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Foreword

SO (the Internafional Organizafion for Standardizafion) IS
federation of national standards bodies (ISO member bodies)-
preparing International Standards is normally carried. ‘eut
technical committees. Each member body interested i a subje
a technical committee has been established has the.right to be
on that committee. International organizations,’ ‘governmenta
governmental, in liaison with ISO, also take” part in the
collaborates closely with the International " Electrotechnical

(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical com
circulated to the member bodies{for voting. Publication as an |
Standard requires approval by‘at least 75 % of the member bo
a vote.

International Standard 1SO© 10534-2 was prepared by Technica
ISO/TC 43, Acoustics,»Subcommittee SC 2, Building acoustics.

ISO 10534 consists of the following parts, under the (
Acoustics —-Détermination of sound absorption coefficient and
in impedarice tubes:

Rart 1: Method using standing wave ratio

Part 2: Transfer-function method

Annnexes A to C form an integral part of this part of ISO 10534,
to G are for information only.
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Acoustics — Determination of sound absorption coefficient
and impedance in impedance tubes —

Part

Transfer-function method

1 S¢ope

This testmethod covers the use of an impedance tube, two microphone locéations and a digital frequen

cy analysis

system for the determination of the sound absorption coefficient of sound,absorbers for normal sound ipcidence. It

can also
absorbin
propertie
are usefl

be applied for the determination of the acoustical surface impedance or surface admittang
j materials. Since the impedance ratios of a sound abserptive material are related to
5, such as airflow resistance, porosity, elasticity and density, measurements described in this
I in basic research and product development.

The test
sound s

method is similar to the test method specified in 1SO 10534-1 in that it uses an impedance
urce connected to one end and the test sample mounted in the tube at the other end. H
measurement technique is different. In this test methad{“plane waves are generated in a tube by a nq
and the decomposition of the interference field is achieved by the measurement of acoustic pressures
locations| using wall-mounted microphones or an, in-tube traversing microphone, and subsequent calcu
complex |acoustic transfer function, the normalincidence absorption and the impedance ratios of t

e of sound
its physical
test method

tube with a
bwever, the
ise source,
at two fixed
ation of the
he acoustic

material.|The test method is intended to pravide an alternative, and generally much faster, measurement technique

than that|of ISO 10534-1.

Compargd with the measurement (of)the sound absorption in a reverberation room according to
specified| in 1SO 354, there are soeme characteristic differences. The reverberation room method will
condition) determine the sound absorption coefficient for diffuse sound incidence, and the method can
testing of materials with prernounced structures in the lateral and normal directions. However, the rq
room method requires testSpecimens which are rather large, so it is not convenient for research and d
work, where only smaltisamples of the absorber are available. The impedance tube method is limited td
studies at normal incidence but requires samples of the test object which are of the same size as the ¢
of the impedance‘tube. For materials that are locally reacting, diffuse incidence sound absorption coe
be estimpted from measurement results obtained by the impedance tube method. For transformation
results from-the impedance tube method (normal incidence) to diffuse sound incidence, see annex F.

the method
under ideal
be used for
bverberation
evelopment
parametric
0ss-section
ficients can
of the test

2 Definitions and symbols

For the purposes of this part of ISO 10534 the following definitions apply.

2.1

sound absorption coefficient at normal incidence

o

ratio of sound power entering the surface of the test object (without return) to the incident sound power
wave at normal incidence

for a plane
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2.2

sound pressure reflection factor at normal incidence

r

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

2.3

reference plane

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

NOTE The iefclcl TCT p:cll T ;D aooulllcd 1o bC atx= C

2.4
normal surface impedance
VA
ratio of the pomplex sound pressure p(0) to the normal component of the complex sound pafticle velocity y(0) at an
individual frequency in the reference plane

2.5
normal surface admittance
G
inverse of the normal surface impedance Z

2.6
wave number

variable defined by

ko = wlg = 2xflcy

where

o is the angular frequency;
f  isthe frequency;

Cy is the speed of sound.

NOTE In general the wave number is’complex, so

ko = ko' [~ iko”

ko is the real component (ky" = 211/Ap);
Ag is the wavelength;
ko” is thedmaginary component which is the attenuation constant, in nepers per metre.

2.7
complex sound pressure

p
Fourier Transform of the temporal acoustic pressure

2.8
cross spectrum

S

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

NOTE * means the complex conjugate.
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auto spectrum

1
product p;[p,*, determined from the complex sound pressure p; at microphone position one

NOTE *

2.10

means the complex conjugate.

transfer function

Hio

transfer function from microphone position one to two, defined by the complex ratio p,/p; = S;o/S;; or $5/S,q, Or

[(512/511

2.11
calibratio
HC

factor us

(SISO

n factor

bd to correct for amplitude and phase mismatches between the microphones

NOTE Sg¢e 7.5.2.

3 P

The test
generate|
are meag
signals i
normal-irj

inciple

sample is mounted at one end of a straight, rigid, smooth andvairtight impedance tube. Plang
1 in the tube by a sound source (random, pseudo-random sequence, or chirp), and the soun
ured at two locations near to the sample. The compleXacoustic transfer function of the two
5 determined and used to compute the normal-incideénce complex reflection factor (see an
cidence absorption coefficient, and the impedance fatio of the test material.

The quantities are determined as functions of the frequency with a frequency resolution which is dete
ling frequency and the record length of the-digital frequency analysis system used for the measurements.

the samp
The usal
An exten
spacings
The mea

1:
2:

Techniqu

Techniqu

le frequency range depends on the width“of the tube and the spacing between the microphon
ded frequency range may be obtained,from the combination of measurements with different
surements may be performedsby*employing one of two techniques:

two-microphone.method (using two microphones in fixed locations);
one-microphohe method (using one microphone successively in two locations).

e 1l requiresia pre-test or in-test correction procedure to minimize the amplitude and phas
characteristics between the microphones; however, it combines speed, high accuracy,
implementation. Technique 1 is recommended for general test purposes.

e 2 has particular signal generation and processing requirements and may require more time

eliminates phase mismatch between microphones and allows the selection of optimal

waves are
 pressures
microphone
nex C), the

mined from

e positions.
widths and

e difference
and ease of

however, it
microphone

locations for any frequency. Technique 2 Is recommended for the assessment of tuned resonators

and/or precision, and its requirements are described in more detail in annex B.

4  Test equipment

4.1 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, but variations involving a
centre mounted microphone or probe microphone are possible.
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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. 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 rectangulpr tubes are composed of plates, care shall be taken that there are no air leaks (e.g. py-sealing with
adhesives gr with a finish). Tubes should be sound and vibration isolated against external noise or vibratiory.

4.2 Working frequency range
The working frequency range is
f| <f< fJ (1)

where

fi  is fhe lower working frequency of the tube;
f  is the operating frequency;

f, is fhe upper working frequency of the tube.
f| is limited Ry the accuracy of the signal processing equipment.
f is chosenfto avoid the occurrence of non-plane wayve 'mode propagation.
The conditign for f, is:
d<0,584,; f,;;d<0,58c¢, (2
for circular thibes with the inside diameter d in metres and f, in hertz.
d<0,5/A,; f,d<0,50¢g 3)

for rectangylar tubes with the maximum side length d in metres; ¢ is the speed of sound in metres per second given by
equation (5).

The spacing sinimetres between the microphones shall be chosen so that

furs<0,45¢ (4)

The lower frequency limit is dependent on the spacing between the microphones and the accuracy of the analysis
system but, as a general guide, the microphone spacing should exceed 5 % of the wavelength corresponding to the
lower frequency of interest, provided that the requirements of equation (4) are satisfied. A larger spacing between
the microphones enhances the accuracy of the measurements.

4.3 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.
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The loudspeaker generally will produce non-plane modes besides the plane wave. They will die out within a
distance of about three tube diameters or three times the maximum lateral dimensions of rectangular tubes for
frequencies below the lower cut-off frequency of the first higher mode. Thus it is recommended that microphones be
located no closer to the source than suggested above, but in any case no closer than one diameter or one
maximum lateral dimension, as appropriate.

Test samples will also cause proximity distortions to the acoustic field and the following recommendation is given for
the minimum spacing between microphone and sample, depending upon the sample type:

non-structured: 1 diameter or ¥2 maximum lateral dimension
semi-lateral structured: 1 diameter or 1 maximum lateral dimension
strpngly asymmetrical: 2 diameters or 2 times the maximum lateral dimension

4.4  Microphones

Microphgnes of identical type shall be used in each location. When side-wall-mounted micfophones afe used, the
diameter|of the microphones shall be small compared to cy/f,,. In addition, it is recommended that the microphone
diameters be less than 20 % of the spacing between them.

For side-wall mounting, it is recommended to use microphones of the pressure type. For in-tube microphones, it is
recommgnded to use microphones of the free-field type.

4.5 Pgsitions of the microphones

When side-wall-mounted microphones are used, each microphohg/shall be mounted with the diaphragn flush with
the interipr surface of the tube. A small recess is often necessary as shown in figure 1; the recess shquld be kept
small ang be identical for both microphone mountings. The _microphone grid shall be sealed tight to the microphone
housing and there shall be a sealing between the microphane and the mounting hole.

Key
1 Microphone
2 Sealing

Figure 1 — Examples of typical microphone mounting

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.

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 an accuracy of £ 0,2 mm or better, and
their spacing s (see figure 2) shall be recorded. Traversing microphone positions shall be known to an accuracy
of £ 0,5 mm or better.
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Figure 2 — Microphone positions and distances
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4.7 Test

The test sa
end of the
objects with
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+0,2%. Th
sealing).

For rectang
installation

of this remg
in order to 4

For circular
sample holg

Generally,

tube (insteg
object in th
precisely in

The back p

£

rmination of the acoustic centre of a microphone, or minimizing errors-associated with a ¢
acoustic and geometric centres of the microphones, see A.2.3.

sample holder

mple holder is either integrated into the impedance tube,oris a separate unit which is tightly fix
tube during the measurement. The length of the sample holder shall be large enough to it
air spaces behind them as required.

e holder is a separate unit, it shall comply in_its interior dimensions with the impedance tube)
e mounting of the tube shall be tight, withoutinsertion of elastic gaskets (vaseline is recommg

ular tubes, it is recommended to integrate the sample holder into the impedance tube and to
cection of the tube accessible by asremovable cover for mounting the test sample. The contact
vable cover with the tube shallthe carefully finished and the use of a sealant (vaseline) is recon
void small leaks.

tubes, it is recommended-to make the test object accessible from both the front and the back €
er. It is then possihle-to check the position and flatness of the front surface and the back positid

N connection with rectangular tubes, it is recommended to install the test object from the sid¢
d of pushingit axially into the tube). It is then possible to check the fitting and the position g
e tube, to/check the position and the flatness of the front surface, and to reposition the referer
relation-te'the front surface. A sideways insertion also avoids compression of soft materials.

late, of the sample holder shall be rigid and shall be fixed tightly to the tube since it serves

ifference

Pd to one
stall test

to within
ended for

make the
surfaces
hmended

nd of the
n.
b into the

f the test
ce plane

hs a rigid

termination

H & A ialalak fdlosal | sl faYal H el
ATy T dSUTTTITCTI . A THTAl PIdiT UT TTTICRTTCOo S TTUTTTOo S UTdlIT ZU TN TS TCTUTTIITITCTIUTU.

For some tests a pressure-release termination of the test object by an air volume behind it is needed. This is
described in annex C.

4.8 Signal processing equipment

The signal processing system shall consist of an amplifier, and a two-channel Fast Fourier Transform (FFT)
analysing system. The system is required to measure the sound pressure at two microphone locations and to
calculate the transfer function H;, between them. A generator capable of producing the required source signal
(see 4.10) compatible with the analysing system is also required.
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The dynamic range of the analyser should be greater than 65 dB. The errors in the estimated transfer function Hq,
due to nonlinearities, resolution, instability and temperature sensitivity of the signal processing equipment shall be
less than 0,2 dB.

Using the one-microphone technique, the analysing system shall be able to calculate the transfer function H;, from
the generator signal and the two microphone signals measured consecutively.

4.9 Loudspeaker

A membrane loudspeaker (or a pressure chamber loudspeaker for high frequencies with a horn as a transmission
element to the impedance tube) should be located at the opposite end of the tube from the test sample holder. The

surface (
tube. The

The loud
microphd
loudsped
element

4,10 Si
The sign
range of
or chirp ¢

In the ca

t the Toudspeaker membrane shall cover at Teast two-thirds of the cross-sectional area of the
loudspeaker axis may be either coaxial with the tube, or inclined, or connected to the tubecby-¢

speaker shall be contained in an insulating box in order to avoid airborne flanking,transmi
nes. Elastic vibration insulation shall be applied between the impedance tube.and the fr
ker as well as to the loudspeaker box (preferably between the impedance tube and the t
hso) in order to avoid structure-borne sound excitation of the impedance tube:

jnal generator

Al generator shall be able to generate a stationary signal with a-flat/spectral density within th
interest. It may generate one or more of the following: random;~pseudo-random, periodic pseu
Xcitation, as required.

5e of the one-microphone technique, a deterministic signakis recommended and a periodic pse

impedance
n elbow.

5sion to the

ame of the
ransmission

b frequency
do-random,

Lido-random

sequence is well suited for this method, although special siginal processing will be required. The progessing first
involves |an m-sequence correlation via the fast Hadamard transform to produce an impulse response. The
frequency response is subsequently obtained by Fourier transform of the impulse response.

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

4.11 Ldudspeaker termination

Resonances of the air column in thé impedance tube will always arise. These should be suppressed by lining the
inside of|the impedance tube near the loudspeaker with at least a 200 mm length of an effective sounfl-absorbent
material.

4.12 ThHermometer andybarometer

The temperature jn, \the impedance tube shall be measured and kept constant during a measurement with a
tolerancq of + 1 Ku.The temperature transducer shall be accurate to + 0,5 K or better.

The atmg@spheric pressure shall be measured with a tolerance of + 0,5 kPa.

5 Preliminary test and measurements

The test equipment shall be assembled, typically as shown in figure 3, and checked before use by a series of tests.
These tests help to exclude error sources and secure the minimum requirements. The checks may be considered to
be in two categories: prior to or following each test, and periodic calibration tests. In each case the loudspeaker
should be operated for at least 10 min prior to a measurement to allow the temperature to stabilize.

Checks prior to and following each test involve microphone response constancy, temperature measurement and a
test of the signal-to-noise ratio.
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Periodic calibrations are performed with a rigid termination of the empty impedance tube. Their aim is the
determination of the acoustic centre of a microphone, and/or the corrections for attenuation in the impedance tube.

These preliminary measurements are described in annex B.

6 Test

The test sp
bulges. Se3
sample can

as carpet material sheuld be firmly attached to the back plate using double-sided adhesive tape tq

vibrational 1

The front s
with minimu

7
3
2 1
16
T
A 5
Key
1 Microphone A 4 Impedance tube 7 Signal generator
2 Microphone B 5 Sound source 8 Frequency analysis system
3 Test specimen 6 Amplifier,

Figure 3 — Example of layout for test equipment

specimen mounting

ecimen shall fit snugly-in the holder. However it shall not be compressed unduly nor fitted so tig
lling of any crack-about the edge of the sample with vaseline or plasticine is recommended.
be held more-firmly, if necessary, by taping and greasing the entire edge. For example, sam

notion and unwanted air gaps.

Lirface\of flat test samples shall be mounted normal to the tube axis. Their positions shall be

ntly that it
The test
bles such

prevent

specified
als of low

m.telerances: for objects with flat and smooth surfaces, to within £ 0,5 mm. With porous materi

bulk density

CitTmay betetpfuttofikanmdtodefime the—surface by = thim, Tror=vitrating wire grid wittrwide

h.

If the specimen has an uneven or irregular face, surface 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 minimum of two specimens, more if the sample is not uniform, should be tested in repeated measurements using

the same m

ounting conditions.

If the test object has a regular lateral structure (e.g. perforated cover sheets, resonator arrays, etc.), the cuts of the
test samples shall be along lines of symmetry of that structure. If the dimensions of multiple structural units of the
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test object do not fit with the cross dimensions of the impedance tube, the measurements shall be performed with
several test samples with varying positions of the cuts relative to the structure. Repetition of the measurements with
test samples cut from different places of the test object are also necessary with materials which are laterally
inhomogeneous (such as mineral fibre products).

7  Test procedure

7.1 Specification of the reference plane

The first step in the measurement of the acoustic properties, after the mounting of the test specimen according to

clause 6’|| is the specification of the reference plane (x=0). Typically this coincides with the surfage
specimen. If, however, the test specimen has a surface profile or a lateral structure, it shall beyp

distance

n front of the test object.

of the test
aced some

The distance from the reference plane to the nearest microphone shall be in compliance with 4.3. The reference
plane lodation in relation to microphone 1, depicted in figure 2, shall be reported with an accuracy of + 0,5 mm or
better.
NOTE The exact determination of the reference plane location is not required if only the apsorption coefficient is measured.
7.2 Determination of the sound velocity, wavelength and characteristic impedance
Before gtarting a measurement, the velocity of sound, ¢y, in theXtube shall be determined, aftef which the
wavelengths at the frequencies of the measurements shall be calculated.
The velogity of sound can be assessed accurately with knowledge of the tube air temperature from equation (5):

Cp=|3432+T/293 m/s (5)
where T |s the temperature, in kelvin.
The wavelength then follows from:

Ao =|co/f (6)
The dendity of the air, p, can be calculated from

p, T
p =|po2—22 7)
Po T

where

T s thetemperature, in kelvin;

pa [Isithe atmospheric pressure, in kilopascals;

To =293 K;

po = 101,325 kPa;

Po = 1,186 kg/m3.

The characteristic impedance of the air is the product pcg.

7.3 Selection of the signal amplitude

The 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.
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The frequency response of the loudspeaker should idealy be equalized in the presence of an anechoic termination
at the sample location to flatten out the pressure response measured at the microphone positions. During a test,
any frequency having a response value 60 dB lower than the maximum frequency response value shall be rejected,
but an equalization procedure may be performed in the presence of the test sample.

7.4 Selection of the number of averages

Using averaging of the spectra measured at the microphone positions, errors due to noise can be cancelled out.
The number of averages needed depends on the tested material and the required accuracy of the transfer function
estimate. (See E.2 and E 3.)

7.5 Corr
When using
predetermirn

In the case
respect to n

7.5.1 Meas

Correction f
This proced

Place the tg
using the sz

Place the mj

Interchangsg

bction for microphone mismatch

ed calibration factor. A channel consists of a microphone, preamplifier and analyserchannel.

of the one-microphone technique, since only one microphone is used there is\ne need for corre
hicrophone mismatch in the evaluation of the transfer function.

urement repeated with the microphones interchanged

or microphone mismatch is done by interchanging channels for every measurement on a test s
ure may be preferred when a limited number of specimen aredto be tested.

st specimen in the tube as described in clause 6 andgmeasure the two transfer functions H,,
ime mathematical expressions for both (see 7.6).

icrophones in configuration | (standard configuration, see figure 4) and store the transfer functi

the two microphones A and B as shown-in figure 5.

the two-microphone technique, one of the following procedures for correcting the measured transfer
function data for channels mismatch shall be used: repeated measurements with channelslinterchg

nged, or

ction with

pecimen.
Il
and Hqs,

I
n le.

10

1
L
. ]
5 4
Key 3 Test specimen
1 Microphone A 4 Position 1
2—MierephoneB 5—Pesiton2

Figure 4 — Standard configuration (configuration
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When inferchanging the microphones, ensure that microphone A in configuration || \(microphones in

occupies

Measure

Hio

If the ana
H12 can

Hio

7.5.2 Pr

This is a
measure
the micra

Place an
functions

Place th¢ microphones in configuration | (standard configuration, see figure 4) and measure the trang

[
Hys.

3 2 1

I
. [
5 &4

Key 3 Test specimen

1 ?V‘i;bl Upi 1UT1C B 4 FUDitiUII 1

2 Microphone A 5 Position 2

Figure 5 — Configuration with microphones interchanged (configuration IH)

the transfer function H !, and compute the transfer function using eéguation (8):

V2 ;
=(H1|2 EHZLHZ) = |Ho[e!®

e computed using equation (9):
V2 i

_ | 1 _

= (le / H21) = [Hyole'?

bdetermined calibration factor

calibration procedure using a‘special calibration specimen and the correction is valid for all
ments. This procedure may(be preferred as a prelude to testing a series of samples, since afte
phones remain in place.

absorptive specimen in the tube to prevent strong acoustic reflections and measure the {
H,, and H ' usiAg the same mathematical expressions for both (see 7.6).

Interchar

ge-the two microphones (figure 5).

erchanged)

the precise location that microphone B occupied in configuration | (standard configuration}), and vice
versa. D@ not switch microphone connections to the preamplifier or signal analyser;

8)

lyser is only able to measure transfer functions in ope“direction (e.g from microphone A to microphone B),

©)

successive
r calibration

wo transfer

fer function

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

Measure

the transfer function H 1”2 and compute the calibration factor H. using equation (10):

V2 -
(g2
Hc = (le/le) = [Hele'?

(10)

11
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If the analyser is only able to measure transfer functions in one direction (e.g from microphone A to microphone B),
H,, can be computed using equation (11):

He = (Hph tHIDY? :|Hc|ej¢C (11)

For subsequent tests, place the microphones in configuration | (standard configuration). Insert the test specimen
and measure the transfer function

= ':'12|ej¢ =H, + j H (12)

H,, is|the uncorrected transfer function;
¢ is|the uncorrected phase angle;
isthe real part of Hy,;

H; is|the imaginary part of Hy,.

Correct for mismatch in the microphone responses using equation (13):

A

Hi2=|H12l| el¥= Hi12 (13)
Hc

7.6 Detgrmination of the transfer function between the twe.locations

Insert the tgst specimen and in accordance with the requirements of one of the two techniques described in this part
of ISO 10534, measure the complex acoustic transfer funcfion.

The complei acoustic transfer function may be defined\n’'three ways:

Hip = 2T21=|H12|ej¢:Hr+j H 4)
Hip = ;2—21=|H12|ej¢:Hr+j Hi (15)
/2
Hip = Eslj—z g2z O =H#]H (16)
511 S10
where

H, is ]:e realpart of Hyo;
Hi is

e imaginary part of le

Equation (14) will normally be used.
Equation (15) is recommended for cases where there is noise at the input.
Equation (16) is recommended for cases involving noise at input and output.

For the single-microphone technique, use the procedure in annex B.

12
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7.7 Determination of the reflection factor

Calculate the normal incidence reflection factor (see annex D):

r=|r|ej¢r =r, +jr; =

where
Iy
fi
X1

@

Hiz = H  2ikox
R~ Hi

is the real component;

is the imaginary component;

ISO 10534-2:1998(E)

17)

H, and Hy are defined in annex D.

7.8 Determination of the sound absorption coefficient

Calculatd the normal incidence sound absorption coefficient:

o=

7.9 D¢
Calculatg
Zlp

where
R
X

pCo

7.10 De
Calculatg
Gpq

where

L—|r|2 =1-r2-r2

rtermination of the specific acoustic impedance ratio
the specific acoustic impedance ratio:

©=Ripe+ Xipg=@+ )1

s the real component;
s the imaginary component;

s the characteristic impedance!

termination of the specific acoustic admittance ratio
the specific acoustic admittance ratio:

)= PG - Jpe=pe/ Z

g

s(the real component;

is the distance between the sample and the further microphone location;

is the phase angle of the normal incidence reflection factor;

(18)

(19)

(20)

b

8 Pr

is the imaginary component.

ecision

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 E.3.)

NOTE The subsequent translation of these uncertainties to the determined acoustic material properties would be speculative
due to error sources other than the transfer function evaluation, particularly with respect to the material samples and
placement, bias errors (see annex E) and reference plane definition.

13
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Information concerning the reproducibility and repeatability of these test methods is not available. It is
recommended that this information be obtained through interlaboratory comparison tests as soon as possible (see

ISO 5725-1

for information).

9 Test report

The test report shall include the following information:

a) astatement, if true in all details, that the test was performed in accordance with this part of ISO 10534; if not, state
the deviations;

b) name gnd address of the testing laboratory;

c) name gf the manufacturer and identification of the test specimen (tradename, if available);
d) name gnd address of the person or organization or person who ordered the test;

e) descrigtion of the test specimen and its acoustically relevant characteristics:

1) strdctural data such as:

2) ma

3) con

f)  descrip
g) temper
h) date of
i) tabular

of a s3
mean
frequer

lateral dimensions and total thickness,

flatness 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 theit-arrangement,

positions of the cuts of the test sample relative to characteristic lines of test objects with lateral st
structure, thickness and porosity of covers such as grids, and perforated metal sheet,

erial data such as:
bulk density and, if available, air flow resistivity: of porous materials,
component materials of the test object,

struction characteristics such as:

connection of layers to each other, (glued, or other),

partition walls normal to the-surface in the test object;

tion of the test specimen; its’number, size and mounting;

Ature and atmospheric-pressure;

the test;

and/or graphical presentation of the test results as a function of frequency; if more than one test
mple (0f the same material) was tested, the individual results or uncertainty shall be indicated
alue. shall be given; if different impedance tubes were applied to cover a wide frequency range, th
cy-ranges shall overlap by about one octave and test results shall be indicated separa

ructures,

specimen
, and the
b working

recomn

nended 1o present the 1inal, averaged and combined test results In tabular as well as graphical 1orn

i)  description of the instruments used including details about the impedance tube and the test procedure.

14
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Annex A
(normative)

Preliminary measurements

A.1  Prior to or following each test

Al1l |\/Iir‘mphnnp nmplinldp calibration

2:1998(E)

Prior to gnd following each test, the microphone amplitude shall be calibrated to an accuracy of #0,3
with respect to a stable sound source over the working frequency range. A single frequency test, for exd
phone, Will be deemed sufficient provided the microphone is known to have a linear frequency respon
working frequency range.

A.1.2 Temperature measurement
Prior to gnd following each test, a temperature-measuring device with a measurement accuracy of + 0,5

shall be dised to report the air temperature.

A.1.3 Air pressure measurement

Prior to and following each test, the air pressure shall be measured and reported.

A.1.4 $ignal-to-noise ratio
Prior to gach test, the sound pressure spectrum shall be measured at each microphone position with the 1
on and off. The noise source sound spectra-shall be at least 10 dB higher than the background noise at
frequencies. Frequencies within the reported 'sequence which do not comply with this requirement shall be
the test re¢port.

A2 eriodic calibration
A.2.1 Tube attenuation
A.2.1.1 Correctionsfor tube attenuation

The incident-sound wave p,(X) and the reflected sound wave pr(X) will generally be attenuated during prog

1B or better
mple piston
se over the

K or better

oise source
all reported
recorded in

agation due

to viscous an e ampli

udes of the

sound pressure minima with mcreasmg distance from the reflecting surface. Normally this will not influence the results
obtained using the methods given in this part of ISO 10534. However, when the distance from the surface of the test
specimen to the nearest microphone is larger than three tube diameters or three times the maximum transverse
dimension of a rectangular impedance tube, corrections shall be applied for this in the evaluation of the quantities

which are determined according to this part of ISO 10534.

The attenuation constant, ky” is determined in accordance with A.2.1.2, and can be included in the calculations of

the reflection coefficient.

15
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A.2.1.2 Determination of corrections for the tube attenuation
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The attenuation can be described analytically through a replacement of the real wave number ky by a complex wave

number:

ko =ko'

- jko”; ko, = 2T[/AO

where ky” is the attenuation, in nepers per unit length.

(A.1)

The tube attenuation is best determined experimentally, but at present a reliable procedure for its determination
requires knowledge of at least two pressure minima. If this is not possible, then see A.2.1.5. Under some

circumstand

A2.13 Tw

The amplity
including tu

[P

|POtma

The numbe

es an approximate experimental method may be employed, and for this see A.2.1.4.

D pressure minima method

des of the sound pressure minima [p(Xmin n)C @nd of the sound pressure maxima Op(Xyax,
De attenuation are given by:

E‘Zeko" Xmin,n _ | |1 e K" Xnin,n

SEIY

,n)| — | R)| E‘]eko Xmax,n ||1 e K" nax,n

ingn=1, 2, 3 ... starts with the left most minimum to the right of the plane of reference and wit

maximum t¢ the right of the minimum number 1.

O when

(A.2)

(A.3)

h the first

Defining thg standing wave ratio s, of the n-th minimum and thexnth maximum (n=1, 2, ...) by:
|p Xmax,n)| ko Xmax,n + |r| (&Ko Xmaxn (Ad)
S f = m T .
" ol mmnn = e o
the magnitude of the reflection factor becomes;
ko' Xmin,n ko' Xmax,n
s, [e T-e '
= ——— - (A.5)
SnEE_kO Xmin,n | e_kO Xmax,n
Since
Xmax,n T Xmin,n + Ao/4 (A.6)
where Aq is|the wavélength in metres, the magnitude of the reflection factor is in its final form:
N _ ko Agla
I = a2 %minn S~ € i (A7)
s, +e f %o’%
Putting
ko"Xmin,n = 4(Ko"A0/4)Xmin,n/A0) (A.8)

it is recognized that the quantity ky"Ag/4 is needed for the correction. This quantity is determined in the empty tube
with a rigid termination, Or0= 1. Then:

‘p( Xmin

)= 2] Rl Binh (" yin, )

|PCmax,n)] = 2| Po| [€0sh (K" Hnax,n)

16
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If the pressure amplitudes are measured in the minima numbered n and (n + 1) as well as in the maximum number n
between them, and if the quantity A, is defined as:

|p(xmin,n + 1)| _| K )?nin,n)|

An =
[E—-
then:
An = 2 sinh (kg"1/4)
and hence:
" N 2 0O
ko %0 _ aresinn An = jp An 4 |40 40
2 H 2 4 H
which is the required exponent, and for the exponential factor:
04 (a2 O
etk Ao/4=[Ny (204 1
2 4
The attefjuation constant ky” of the tube shall be determined accerding to these equations after each mg
the tube.
A.2.1.4 Approximate method
For smal| differences in level (less than 2 dB) between the first and the second minima, and if Xy 1/Ag
than 0,3 m, a correction for the attenuation can be dérived by another, approximate, method. This methd
corrected standing wave ratio s by a straight’extrapolation of the minima to the plane x = 0. In cor
method given in A.2.1.3, this correction by eXtrapolation shall be applied for each test object at each freq
The fictitjous amplitude Oppd of the first*minimum, if it were at the object surface x = 0 (see figure A
approxinfated by first defining the corrected standing wave ratio s by
% = |p(xmax,1)|
[Po|
and then|substitutingifer s, in this equation, taking sy from:
1|1 2Xpn1tO1 10
— 4 a0eminl o= -5
So |[& A 051 S0

(A.11)

(A.12)

(A.13)

(A.14)

dification of

s not larger
d derives a
trast to the
uency.

.1), can be

(A.15)

(A.16)

where s; and s, are the standing wave ratios of the first and the second minima, defined with the pressure maximum
Op(Xmax 1) between them. This corrected standing wave ratio s is to be applied in the following equation:

=

Sp -1
s +1

(A.17)

17
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A.2.15 Est

For survey
explored wi

Ky =

1
where d, in
perimeter o
of attenuati

If it is not

attenuation
extrapolate

A22 De

Since the a
microphonsg

X min,1
— -

Xmin,2
— -

Figure A.1 —Tube attenuation correction

mation method

easurements, and at the lower end of the working frequency rangg, if no two pressure minim
h sufficient precision, the attenuation constant can be estimated numerically by:

94 x 1072 ,[f /¢ d

metres, is the diameter of circular tubes or the*ratio of four times the cross-sectional arg
f rectangular tubes, and f is the frequency in hertz:* This estimation, however, does not conside
bn such as porous walls and objects in the tube.“Thus it can be considered as a lower limit.

ertain that such additional contributions ‘of attenuation do exist, it is recommended to dete

from equation (A.13) or (A.14) at mid,and upper frequencies of the working frequency rang
to the lower frequencies.

ermination of the acoustic-centre of a microphone

coustic centre of a side-mounted microphone (or the pick-up opening of a probe tube, or centre

the microphone(s) and subsequent errors in acoustic property assignment, the true acoustic centre s

known.

When using
frequency r
for each fre

probes{or which measurements at two successive pressure minima at frequencies over thg
pnge ‘are possible, the procedure outlined in A.2.3.1 shall be followed. Subsequently correctid
uency of the working frequency range shall be deduced and applied to the experimental data,

a can be

(A.18)

pa to the
[ sources

mine the
e and to

mounted

used as described in“annex B) may be different from its geometric centre causing erroneous lpcation of

hould be

e working
n factors
using, for

to a test

example, a
or following

Ipaqf-cnllmmc Inrnr‘prlnrp This calibration shall he undertaken within the 12-manth pprind prin
changes to the tube, probe system or microphone.

In the case of side wall and in-tube mounted microphones, at present no acoustic centre calibration procedures
have been validated. Such errors shall therefore be considered part of the uncertainties associated with the method
given in this part of ISO 10534. 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.

A.2.2.1 Determination of the acoustic centre of a probe microphone

Since the acoustic centre of the pick-up opening of the probe tube or of a microphone may be different from their
geometrical centres (especially with measurements of sound pressure minima), the acoustic centre of the probe

18
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microphone shall be determined. This is performed at frequencies all over the working frequency range with mutual

distances not larger than one-third octave and with the empty test sample holder (rigid termination).

Then the pressure minima are at distances

Xmin,n = (2n_1) mo 14

wheren=1,2,...

(A.19)

from the rigid back plate, which is assumed to be at x = 0 (see figure A.2). Lety be the reading for the position of the
geometrical centre of the probe and lety = 0 correspond to the rigid termination. If yi, 1 and yyn 2 are the readings for

the posit:t)ns of the probe microphone when positioned to the first and to the second minima, respectively, then the

correctio
by:

1
6= 5(3ymin,1_ Ymin,2)

Ymin2
e |

IP (Xm'\n‘Z)‘

This correction shallbe applied to all readings of y,i,  for the evaluation of equations of Xy,

Xminjn = ymin,n -9

Xmin,2
—C —

Figure A,2= Determination of the acoustic centre of a probe microphone

6, by which the acoustic centre of the probe is to the left (see figure A.2) of the geometrical-centre, is given

(A.20)

(A.21)

NOTE & will be negative for an acoustical centre to the right.

19
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Annex B
(normative)

Procedure for the one-microphone technique

General

There are two different ways of applying the one-microphone technigue:

1 Fixe

2 Variable microphone locations

The accura
to ensure
A determini

B.2

This methodl uses the same set-up as that described for the two-microphone technique (see figure 3). How

transfer fun
in a sequen

H12:|'

where X is thhe generator signal.

The micropMone location not used shall be sealed properly, preferably by employing a dummy microphone pldg.

B.3

This methodl uses a movable probe microphone, and the sound field at the two locations is sampled in a 9

manner. It i
the tube attg
wave numb

Although th
stable funct
location clo
distance frg
choice of m

Fixed microphone locations

Variable microphone locations

©1SO

] microphone locations

Cy of the one-microphone technique depends upon the way it is implemented. It is~absolutely n
that the sound field at the two locations is sampled sequentially with~& stable soung
stic signal for the sound source is recommended.

ial manner:

ix2/Hx1

b essential that the acaustic centre of the probe tube microphone be determined according to A.2
bnuation be includeddnsthe computation (see annex A) by replacing the real wave number kg by g

br, ko” — jko”.
e broad-band\periodic pseudo-random sequence can also be used in this method, a pure-tor]
e to thesfirst or second minimum (not necessarily exact), while still respecting the required

Im the\test specimen requirement, and the other location shall be a quarter of a wavelength a
crophone location is required for each excitation frequency.

ecessary
source.

ever, the

ctions between the pressures at the two positions is calculated from two transfer functions measured

equential
.3.1, and
complex

e from a

on generator may be preferred. To achieve high accuracy, it is necessary to choose one microphone

minimum
part. This

20
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Annex C
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Pressure-release termination of test sample

Sometimes a pressure-release termination of a test object is wanted. This pressure-release termination can be
realised by an air gap between the rear surface of the test sample and the rigid termination of the test specimen
holder, the depth of which shall be exactly A /4 for the test frequency. (NB: The sound velocity in the tube must be
taken inl:t) account.) Therefore, the depth of the air gap shall be carefully adapted for each frequenty. For this
reason nmovable rigid plugs are sometimes used as rigid terminations of the test specimen holder.(Fhese movable
plugs, hqwever, quite often show small leaks at their edges so they are no longer acoustically rigid, and the error
introducqd by this cannot be taken into account quantitatively.

The reagon for the use of pressure-release terminations is often the task of determination of the complex
charactefistic impedance Z, and of the complex characteristic propagation constant [;yof homogeneolis absorber
materialq such as mineral fibre or foam.

If the layer of this material which is used in the tests has a thickness b, and if ,the-surface impedance of|this layer is
Z, (rigid) Jf the termination is rigid, and if the surface impedance of the layer is\Zg (soft) if the termination|is pressure
release, then the characteristic impedance and propagation constant of the-absorber material are given lyy:

1 /
Zaq\Zi s Ta= 3 Carctanh |2 (C.1)

Zy

The probjlem of a zero-load impedance can be avoided by, using another method. The depth t of the air gap shall
not be exactly A /4, but should be close to this value (see-figure. A.2). Then the load impedance of the [rear side of
the absofber layer is:

Z1=|~ jZyeot kgt (C.2)
and the dharacteristic data of the absorber material are obtained from:

1
zaq[z: s+ 210z~ 2)]% - (Ca = ¢ tarctann 22 (€3)

Zr
where

Z, |s the surfaceimpedance for rigid termination;

Zs |s the surface impedance with the air gap, as before.

which is pétexactly zero. It may become rather large.

The secgnd.term under the root indicates the error which is introduced into the first method by a load inrpedance Z,

In practical applications of the second method, a given depth t of the air gap shall be applied for all those
frequencies for which it is approximately an odd multiple of Ay and for frequencies which are (about) one-third
octave distant on both sides. Hence the whole frequency range can be covered with only a few settings of the
depth t. This depth, the sound speed and the frequency should be determined as precisely as possible.

The thickness b of the absorber layer in such measurements of the characteristic constants of the absorber material

shall not be too small (three or four tube diameters), otherwise the test sample may be excited to vibrations as a
whole, and reading errors of b may become relatively large.
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Annex D
(informative)

Theoretical background

©1SO

The measuring method is based on the fact that the sound reflection factor at normal incidence r can be determined
from the measured transfer function H;» between two microphone positions in front of the tested material, see

figure 2.
The sound pressures of the incident wave p; and the reflected wave pg are, respectively:
p= f)|93jk0x
and
Pr= P &Ko
where
p, and|pr are the magnitudes of p, and py, at the reference plane (x = Q);
and kg = kgl— jko” is a complex wave number.
The sound pressures p; and p, in the two microphone positions are
py = pefo+ pg etkoa
and
P, = [pelkoxz + p, elkoxe
The transfel function for the incident waye\alone H; is:
Hi = Pol_ ko0 xo)= ¢ ks
Fu
where s=x{ — X and is thé.separation between the two microphones.
Similarly, the transferfunction for the reflected wave alone Hgy is:
He = J2B = oikoba-xo)= gkos

PR

(D.1)

(D.2)

(D.3)

(D.4)

(D.5)

(D.6)

The transfer function H,, for the total sound field may now be obtained by using equations (D.3) and (D.4) and noting
that pg = rp, as:

Hi2=—

22

p, _ ekoxz + reikoxo

p,  ekoxa+ rekox

(D.7)
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