (4)

The lower frequency limit is dependent on the spacing between the microphones and the uncertainty
of the analysis system but, as a general guide, the microphone spacing should exceed 1,5 % of the
wavelength corresponding to the lower frequency of interest, provided that the requirements of
Formula (4) are satisfied. A larger spacing between the microphones enhances the accuracy of the
measurements for these low frequencies but reduces the value of the upper working frequency.

Different microphone spacings can be used to cover a wider frequency range than the one allowed
for a single spacing. In this case, the working frequency ranges shall overlap by about one octave (as

6 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=8f3ee9ff107716436bea568112139777

ISO 10534-2:2023(E)

described in ISO 266[3]). The averaging technique used to obtain the averaged and combined result
should be at least mentioned.

Different impedance tubes can also be used to cover a wider frequency range than the one allowed for a
single tube (see Clause 10 i).

5.3

Length of the impedance tube

The tube should be long enough to cause plane wave development between the source and the sample.
Microphone measurement points shall be in the plane wave field.

The
out
rect
rec
tim
Tes
mirn
but

non
mil

5.4

Mic
use

For
mic

5.5

Wh
flus
toH
mic
sha

loudspeaker generally will produce non-plane waves besides the plane wave. Thg
within a distance of maximum three tube diameters or three times the lateral: din
angular tubes for frequencies below the lower cut-off frequency of the first higher imode
mmended that microphones be located no closer to the source than three tubé diamete
bs the lateral dimensions.

[ samples will also cause proximity distortions to the acoustic field. It is Tecommende
imum spacing between microphone and sample of %2 diameter or ¥»maximum lateral

y will die
ensions of
. Thus, itis
rs or three

1 to have a
dimension,

this spacing should be increased to 2 diameters or 2 times the@aximum lateral di
-planar materials or materials with a few small perforations {as perforated plates wi
imetric perforation).

Microphones

rophones of identical type shall be used in each location. When side-wall-mounted micro
1, the diameter of the microphones shall be smalccompared to ¢; / f,, .

side-wall mounting, it is recommended .te:;tise microphones of the pressure type. |
rophones, it is recommended to use microphones of the free-field type.

Positions of the microphones

bn side-wall-mounted microphornes are used, each microphone shall be mounted with the
h with the interior surface ofithe tube. A small recess is often necessary to prevent the 1
e inserted inside the tubé (see Figure 2); the recess should be kept small and be identig
rophone mountings. Therhicrophone grid shall be sealed tight to the microphone housin
| be a sealing betweén)the microphone and the mounting hole.

7zl

i

N

ension for
h a single

phones are

for in-tube

diaphragm
hicrophone
al for both
b and there

1

Key
1
2

=X

a) Rectangular cross-section b) Circular cross-section

microphone

sealing

Figure 2 — Examples of typical microphone mounting for a tube

When using a single microphone in two successive wall positions, the microphone position not in use
shall be sealed to avoid air leaks and to maintain a smooth surface inside the tube.

©IS
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When using side-vented microphones, it is important that the pressure equalization vents are not
blocked by the microphone mounting.

All fixed microphone locations shall be known to a tolerance of +0,2 mm or better, and their spacing s
(see Figure 3) shall be recorded.

Traversing microphone positions shall be known to a tolerance of +0,5 mm or better.

Finally, it is recommended to set the microphone positions to a distance not larger than 250 mm
(x4 <250 mm) from the rigid backing of the impedance tube (i.e. the opposite end to the loudspeaker)

to reduce the impact of the first acoustic resonances in the tube on the microphone measurements.

Key

1 microphone A

2 microIhone B

3 test specimen

s spacinlg between the two microphones

X distanfe between the surface of the test specimen and the microphone closest to the sound source

Figure 3 — Microphone positions and distances

5.6 Acoustic centre of the microphone

For the determination of the acoustic centre of a microphone, or minimizing errors associated with a
difference petween the acoustic and geemetric centres of the microphones, see A.2.2.

5.7 Testisample holder

The test sample holder is eithérintegrated into the impedance tube or is a separate unit, which is tightly
fixed to orle end of the tube during the measurement. The length of the sample holder shall be Igrge
enough to Install test objects with air spaces behind them if required.

If the sample holdefis a separate unit, it shall comply in its interior dimensions with the impeddnce
tube to within £0;2 %. The mounting of the tube shall be tight, without insertion of elastic gaskets

(petroleunp jelly'or thread seal tape is recommended for sealing).
For rectamd to

make the installation section of the tube accessible by a removable cover for mounting the test sample.
The contact surfaces of this removable cover with the tube shall be carefully finished and the use of a
sealant (like a petroleum jelly or a thread seal tape) is recommended in order to avoid small leaks.

For circular tubes, it is recommended to make the test object accessible from both the front and the
back end of the sample holder. It is then possible to check the position and flatness of the front surface
and the back position.

Generally, in connection with rectangular tubes, it is recommended to install the test object from the
side into the tube (instead of pushing it axially into the tube). It is then possible to check the fitting and
the position of the test object in the tube, to check the position and the flatness of the front surface, and
to reposition the reference plane precisely in relation to the front surface. A sideways insertion also
avoids compression of soft materials.

8 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=8f3ee9ff107716436bea568112139777

ISO 10534-2:2023(E)

The back plate of the sample holder shall be rigid and shall be fixed tightly to the tube since it serves
as a rigid termination in many measurements. A metal plate of thickness not less than 10 mm is
recommended.

For some tests, a pressure-release termination of the test object by an air volume behind it is needed

(thi

5.8

s is described in Annex C).

Signal processing equipment

The signal processing system shall consist of an amplifier and an analysing system which is able to

det

ormine the transfer function ”14 between the twa mirrnphnna locations. - The transfer fi

nction can

be

resj
imp
sign
Fas
Ag
Sys
The
fun
pro

letermined via a two-channel fast Fourier transform (FFT) analysing system, or yia
bonse measuring system and a subsequent Fourier transformation of the impulsé h€sp
ulse response measuring system can use two-channel FFT or cross-correlationAf the me
al is of the m-sequence type, a cross-correlation-based analysis system, which fof instan|
r Hadamard Transform, shall be used.

bnerator capable of producing the required source signal (see 5.10) compatible with the
em is also required.

dynamic range of the analyser should be greater than 65 dB. The'errors in the estimat
ction Hy, due to non-linearities, resolution, instability and temperature sensitivity of

ressing equipment shall be less than 0,2 dB.

hn impulse
onses. The
asurement
ce uses the

b analysing

bd transfer
the signal

Usipg the one-microphone technique, the analysing system shall be able to calculate the transfer

fun

5.9
A nj

ction Hq, from the generator signal and the two microphone signals measured consecuf]

Loudspeaker

embrane loudspeaker (or a pressure chamber loudspeaker for high frequencies with §

trajsmission element to the impedance tube) should be located at the opposite end of the

the
cro
ori

Thd
tot
fra

test sample holder. The surface of the loudspeaker membrane shall cover at least two-t
bs-sectional area of the impedance'tube. The loudspeaker axis may be either coaxial wi
hclined, or connected to the tube by an elbow.

loudspeaker shall be contained in an insulating box in order to avoid airborne flanking tr
he microphones. Elasticwibration insulation shall be applied between the impedance ty
e of the loudspeaker.as well as to the loudspeaker box (preferably between the impe

and/the transmission element also) in order to avoid structure-borne sound excitation of the
tubg.

5.10 Signal generator

The signal~generator shall be able to generate a stationary signal with a flat spectral den
thelfrequency range of interest. It may generate one or more of the following: random, pseud

ively.

i horn as a
tube from
irds of the
h the tube,

insmission
be and the
Hance tube
impedance

bity within

lo-random,

1 1 1 1 - . . . 1
perluuu, pPScudu=-T1alluulll, O CIIT'P €XCILAUIUII, 45 TCUUITTU.

In the case of the one-microphone technique, a deterministic signal is recommended. A periodic pseudo-

ran

dom sequence is also well suited for this method.

Discrete-frequency generation and display are necessary for tube calibration purposes (according to
Annex A). Discrete- frequency generation and display shall have an uncertainty of less than +2 %.

5.1

1 Thermometer, barometer and relative humidity

The temperature shall be measured and kept constant during a measurement with a tolerance of +1 K.
The temperature transducer shall be accurate to +0,5 K or better.

The atmospheric pressure shall be measured with a tolerance of 0,5 kPa.

©IS
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If available, the information about the relative humidity shall be reported with a tolerance of +2 %.

It is recommended to place the sensors for these measurements in the room where the tube lies rather
than inside the tube unless the tube and the sensors are designed so that they can work properly

without having a noticeable influence on the wave field inside the tube.

6 Preliminary test and measurements

The test equipment shall be assembled, typically as shown in Figure 4, and checked before use by a
series of tests. These tests help to exclude error sources and secure the minimum requirements. The

checks maj be in two categories: prior to or following each test, and periodic calibration tests pefore
each measfirement session of half a day or a day maximum. In each case, the loudspeaker should be

operated for at least 5 min prior to a measurement to allow the temperature to stabilize.

Checks pr

or to and following each test involve microphone response consistency, t€émperature
measuremgnt and a test of the signal-to-noise ratio.

Periodic calibrations are performed with a rigid termination of the empty impedance tube and an
absorbent jmaterial (to reduce the impact of the air-column resonances inside jthe impedance tube).
is the determination of the acoustic centre of a microphone, arnd/or the corrections| for
attenuation in the impedance tube.

Their aim

These prel

minary measurements are described in Annex A.

10
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7
— |
L— 6
—
Key
microphone A 4 impedance tube 7 signal generator
microphone B 5 sound source 8 frequency analysis system

test specimen 6 amplifier

Figure 4 — Example of layout for test equipment

7 |Test specimém mounting

The test specimén shall fit snugly in the holder. However, it shall not be compressed unduly nor fitted
so tlightly thiatit bulges. Sealing of any crack about the edge of the sample with a petroleum jelly or a
thr¢ad sealtape is recommended. Samples such as carpet material or low-density material$ should be
firmly-attached to the back plate using a thin double-sided adhesive tape to prevent vibratignal motion
ana‘unwanted air gaps. (1

The front surface of flat test samples shall be mounted normal to the tube axis. Their positions shall be
specified with minimum tolerances: for objects with flat and smooth surfaces, to within £0,5 mm. With
porous materials of low bulk density, it may be helpful to fix and to define the surface by a thin, wire
grid with wide mesh.

The vibrations of the solid phase of poroelastic material samples may significantly influence their sound
absorption (usually in local frequency bands). Such a behaviour is related to the size of the sample and
its boundary conditions inside the tube and is not an intrinsic characteristic of the material. Testing
samples of different diameters leads to shifts in frequency of these phenomena with, consequently,
difficulties in overlapping curves.

©1S0 2023 - All rights reserved 11
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Testing high-thickness samples for a material can lead to difficulties in the installation of the samples,
with compression (even not homogeneous) of the material samples. Consequently, the sample tested
show absorption coefficients which are not consistent with those of the original material.

In the case of rigid and highly reflective samples (asphalts, plasters...), it is necessary to carefully seal
the lateral perimeter of the samples along their entire thickness; cylindrical defects can cause lateral
air cavities and consequently absorption peaks due to resonances in these cavities.

If the specimen has an uneven or irregular face, microphone locations shall be chosen to be sufficiently
far away so that the measured transfer function is in the plane wave region. When the specimen has
an uneven back which would introduce an unintended backing air space, a layer of putty-like material
should be placed between it and the sound-reflective back plate to seal the back of the specimen and to
add enough thickness to make the front surface parallel to the back plate.

A minimu of three specimens, more if the sample is not uniform, should be tested in‘repejted
measuremgents using the same mounting conditions.

8 Test procedure

8.1 Spegification of the reference plane

The first step in the measurement of the acoustic properties, after thedmounting of the test specifen
according to Clause 7, is the specification of the reference plane (x =0)Typically, this coincides with|the
surface of the test specimen. If, however, the test specimen has a surface profile or a lateral structutfe, it
shall be pldced some distance in front of the test object.

The distanice from the reference plane to the nearest microphone shall be in accordance with 5.3. [The
reference plane location in relation to microphone 1, depicted in Figure 3, shall be reported with a
tolerance df £0,5 mm or better.

NOTE he exact determination of the reference-plane location is not required if only the absorption
coefficient if measured.

If the test pbject exhibits a pattern which differs from the cross-section of the tube (e.g. a perforated
cover sheef or an array of resonators. with rectangular patterns inside a tube with a circular crpss-
section), the properties of the objecdt might be severely modified. A way to quantify this mismatdhed
pattern effect is to perform several measurements with varying positions of the cuts relative to|the
object strycture. In any case, thé ‘information about this mismatched pattern shall be added in|the
report as described in Clause.10.

8.2 Det¢rmination‘of the sound velocity, wavelength and characteristic impedance

Before starting aghédsurement, the velocity of sound, ¢, in the tube shall be determined, after which
the wavelephgthsqat the frequencies of the measurements shall be calculated.

The elOCl af d matarnar cacand ~o0 o Sccnccn daccuratalyy uath Lo ladaon ofF b 401 air
\% e

temperature from ormula (5):
co =343,2T, /293 (5)

where T, is the temperature, in Kelvin. The wavelength then follows from Formula (6):

=co/f (6)

The density of the air, py, can be calculated from Formula (7):

Po = Pref (pOTref)/(prefTO) (7)
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where

Ty is the temperature, in kelvin;

pp  isthe atmospheric pressure, in Pa;
Tt =293K;

Pref =101 325 Pa;

Pref  =1,186 kg/m3.

The characteristic impedance of the air is the product pycy.

8.3| Selection of the signal amplitude

Theg signal amplitude shall be selected to be at least 10 dB higher than the,background noise at all
frequencies of interest, as measured at the chosen microphone locations.

Thq frequency response of the loudspeaker should ideally be equalized\in the presence of gn anechoic
termination (i.e. a highly absorbing termination) at the sampleocation to flatten out|the sound
pregsure level measured at the microphone positions. During a teSt, any frequency having p response
valge 60 dB lower than the maximum frequency response valie shall be rejected, but an efualization
proredure may be performed in the presence of the test sample:

8.4 Selection of the number of averages

Usifg averaging techniques, errors due to noise can be reduced whatever the signal is: random, pseudo-
ranflom or deterministic. Due to the ergodicity~hypothesis of the process, averaging ovér multiple
realisations as well as averaging over a longer'signal (or multiple longer signals) is also possible.

Theg number of averages needed depends-on the tested material and the required accugacy of the
trapsfer function estimate (see D.4).

8.5| Correction for microphene mismatch

8.5]1 General

When using the two:-microphone technique, one of the following procedures for coriecting the
megsured transfer~function data for channels mismatch shall be used: repeated measuregnents with
chahnels interchanged, or predetermined calibration factor. A channel consists of a midrophone, a
prepmplifier.andan analyser.

In the case.of the one-microphone technique, since only one microphone is used there is o need for
corfection with respect to microphone mismatch in the evaluation of the transfer function.

8.5.2 Measurement repeated with the channels interchanged

Correction for microphone mismatch is done by interchanging channels for every measurement on a
test specimen. This procedure may be preferred when a limited number of specimens are to be tested.

Observe the following instructions:

Place the test specimen in the tube as described in Clause 7 and measure the two transfer functions
H{Z and H{IZ using the same mathematical expressions for both (see 8.6).

Place the microphones in configuration I (standard configuration, see Figure 5) and store the transfer
function H{Z Interchange the two channels A and B, as shown in Figure 6.

©1S0 2023 - All rights reserved 13
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3 2 1
| |
_____ 5 4
Key
1 microphone A 4  position 1
2 microphone B 5 position 2

3  testspgcimen

Figure 5 — Standard configuration (configuration I)

3 1 2
| |
54
Key
1  microphone A 4 positiond
2 microphone B 5 positioh 2

3  testspgcimen
Figure 6 — Configuration with channels interchanged (configuration II)

When intdrchanging the microphones, ensure that microphone A in configuration II (chanpels
interchanged) occupies the precise location‘that microphone B occupied in configuration I (standard
configuratjon), and vice versa. Do not'switch microphone connections to the preamplifier or signal
analyser.

Measure the transfer function H{IZ and compute the transfer function using Formula (8):
1/2 ;
Iyl
Hyp = H12'H12) =[H1;|e’? (8)

If the analyser is ehly'able to measure transfer functions in one direction (e.g from microphone A to
microphonge B), H}, can be computed using Formula (9):

1/2 ;
— (gL 1 = J?
H12_ Hu //Hu) IHuIV (9)

8.5.3 Predetermined calibration factor

This is a calibration procedure using a special calibration specimen and the correction is valid for all
successive measurements. This procedure may be preferred as a prelude to testing a series of samples,
since after calibration the microphones remain in place.

Observe the following instructions:

Place an absorptive specimen in the tube to prevent strong acoustic reflections and measure the two
transfer functions H{Z and H{IZ using the same mathematical expressions for both (see 8.6).
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Place the microphones in configuration [ (standard configuration, see Figure 5) and measure the
transfer function H{Z . Interchange the two channels (Figure 6).

When interchanging the microphones, ensure that microphone A in configuration II (channels
interchanged) occupies the precise location that microphone B occupied in configuration I (standard
configuration), and vice versa. Do not switch microphone connections to the preamplifier or signal

analyser. Measure the transfer function H{IZ and compute the calibration factor H. using Formula (10):

1/2 ,
H, =(H{2/H§I1) =|H|e/%

(10)

mid

For
spe

wh

Cor

8.6

8.6

Insd
des

If t}lle analyser is only able to measure transfer functions in one direction (e.g from micro

rophone B), H. can be computed using Formula (11):

)1/2

He=(Hip Hip) " =[H|e/*

subsequent tests, place the microphones in configuration I (standard configuration). Ins
Cimen and measure the transfer function
H, = H12|ej¢) = H, + jH,
bre
A12 is the uncorrected transfer function;
® is the uncorrected phase angle;
H, is the real part of H,,;
H, is the imaginary part of f,,"
Fect for mismatch in the microphene responses using Formula (13):
Hy, = [Hyp|e” = 212

c

Determination of the transfer function between the two locations

1 General

rt thetest specimen and in accordance with the requirements of one of the two
cribed in this document, measure the complex acoustic transfer function.

phone A to

(11)

ert the test

(12)

(13)

techniques

8.6.

2 Cross- and autospectra-based estimate

The complex acoustic transfer function may be defined in three ways:

©IS

512 j ,
Hyp =—%==|Hy,|e’? = H, + jH;
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S22 ' ;
Hyp =—%=|Hqy|e’? =H, + jH;
521
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1/2

S4o S ; .

Hm[ﬁ-ﬁ} =|Hyle’? = H+ jH, (16)
511 S21
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where

H. isthereal partof Hy,;

H;  istheimaginary partof Hy,.
Formula (14) is recommended for cases where there is noise at the output (signal 2).
Formula (15) is recommended for cases where there is noise at the input (signal 1)

Formula (16) is recommended for cases involving noise at input (signal 1) and output (signal 2).

8.6]3 Frequency-domain deconvolution

If deterministic measurement signals are used, then the transfer function can be determined as

F,
H,, =—% 17
2 g (17)

whére
2] is the fast Fourier transform of one frame of the time signal recorded by microphgne 1;

E, is the fast Fourier transform of one frame of the titne’signal recorded by microphg¢ne 2.

Instead of a single frame of each of the two signals, one)an use an average of a number pf periodic
framnes of each signal.

8.6/4 Impulse-response based estimate

If deterministic measurement signals are~used, then the transfer function can be detdqrmined as

Formula (18):

(18)
whegre

Hgq is the transferfunction from the generator to microphone 1;
Hg, is the trahsfer function from the generator to microphone 2.

The transferflinctions Hy; and Hg, are, in turn, determined as a Fourier transform of the impulse

responses, which can be measured with frequency-domain convolution, followed by an ifpverse Fast
Fourier\ Transform, or with the cross-correlation technique, in case one uses an rh-sequence
medsuvement signal.

When the two impulse responses have been determined, it is possible to truncate the measured impulse
responses at the time where the measured decaying impulse response reaches the background noise
floor, and thereby reduce the effects of background noise.

An arbitrarily fine frequency resolution for H;, can be achieved by using zero-padding after the two
impulse responses have been truncated.

For the single-microphone technique, use the procedure given in Annex B.
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8.7 Determination of the reflection coefficient

Calculate the reflection coefficient using Formula (19):

r=lrle” =r.+jr, = —le__gl e/ (19)
R 12
where
Iy is the real component;
el s the distance between the reference plane of the sample and the further microphone locatfion;
¢ s the phase angle of the normal incidence reflection coefficient;
ko s the complex wave number of the waves propagating in the air contained by\the impeddnce

ube. The attenuation of the tube (not be confused with the attenuation of/the material)|can
be described analytically through a replacement of the real wave number k; by a complex

lvave number as described in A.2.1.2.

H; and Hy| are defined in Annex D.

8.8 Det¢rmination of the sound absorption coefficient

Calculate the normal incidence sound absorption coefficient according to Formula (20):

o, =14 =1-r2 —r? 20)
where

Iy s the real component;

I s the imaginary component.

8.9 Det¢rmination of the specific acoustic impedance ratio

Calculate the specific acoustic impedance ratio according to Formula (21):

Z [(Pofo)=R/(poco)F3X /(poco)=(1+r)/(1-r) 21)
where

R is the'real component;

X istheimaginary-component;

Poco  isthe characteristic impedance of air.

8.10 Determination of the specific acoustic admittance ratio

Calculate the specific acoustic admittance ratio according to Formula (22):

GpoCo =9PoCo — jbPoCo = Poco / Z (22)
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g isthe real component;

b isthe imaginary component.

9 Precision

Details of the test procedure and signal processing shall be chosen so as to yield an uncertainty of
1 % or better for the amplitude and 0,6° or better for the phase of the transfer function at all reported

frequencies (see D.4).

NOTE

The subsequent translation of these uncertainties to the determined acoustic materia| properties

woyld be speculative due to error sources other than the transfer function evaluation, payticilarly yith respect

to the material samples and placement, bias errors (see Annex D) and reference plane definition.

Thd
rep
Sch

Infq
inte

10
The

a)

b)
‘)
d)
e)

Test report

test report shall include the following information:

name and address of the testing laboratory;

name and address of the perison or organization or person who ordered the test;
description of the test specimen and its acoustically relevant characteristics:

1) structural datasuch as:

accuracy of the measured quantities in this document should follow_the general |definitions
prted in ISO 5725-1[4]. For the uncertainties related to the two-microplione method, the work by
11tz et al. 2007(3] is suggested.

rmation concerning the reproducibility and repeatability *of " this standard is ayailable in
rlaboratory comparison tests[el[Z],

a statement, if true in all details, that the testwas performed in accordance with this dofument, i.e.
ISO 10534-2:2023; if not, state the deviatiois;

name of the manufacturer and identification of the test specimen (tradename, if available);

lateraldimensions and total thickness,
flatress of the surface or characteristic profile height, if any,

number, arrangement and thickness of layers, including air spaces,

dimensions of structural units, such as resonators, and their arrangement,

positions of the cuts of the test sample relative to characteristic lines of test objects with
lateral structures,

structure, thickness and porosity of covers such as grids, and perforated metal sheet,

2) material data such as:

bulk density and, if available, air flow resistivity of porous materials,

component materials of the test object,

3) construction characteristics such as: connection of layers to each other (glued, or other);

f) description of the test specimen: its number, size and mounting;
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g)
h)

j)

20

temperature and atmospheric pressure; relative humidity if measured;

date of the test;

tabular and graphical presentation of the test results as a function of frequency:

— the results as third-octave band data shall always be reported in a tabular form (see Table 1).
The calculation of the absorption coefficient for each third of octave band is obtained as the
arithmetic average of the narrow band frequency values at the frequencies contained in each
third of octave. For each third of octave band a minimum of six narrow band frequencies are
required for the calculation.

— if
re
sh

— ifdifferentimpedance tubes were used to cover a wider frequency range, the working frequd

ra
th
in
co
bo
to

(04

where «, (f) is the averaged normal incidence $ound absorption coefficient at frequen

oy

se
th
fre

descri]
proced

sults or uncertainty shall be indicated, the mean value and the relative standard.devia
b1l be given;

hges shall overlap by a minimum of one octave (as described in ISO 266[31}and the value
p overlap domain, should not differ by more than 0,05 in terms of «, Without being cle

licated or discussed. The results for each tube should be reported as well as the averaged
mbined one (see example in Figure 7) to qualify and quantify ‘the possible effects of
undary conditions and inhomogeneity of the tested samples. The averaging technique u
obtain the averaged and combined result shall be as given indormula (23):

fmax _f fmax_f ]

1(f):an,LFm _fmax_fmin

+0 HF [1

LF is the normal incidence sound absorptiop coefficient obtained with the tube of the la
Ction, @y, yp is the normal incidence sound*absorption coefficient obtained with the tub

quency of the overlapping domain;

btion of the instruments used, including details about the impedance tube and the
ure.

more than one test specimen of a sample (of the same material) was tested, the indivicllual

Fion

ncy
5, in
hrly

and
the
sed

23)

Ly f,
'ger
e of

e smaller section, f;, is the low frequency of the overlapping domain, f,,, is the high

test
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normal incidence sound absorption coefficient

Figure 7 — Example of graphical representation of the independent and combined data for the

overlapping technique described<in'Clause 10 i) with Formula (23)

Table 1 — Third octave frequency data-of the independent measurements plotted in|Figure 7

Frequency o, (tube. 3100 mm) o, (tube 329 mm) ¢, (combined)
Hz
80 0,07 0,07
100 0,08 0,08
125 0,30 0,30 0,30
160 0,38 0,45 0,39
200 0,50 0,55 0,51
250 0,63 0,66 0,64
315 0,74 0,76 0,75
400 0,83 0,84 0,84
500 0,89 0,90 0,90
630 6,94 8,93 8,93
800 0,96 0,94 0,94
1000 0,96 0,95 0,95
1250 0,94 0,96 0,96
1600 0,96 0,95 0,95
2000 0,98 0,98 0,98
2500 0,99 0,99
3150 0,99 0,99
4000 0,99 0,99
5000 0,99 0,99
6300 0,99 0,99
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A.1 Prig

Annex A
(normative)

Preliminary measurements

rtoorfollowing each measurement session or test
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crophone amplitude calibration

ch measurement session, it is recommended to calibrate each microphone amplitude
f £0,3 dB or better with respect to a stable sound source over the working fréquency ra

ave a linear frequency response over the working frequency range.

h measurement session, a check of the rigid termination should bé-done. This check cong
nd absorption measurement of the empty tube (i.e. without any sample) in the frequg
e of the tube.

absorption coefficient measured for the empty tube<should not exceed 0,10 in nar
pands and 0,05 in third-octave bands representation. Inithe latter case, it is recommende
alibration, with a sample of porous material inside the tube during the calibration prog
heck the rigid termination.

mperature measurement

1d following each test, a temperaturesfneasuring device with a measurement toleranc
etter shall be used to report the air témperature.

' pressure measurement

H following each test, the girpressure shall be measured with a measurement tolerance g
kPa.

Jative humidity-measurement

mation is ayailable, the relative humidity shall be measured with a tolerance of, at lg

nal-to-noise ratio

Prior to ea

[0 a
nge.

equency test, for example piston phone, is deemed sufficient provided~the microphone is

ists
ncy

Fow
d to
ess,

e of

f at

ast,

h-measurement session, the sound pressure spectrum shall be measured at each microph

one

position with the source sound source on and off. The source sound spectra shall be atleast 10 dB higher
than the background noise at all reported frequencies. Frequencies within the reported sequence which
do not comply with this requirement shall be recorded in the test report.

22

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=8f3ee9ff107716436bea568112139777

ISO 10534-2:2023(E)

A.2 Periodic calibration

A.2.1 Tube attenuation

A.2.1.1 Correction for tube attenuation

The incident sound wave py(,y and the reflected sound wave pg(,) will generally be attenuated during

propagation due to viscous and thermal losses. The main effect of the attenuation is a monotonic
increase of the amplitudes of the sound pressure minima with increasing distance from the reflecting
surface Normally this will not influence the results ohtained using the methods given in this document.
However, when the distance from the surface of the test specimen to the nearest microphepe is larger
than three tube diameters or three times the maximum transverse dimension of\ & rectangular
impgedance tube, corrections shall be applied for this in the evaluation of the quantities|which are
detérmined according to this document.

Thd led in the

cala

attenuation constant is determined in accordance with A.2.1.2 and¢san be inclu
ulations of the reflection coefficient.

A.2|1.2 Determination of corrections for the tube attenuation

The attenuation of the tube (not be confused with the attenuation’ of the material) can bg described

analytically through a replacement of the real wave number kg by a complex wave number:

ko =kb — jkG s ko =2m/2q (A1)

where kj is the attenuation, in radian per unit length.
The tube attenuation is best determined expefimentally but it requires a moving microphone probe
(seq ISO 10534-1:1996, A.3[1).
Forlfixed-microphone positions, the tubelattenuation can be estimated, see A.2.1.3
A.211.3 Estimation method
At the lower end of the workihg frequency range, if two pressure minima can not be exglored with
sufficient precision, the attenuation constant can be estimated numerically by Formula (A.2]:
” -2

ko =1,94x10"“ \/f A cod) (A.2)
where d, in metrés, is the diameter of circular tubes or the ratio of four times the cross-sectiqnal area to
the [perimetér)of rectangular tubes, and fis the frequency in hertz. This estimation, howevgr, does not
conpider sources of attenuation such as porous walls and objects in the tube. Thus, it can be fonsidered
as g lower limit.
Notethat the soumd speedisassumed to be imdependent of the frequerncy:

A.2.2 Determination of the acoustic centre of a microphone

The acoustic centre of a side-mounted microphone may be different from its geometric centre causing
erroneous location of the microphone(s) and subsequent errors in acoustic property assignment.

At present no acoustic centre calibration procedures have been validated for microphones with
fixed positions as described in this document. Such errors shall therefore be considered part of the
uncertainties associated with the method. It is strongly advised that orientation of a side-wall-mounted
microphone with respect to the longitudinal axis of the tube be maintained throughout a test or test
series. Choosing microphones with small membrane diameters in relation to their spacing will also
reduce this error.
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Annex B
(normative)

Procedure for the one-microphone technique

The accuracy of the one-microphone technique depends upon the way it is implemented. It is absolutely

necessary te-epsure thatthao con dfiald attbhatua fivad locationcic camanlad cannianti~a vy aath o of—-\ble
Y pe-ensStre-thatte-SeuhaHeraattHe-tWo-Hxe a8 €atioRsS 155 Ho+ et anry-Witaa-5tg

ampled-se
sound souice. A deterministic signal for the sound source is recommended.

This meth¢d uses the same set-up as that described for the two-microphone technique (se¢ Eigurg¢ 3).
However, the transfer functions between the sound pressures at the two positions is calculated from
two transfer functions measured in a sequential manner:

Hyp =M /Hgy (B.1)

where s is the generator signal.

The two trpnsfer functions Hgq and Hg, can be determined with the impulse response-based method
(see 8.6).

The micrgphone location not used shall be sealed properly,\preferably by employing a dunmmy
microphone plug.
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Annex C
(informative)

Theoretical background

The measuring method is based on the fact that the sound reflection factor at normal incidence r can be

determin

the

Thd
For

rainad from tha o~ cen dtrancfor fiinctiny JT hatwwoaon tua micranbhong nocitinnc
eatHro—thHeheaSureathanRsterTaicHeh—rBetweehtwWwoehHHeropRohRe-poesiaons

tested material, see Figure 3.

sound pressures of the incident wave p; and the reflected wave pp are, respectivel

and|

whg

Py ¢

The

and

and

The

+ko — jkg is a complex wave number.

mula (C.1) and (C.2):
~ Jk

b= p[e] o
« ik,

Pp = Pp To*

nd pg are the magnitudes of p; and pp at the reference plane (x = 0);

sound pressures p; and p, in the two nricrophone positions are respectively given by Foj

(C4):

0 jkgxy T -jkox
pl_ple 01+pRe 041

S jkoxy O ik
pz = ple] 0%2 +pRe J OXZ
transfer fun¢tion for the incident wave alone Hj is given by Formula (C.5):

H = Par_ - jko(x1=x2) _ o= Jkos
b11

in front of

y given by

(C.1)

(C.2)

'mula (C.3)

(C.3)

(C.4)

(C.5)

wh

re $=Xq1 —X, did IS the 5epdratlion between thne two micropnones.
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Similarly, the transfer function for the reflected wave alone Hy is given by Formula (C.6):

Hp = P2r _ ,jko(x1-%2) _ ,Jkos (C.6)
P1r

The transfer function Hy, for the total sound field may now be obtained by using Formula (C.3) and
(C.4) and noting that py = rp; as given by Formula (C.7):

Py elkox2 | o= ikoX2

Hyp =22 =—— - (C.7)
P17 T e 7O
Transposirjg Formula (C.7) to yield r, and using Formulas (C.5) and (C.6), one has:
H{py —H ;
=12 7L p2jkoxg (£.8)
Hg|-Hy,

The sound|reflection factor r at the reference plane (x = 0) can now be determined\from the measyred
transfer functions, the distance x; and the wave number k; which may inchide the tube attenuation

constant k.

NOTE It is important that the transfer function is compensated for phas€.and pressure amplitude mismptch
of the micrdphones when the two-microphone technique is used.
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