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W hy do w e cha ra cterize a cous tic ma teria ls?

• Noise control in buildings

• Automotive a coustics

• Industria l noise control

• Environmenta l a coustics

• Occupa tiona l sa fe ty

• Ma teria l development
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Sound a bsorption vs  Sound insula tion

• Sound a bsorption coefficient α is the fra ction
of incident a coustic energy tha t is a bsorbed
by a ma teria l w hen sound w a ves hit it a t
norma l incidence ins ide a n impeda nce tube.

21 Rα = −

0α = →

1α = →
tota l reflection (no a bsorption)

tota l a bsorption (no reflection)

• Sound tra nsmiss ion loss (TL) is a mea sure
(in decibels ) of how much sound energy is
blocked (not tra nsmitted) through a
ma teria l.

110logTL  =  τ 

R − complex reflection coefficient a t the
sa mple surfa ce

τ − tra nsmiss ion coefficient
(ra tio of tra nsmitted to
incident sound pow er)

High TL good sound insula tion

Low TL poor sound insula tion

→

→
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Physica l mea ning

• Sound intera ction w ith a surfa ce:
- reflection;
- a bsorption;
- tra nsmiss ion.

• Acoustic qua ntities for cha ra cterizing
a coustic ma teria ls :

- surfa ce impeda nce;
- surfa ce a dmitta nce;
- sound reflection coefficient;
- sound a bsorption coefficient;
- sound tra nsmiss ion loss .

Presenter Notes
Presentation Notes
Sound striking a surface of acoustical materials is transmitted, absorbed, or reflected. 
The effect that an acoustical material surface has on an acoustic wave can be characterized by five interrelated acoustic quantities: the surface impedance, the surface admittance, the sound reflection coefficient, the sound absorption coefficient and the sound transmission loss. 
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• There a re tw o sta ndra ds for the mea surement of a cous tica l properties of
ma teria ls : ASTM E1050 a nd ISO 10534-2. Both describe w ha t ha s come
to be know n a s “tw o-microphone” or “tra nsfer-function” method of
mea suring a bsorption a nd impeda nce of a cous tica l ma teria ls .

• Impeda nce tube method ena bles controlled la bora tory mea surements .

• La bora tory mea surements of sound a bsorption coefficients w ere
conducted us ing a n impeda nce tube, follow ing the tes t method outlined
in ISO 10534 – Determina tion of a cous tic properties in impeda nce
tubes – Pa rt 2: Tra nsfer-function method using la rge impeda nce tube.

Introduction
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Test method – ISO 10534-2:2023

• The Tw o-Microphone Method – a sa mple of the ma teria l to be tes ted is pla ced in a
sa mple holder a nd mounted to one end of a s tra ight tube. A rigid plunger w ith a n
a djus ta ble depth is pla ced behind the sa mple to provide a reflecting surfa ce. A sound
source, typica lly a high-output a cous tic driver, is connected a t the oppos ite end of the
tube. A pa ir of microphones is mounted flush w ith the inner w a ll of the tube nea r the
sa mple end of the tube.
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Test method – ISO 10534-2:2023

• The tes t sa mple is mounted a t one end of the s tra ight, rigid, smooth a nd a irtight
impeda nce tube. Pla ne w a ves a re genera ted in the tube by a ra ndom sound source
a nd the sound pressures a re mea sured a t tw o loca tions nea r the sa mple.

• The tw o-microphone method of mea suring the sound a bsorption coefficient involves
the decomposition of a broa dba nd sta tiona ry ra ndom signa l into its incident (p i) a nd
reflected (p r) components . The s igna l is genera ted by a sound source, a nd the incident
a nd reflected components a re determined from the rela tionship betw een the a coustic
pressure mea sured by microphones a t tw o loca tions on the w a ll of the tube.
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Test method – ISO 10534-2:2023
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Test method – ISO 10354-2:2023

• From the incident a nd reflected components of the sound pressure a t the tw o microphone
positions , three frequency response functions a re ca lcula ted: H1 – the frequency response
function, Hi – the frequency response function a ssocia ted w ith the incident component a nd
Hr – the frequency response function a ssocia ted w ith the reflected component.

• Using this va lue for the reflection coefficient R, the norma lized impeda nce ra tio 𝑧𝑧
ρ𝑐𝑐

a nd the

sound a bsorption coefficient α ca n be ca lcula ted:

k is the w a ve number, l is the dista nce betw een the firs t
microphone loca tion a nd the front s ide of the sa mple (in mm),
a nd s represents spa cing betw een the microphones (in mm).

( )21

1

jk l si

r

H HR e
H H

+ −
=  − 

1
1

z R
c Rρ

+
=

−
21 R= −α
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Test method – ISO 10354-2:2023

• During the ca libra tion procedure , the
ca libra tion frequency response
functions for the microphones in the
s ta nda rd positions (HC1) a nd the
intercha nged positions (HC2) a re
ca lcula ted. From these va lues , the
ca libra tion fa ctor (HC) is ca lcula ted a s :

• For the frequency response function
mea sured w ith the microphones in the
s ta nda rd postions :

1 2C C CH H H= ⋅

( )C C1 C2
1
2

φ φ φ= +

C
C

j
CH H e φ=

jH H e φ=

1
C

H
H

H
=

Chφ φ φ= −

1
hj

C

HH e
H

φ=
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Signa l to Noise  Ra tio

• Accura te mea surements of ma teria l a bsorption require tha t the sound field be
subs ta ntia lly la rger tha n the ba ckground noise ins ide the tube. The minimum
signa l- to-noise ra tio w ill occur a t the minima of the s ta nding w a ves ; these
minima ca n be a s much a s 25 dB below the ma ximum levels in the tube.

• The sta nda rd recommend tha t the level of sound in the tube be a t lea s t 10 dB
grea ter tha n the ba ckground noise level, but 20-30 dB is preferred.
Ta ken together, these conditions require a ba ckground noise level in the tube
in the 10-20 dB ra nge. To a chieve this low ba ckground level, the tube must be
constructed of hea vy ma teria ls a nd must be sea led properly a t a ll openings
(microphone ports , sa mple holder, sound source, etc.)
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Construction of the  Tube

• The tube should be ma ss ive a nd sufficiently rigid to a void

 Tra nsmiss ion of noise into tube from outs ide a nd

 Vibra tion excita tion by the sound source or from ba ckground sources

• The tube must be sufficiently long to present a s ta ble pla ne-w a ve sound field to the
sa mple under tes t. All sound sources produce spherica l w a ves tha t deca y into pla ne
w a ves over dis ta nce ins ide a tube. How ever, this dis ta nce ca n be quite long for
la rge-dia meter tubes . The s ta nda rd recommend a tube length of a t lea s t three
dia meters ; a length of a t lea s t 10-15 dia meters is preferred.
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Microphone a nd Mounting

• The microphones must be mounted flush w ith the ins ide w a ll of the tube a nd
isola ted from the tube (to minimize sens itivity to vibra tion). Microphones
isola ted w ithin a specia lly des igned microphone holder tha t is a lso isola ted
from the tube provide the bes t results .

• The pa rticula r microphones used a re not importa nt a s long a s they a re
la bora tory gra de a nd a re the sa me type a nd size (typica lly ½ a nd ¼ inch
microphones a re used).
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Sound Source

• The sound source shoud provide sound energy over a frequency a nd intens ity
ra nge sufficient for tes ting.

• The frequency response of the source shouldn’t be fla t.

• It is usua lly importa nt for the sound source to ha ve a high-pow er ra ting,
so tha t high intens ity sound ma y be genera ted ins ide the tube for certa in types
of tes ting.
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Mounting the  Sa mple

• According to s ta nda rd the sa mple must fit snugly into the specimen holder,
not so tightly tha t it bulges in the center, nor so loosely tha t there is spa ce
betw een its edge a nd the holder.

• Plia ble ma teria ls such a s foa ms a nd gla ss fiber a re ea sy to cut s lightly
unders ize a nd sea led a round the edges us ing va seline or w ra pped w ith
a couple of la yers of ta pe to elimina te ga p betw een the sa mple a nd the tube.

• The goa l is to a chieve a very s light interference fit betw een the sa mple a nd the
holder.

• The sa mple must a lso be in conta ct w ith the rigid plunger. An a ir ga p w ill
a ffect the results .



Measurement 
setups02

19



20

Mea surement se tup – La rge Tube

• The tes t sa mples w ere snugly fitted
in the la rge sa mple holder UA-1119.
The sa mple holders cons is t of a n
a luminium tube, open a t one end,
through w hich a pis ton a rra ngement
ca n be moved ba ck a nd forth.
The la rge tube ha s a groove onto
w hich the securing clips of the
a djus ta ble foot a re a tta ched. The
front surfa ce of the tes t specimens
w a s mounted norma l to the tube
a xis . Mea surement setup used for
tes ting in the frequency ra nge from
50 Hz to 1600 Hz.
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Mea surement se tup – Sma ll Tube

• The tes t sa mples w ere snugly fitted
in the sma ll sa mple holder UA-1120.
The sa mple holders cons is t of a n
a luminium tube, open a t one end,
through w hich a pis ton a rra ngement
ca n be moved ba ck a nd forth.
The sma ll tube ha s a groove onto
w hich the securing clips of the
a djus ta ble foot a re a tta ched. The
front surfa ce of the tes t specimens
w a s mounted norma l to the tube
a xis . Mea surement setup used for
tes ting in the frequency ra nge from
500 Hz to 6400 Hz.
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Mea surement a nd impeda nce tube pa ra meters

The follow ing ta bles provide deta iled informa tion on the pa ra meters used during the
impeda nce tube mea surements . Ea ch set of pa ra meters w a s ca refully selected to ensure
a ccura te a nd relia ble mea surement results .

Presenter Notes
Presentation Notes
The following tables provide detailed information on the parameters used during the impedance tube measurements. These include the specification of the acoustic tube, the settings for the Fast Fourier Transform (FFT) analysis, the configuration of the signal generator and the pre-measurement settings. Each set of parameters was carefully selected to ensure accurate and reliable measurement results.
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Sta nda rd La rge Tube Setup
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Sta nda rd Sma ll Tube Setup
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Tested Sa mples
Identifica tion Description Bulk density 

(mea sured) [kg/m3]

Sa mple 1 Cellula r ma teria l ba sed on NBR (nitrile  buta diene rubber) rubber (sa mple w ith grinded 
front surfa ce) 274.5

Sa mple 2 Open-cell ma teria l obta ined by hot-press ing from TPE (Thermopla s tic Ela s tomer) 
gra nules  (high bulk density) 486.9

Sa mple 3 Open-cell ma teria l obta ined by hot-press ing from TPE gra nules  (low  bulk density) 315.4

Sa mple 4 Closed-cell ma teria l ba sed on TPE 91.3

Sa mple 5 Cellula r ma teria l ba sed on NBR rubber (sa mple w ith non-grinded front surfa ce) 292.4

Sa mple 6 Cellula r ma teria l ba sed on NBR rubber (sa mple w ith non-grinded front surfa ce) 286.6

Sa mple 7 Closed-cell ma teria l ba sed on high density polyuretha ne foa m 372.4

Sa mple 8 Non-w oven ma teria l ba sed on fla x a nd polypropylene fibers 129.2

Sa mple 9 Open-cell ma teria l obta ined by hot-press ing foa m polyuretha ne foa m gra nules 205.3

Ca libra tion 
sa mple Open-cell ma teria l ba sed on s ta nda rd density polyuretha ne foa m 25.9

Presenter Notes
Presentation Notes
Here, on this slide, we can see a tabular representation of all tested samples and their density.
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Tested Sa mples

Presenter Notes
Presentation Notes
On this slide, we can see what all the tested samples look like.
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Test results
The tes t results – the sound a bsorption coefficient for norma l sound incidence per one-third octa ve from 50 Hz to 6300 Hz.

f (HZ) Sample 1 Sample 2 Sample 3 Sample 4 Sample 6 Sample 7 Sample 8 Sample 9
50 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.03
63 0.03 0.03 0.04 0.04 0.05 0.03 0.04 0.03
80 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04

100 0.05 0.04 0.04 0.04 0.06 0.05 0.05 0.05
125 0.02 0.01 0.01 0.01 0.04 0.01 0.02 0.01
160 0.04 0.04 0.03 0.03 0.06 0.03 0.03 0.03
200 0.04 0.05 0.04 0.03 0.07 0.04 0.03 0.04
250 0.05 0.08 0.06 0.04 0.08 0.05 0.04 0.04
315 0.06 0.09 0.08 0.04 0.09 0.05 0.05 0.05
400 0.07 0.12 0.10 0.04 0.09 0.06 0.07 0.06
500 0.08 0.17 0.14 0.05 0.10 0.07 0.08 0.09
630 0.09 0.20 0.21 0.05 0.12 0.07 0.11 0.12
800 0.10 0.24 0.29 0.06 0.16 0.09 0.14 0.17
1000 0.12 0.29 0.37 0.07 0.22 0.13 0.18 0.25
1250 0.14 0.36 0.45 0.08 0.25 0.15 0.21 0.34
1600 0.15 0.48 0.56 0.07 0.24 0.24 0.23 0.46
2000 0.16 0.50 0.61 0.08 0.22 0.22 0.30 0.60
2500 0.18 0.47 0.56 0.11 0.20 0.17 0.40 0.75
3150 0.19 0.45 0.49 0.15 0.18 0.15 0.53 0.84
4000 0.21 0.47 0.45 0.13 0.17 0.14 0.69 0.87
5000 0.23 0.51 0.46 0.11 0.20 0.14 0.84 0.85
6300 0.25 0.55 0.47 0.10 0.21 0.13 0.92 0.80

Presenter Notes
Presentation Notes
The sound absorption coefficient is frequency-dependent parameter, and this slide presents tabular representation of the results obtained for the absorption coefficient for normal sound incidence, distributed in thirds within the range of 50 Hz to 6300 Hz.
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Test results
Sound a bsorption coefficient for norma l sound incidence per one-third octa ve from 50 Hz to 6300 Hz for a ll tes ted sa mples .

Presenter Notes
Presentation Notes
And here, the obtained results for all tested samples are shown on a graph. The presented results demonstrate that samples 2, 3, and 8 exhibit the most favorable absorption characteristics but relatively weak insulation performance, whereas samples 1, 4, and 6 display the strongest insulation characteristics but poor absorption. Samples 2 and 3 combine good absorption properties with reasonably solid insulation performance, making them suitable for both sound insulation and sound absorption applications.
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Introduction

• La bora tory mea surements of sound tra nsmission loss coefficients w ere
conducted us ing a n impeda nce tube, follow ing the tes t method outlined
in ASTM E2611-2019: Sta nda rd Test Method for Norma l Incidence
Determina tion of Porous Ma teria l Acoustica l Properties Ba sed on the
Tra nsfer Ma trix Method.
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Measured properties of materials – assuming anechoic termination

aT −

aR −

aTΠ −

aRΠ −

naα −

ndα −

aZ −

nTL −

pK −

pZ −

C −

Norma l incidence pressure tra nsmiss ion coefficient

Norma l incidence pressure reflection coefficient

Norma l incidence, pow er tra nsmiss ion coefficient

Norma l incidence, pow er reflection coefficient

Norma l incidence a bsorption coefficient

Norma l incidence diss ipa tion coefficient

Surfa ce norma l incidence impeda nce

Norma l incidence tra nsmiss ion loss

Complex w a ve number of the ma teria l

Complex cha ra cteris tic impeda nce of the ma teria l

Norma lized complex sound speed of the ma teria l

phC −

P −

Norma lized pha se speed of the ma teria l

Norma lized complex dens ity of the ma teria l
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Measured properties of materials – assuming hard backing

hR −

nhα −

Norma l incidence pressure reflection coefficient

Norma l incidence a bsorption coefficient
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Theoretica l ba ckground – ASTM E2611-2019
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Theoretica l ba ckground – ASTM E2611-2019
• The method involves the determina tion of the tra nsfer ma trix, w hich rela tes the exterior,

complex pressures , P, a nd the exterior, complex norma l a coustic pa rticle velocities , V, on the
tw o fa ces of the a coustic element.

11 12

21 220x x d

T TP P
T TV V= =

    
=     

    

• Tra nsfer ma trix components , w hich a re independent of the tube termina tion conditions ,
ma y be directly re la ted to the sa mple norma l incidence, sound tra nsmiss ion loss a nd other
a coustica l properties of the sa mple .

• In the frequency ra nge w here only pla ne w a ves ca n propa ga te in the tube, the sound fie ld
genera ted by the loudspea ker in ea ch of the tw o tube sections ca n be modeled a s the sum
of tw o pla ne w a ves propa ga ting in opposite directions .
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Theoretica l ba ckground – ASTM E2611-2019

A – propa ga ted pla ne w a ve upstrea m of sa mple

B – retro-propa ga ted pla ne w a ve upstrea m of sa mple

C – propa ga ted pla ne w a ve dow nstrea m of sa mple

D – retro-propa ga ted pla ne w a ve dow nstrea m of sa mple

The complex pressures , P, a nd the complex norma l a coustic pa rticle velocities , V, on the tw o
fa ces of the sa mple ca n then be obta ined by the decomposition of the sound fie ld into
propa ga ted a nd retro-propa ga ted pla ne w a ve components for both sections .
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• Procedure

– the components A, B, C a nd D a re ca lcula ted ba sed on:

– sound pressure a nd pa rticle velocity on both fa ces of the sa mple a re determined a s :

– w here ρc is the cha ra cteris tic impeda nce
of the a ir

Presenter Notes
Presentation Notes
The components A, B, C and D are calculated using the equations displayed on the slide.
These equations determine the sound pressure and particle velocity on both sides of the test material sample, providing essential data for analyzing its acoustic properties.
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• Procedure

– Pla ne w a ve components A to D ca n be obta ined from frequency response
functions betw een the complex sound pressures a t the microphones (w ith one of
them used a s a reference).

– The pha ses of the pla ne w a ve components a re defined rela tive to the reference
s igna l.

– A simulta neous mea surement requires four cha nnels , but it could be possible
to use a minimum of tw o cha nnels to a cquire the necessa ry frequency response
functions by moving one microphone in sequence a nd using the second signa l
a s a reference.
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In previous vers ion of this a pplica tion, a different ma trix representa tion,
rela ting directly the propa ga ted a nd retro-propa ga ted pla ne w a ve components
on both s ides of the sa mple, ha s been used:

11 12

21 22

t tA C
t tB D
    

=     
    

In tha t ca se, the norma l incidence, sound tra nsmiss ion loss is :

( )
2

10 10 11
0

10 log 20logn
x

ATL t
C =

= =
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In this vers ion, a tra nsfer ma trix formula tion a s follow s:

11 12

21 220x x d

T TP P
T TV V

= =

    
=     

    

ha s been preferred, beca use it is better suited for extra ction of ma teria l properties ,
such a s complex w a ve number a nd complex cha ra cteris tic impeda nce for limp or rig id ma teria ls .

12 12
11 0 21 22 11 0 21 22

0 011 12

21 22 12 12
11 0 21 22 11 0 21 22

0 0

1 1
2 2

1 1
2 2

jkd jkd

jkd jkd

T TT cT T e T cT T e
c ct t

t t T TT cT T e T cT T e
c c

−

−

    
+ +ρ + − +ρ −    ρ ρ      =         + −ρ − − −ρ +    ρ ρ    

Note the follow ing equiva lence:
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The norma l incidence, sound tra nsmission loss expressed in terms of
tra nsfer ma trix elements is therefore:

2

12
10 11 0 21 22

0

110log
4n

TTL T cT T
c

 
 = + +ρ +
 ρ 
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Tra nsfer function ma trix method w ith four microphones

– ASTM E2611-2019
– mea sures : norma l incident sound
tra nsmiss ion loss , norma l incidence sound
a bsorption coefficient a nd sound reflection
coefficient, the surfa ce impeda nce a nd
a dmitta nce
– s imila r to s ta nding w a ve method w ith
tw o microphones
– ma teria l sa mple is mounted in the middle
pa rt of the tube
– uses four microphones (tw o on ea ch s ide
of ma teria l sa mple)

Presenter Notes
Presentation Notes
The standardized transfer function matrix method is primarily intended for determining normal incident sound transmission loss, but it can also be used to determine other acoustic properties of materials, such as the normal incidence sound absorption coefficient.
This method is similar to standing wave method with two microphones, but with a key distinction: the material sample is mounted in the middle part of the tube and the transfer function matrix method employs four microphones, two on each side of the material sample.
The transfer function matrix method with four microphones is more suitable for materials with low flow resistivity. 
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Tw o-loa d implementa tion

In order to be a ble to solve equa tion for the tra nsfer ma trix elements , tw o a dditiona l,
independent equa tions a re required.

By performing tw o mea surements w ith different termina tion conditions , w e ca n obta in four
independent equa tions for determina tion of the four tra nsfer ma trix elements :

( ) ( ) ( ) ( )
11 12

( ) ( ) ( ) ( )
21 220

a b a b

a b a b
x x d

T TP P P P
T TV V V V

= =

    
=    
    

w here superscripts a nd denote the tw o different termina tion conditions .( )a ( )b
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One-loa d implementa tion

In ca ses w here the sa mple is symmetric in the sense tha t the pla ne w a ve

reflection a nd tra nsmission coefficients from the tw o surfa ces of the sa mple

a re the sa me, it is possible to ta ke a dva nta ge of the reciproca l na ture of the la yer

to genera te tw o a dditiona l equa tions ins tea d of ma king a second set of

mea surements .

11 22

11 22 12 21 1
T T
T T T T

=
− =
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W orking Frequency Ra nge

Low er w orking frequency is limited by:

 The frequency resolution of the a na lys is sys tem

 The frequency response of the loudspea ker

 The spa cing betw een the microphones

( )lf

00.01 0.01l l

cs f
s

∗λ < ⇒ > ∗ (ASTM E 2611)

In theory, the low er w orking frequency could get close to
zero, but in pra ctice it is , how ever, determined by the qua lity
of the a na lys is sys tem a nd the physica l length of the tube!

lf − low er w orking frequency [Hz]

s− spa cing betw een microphones [m]

0c − speed of sound [m/s]

0 343.2
293
Tc =
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W orking Frequency Ra nge

Upper w orking frequency is limited by:

 The cross section of the tube

 The spa cing betw een the microphones

( )uf

Circula r tube (ASTM E 2611)

The upper w orking frequency is chosen to a void the
occurrence of non-pla ne w a ve mode propa ga tion
a nd to a ssure a ccura te pha se detection!

uf − upper w orking frequency [Hz]

s− spa cing betw een microphones [m]

0c − speed of sound [m/s]

0 343.2
293
Tc =

00.586 0.586u u

cd f
d

< ∗λ ⇒ < ∗

00.5 0.5u u

cd f
d

< ∗λ ⇒ < ∗ Rectengula r tube (ASTM E 2611)

00.4 0.4u u

cs f
s

≤ ∗λ ⇒ ≤ ∗ (ASTM E 1050)

d − ins ide dia meter of circula r tube
[m] or ma x. s ide length of
recta ngula r tube [m]
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The Impeda nce Tube

The tube must be long enough to ca use
pla ne w a ve development:

(minimum)msx d>

3 (recommended)msx d>

msx − the dis ta nce betw een source a nd closes t microphone [m]

The spa cing betw een sa mple a nd closes t microphone must be long enough to a void
proximity dis tortions to the a coustic fie ld:

 Non-s tructured la yer:

 Semi-la tera l s tructured la yer:

 Strongly a symmetrica l la yer:

( )l

2
dl >

l d>

2l d>
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The Microphones

• They must be pla ced in the pla ne w a ve fie ld

• Their membra ne dia meter should be sma ll in re la tion to their spa cing to reduce the
influence of their a coustic centers :

• Their membra ne dia meter should be sma ll to minimize high frequency spa tia l
a vera ging a cross the dia phra gm fa ce:

0.2micd s< ∗

mic ud λ

micd − the dia meter of the microphone
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Test procedure

It cons is ts of:

• Prelimina ry Test a nd Ca libra tion

• Test Specimen Mounting

• Determina tion of Settings

• Correction for bia s-error

• Performing the mea surements

• Post-process ing

• Export of results a nd reporting
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Prelimina ry Test a nd Ca libra tion

Prior to or follow ing ea ch tes t

• Microphone a mplitude ca libra tion

• Tempera ture a nd a ir pressure mea surement

• Signa l-to-noise ra tio a t ea ch microphone position

( )0.3 dB≤ ±

( )0.5 K± ( )10 dB>

Periodic ca libra tion

• Correction for tube a ttenua tion

• Correction for unequa l a coustic a nd geometric center of the microphones
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Test Specimen Mounting

• The tes t specimen should fit snugly in the sa mple holder

• The front surfa ce of fla t tes t sa mples should be mounted norma l to the tube a xis

• A minimum of tw o specimens should be tes ted in repea ted mea surements us ing the
sa me mounting conditions – more if sa mple is not uniform

• The tes t sa mples cuts should be a long lines of symmetry of the s tructure

• For la rge multiple s tructured objects , severa l tes t sa mples w ith va rying positons of
the cuts re la tive to the s tructure should be used
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Determina tion of Settings

• Sound velocity, w a velength a nd cha ra cteris tic impeda nce

[ ]

0

0
0

0 0 0
0 3

0

343.2
293

a

T mc
s

c m
f
c p T kgc

p T m

 =   

λ =

ρ  ρ =   

Tempera ture [K]T −

ap − Atmospheric pressure [kPa ]

0 0 0 3
293 ; 101.325 ; 1.186 kgT K p kPa

m
= = ρ =

• Pre-qua lifica tion of dyna mic ra nge

,max ,min 60p pL L dB− <
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Types of Errors
• Ra ndom Errors

• Prepa ra tion a nd ins ta lla tion of tes t specimen (la rges t error)

• Bia s Errors

 Mea surement dis ta nce from specimen

 Different a coustic a nd geometric centers of microphones

 Uncorrected pha se a nd a mplitude misma tch

 Da ta a cquis ition a nd computa tiona l errors

• Time Alia s ing

• Tube Attenua tion

• Tube interna l reflection

• Sa mple holder geometry
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Lea ka ge

Lea ka ge occurs if tube is not 100% a irtight

• Low frequency lea ka ge ca n occur a t:

– the mounting of the sa mple holder to the tube

• High frequency lea ka ge ca n occur a t:

– the microphone mountings a nd the microphones themselves

• Lea ka ge ca n be elimina ted by:

– a proper mecha nica l cons truction of the tube a nd microphones

– the use of O rings
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Mea surement se tup – La rge Tube

• The tes t sa mples w ere snugly fitted
in the la rge sa mple holder UA-1119.
The sa mple holders cons is t of a n
a luminium tube, open a t one end,
through w hich a pis ton a rra ngement
ca n be moved ba ck a nd forth.
The la rge tube ha s a groove onto
w hich the securing clips of the
a djus ta ble foot a re a tta ched. The
front surfa ce of the tes t specimens
w a s mounted norma l to the tube
a xis . Mea surement setup used for
tes ting in the frequency ra nge from
50 Hz to 1600 Hz.
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Mea surement se tup – La rge a nd Sma ll Tube

• The tes t sa mples w ere snugly fitted
in the sma ll sa mple holder UA-1120.
The sa mple holders cons is t of a n
a luminium tube, open a t one end,
through w hich a pis ton a rra ngement
ca n be moved ba ck a nd forth.
The sma ll tube ha s a groove onto
w hich the securing clips of the
a djus ta ble foot a re a tta ched. The
front surfa ce of the tes t specimens
w a s mounted norma l to the tube
a xis . Mea surement setup used for
tes ting in the frequency ra nge from
500 Hz to 6400 Hz.
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Accessories

Accessories supplied w ith Type 4206 T
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Sta nda rd Tra nsmiss ion Loss  Configura tions
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Sta nda rd Tra nsmiss ion Loss  – La rge Tube Setup
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Sta nda rd Tra nsmiss ion Loss  – Sma ll Tube Setup
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Specifica tions  of Impeda nce Tube 4206 T

Tubes Dia meter 
[mm]

Length
[mm]

Sma ll Mea s . Tube 29 550

La rge Mea s . Tube 100 800

Sma ll Sa mple  Holder 29 100

La rge Sa mple Holder 100 150

Frequency Ra nge

La rge Tube: 50 Hz to 1.6 kHz

Sma ll Tube: 500 Hz to 6.4 kHz
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Recommended System Configura tion
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Tested Sa mples

Identifica tion Description Bulk density 
(mea sured) [kg/m3]

Sa mple 1 Cellula r ma teria l ba sed on NBR (nitrile  buta diene rubber) rubber (sa mple w ith grinded 
front surfa ce) 274.5

Sa mple 2 Open-cell ma teria l obta ined by hot-press ing from TPE (Thermopla s tic Ela s tomer) 
gra nules  (high bulk density) 486.9

Sa mple 3 Open-cell ma teria l obta ined by hot-press ing from TPE gra nules  (low  bulk density) 315.4

Sa mple 4 Closed-cell ma teria l ba sed on TPE 91.3

Sa mple 6 Cellula r ma teria l ba sed on NBR rubber (sa mple w ith non-grinded front surfa ce) 286.6

Sa mple 8 Non-w oven ma teria l ba sed on fla x a nd polypropylene fibers 129.2

Ca libra tion 
sa mple Open-cell ma teria l ba sed on s ta nda rd density polyuretha ne foa m 25.9

Presenter Notes
Presentation Notes
Here, on this slide, we can see a tabular representation of all tested samples and their density.
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Tested Sa mples

Presenter Notes
Presentation Notes
On this slide, we can see what all the tested samples look like.
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Test results

The tes t results , representing the
norma l incidence tra nsmiss ion
loss per one-third octa ve,
covering the frequency ra nge
from 50 Hz to 6300 Hz, a re
show n on the gra ph below .

Presenter Notes
Presentation Notes
The presented results demonstrate that samples 2, 3, and 8 exhibit the most favorable absorption characteristics but relatively weak insulation performance, whereas samples 1, 4, and 6 display the strongest insulation characteristics but poor absorption. Samples 2 and 3 combine good absorption properties with reasonably solid insulation performance, making them suitable for both sound insulation and sound absorption applications.




CREDITS: This presentation template was created by Slidesgo , and 
includes icons by Flaticon , and infographics & images by Freepik

Thank you for 
your attention !

https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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