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INTRODUCTION 

This report contains the methodogies for material selection used in products to improve acoustic 

properites (Sound Absorption Coefficient, Sound Transmission Loss Value), and contains general 

information about the acoustic performance tests. 

MALZEME SEÇİMİ 

The choice of materials with the desired acoustic performance is generally made without objective 

data. Samples with more intensity and thickness are considered to absorb sound better. Yet when 

other factors are ignored, desired sound absorbing performance values are unattainable, because 

when only thickness and density are increased, higher surface impedance values may affect the 

performance. 

All items in Table 1 are effective for determining the acoustic performance of a material. 

  
Property Symbol Definition 
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Porosity  φ,Ф 
Ratio of volume occupied by the fluid to the total volume. 

Flow Resistivity σ 

Ratio of the pressure difference across the layer to exterior steady state air 

velocity perpendicular to the two faces of the layer per unit material 

thickness. 

Pore Tortuosity α∞ 

Measure of the deviation or the pore axis from the direction of wave 

propagation. 

Viscous Characteristic 
Length 

Λ 

Factor for energy dissipation due to the shape of the pores. 

 

Thermal Characteristic 
Length 

Λ' 
Factor for energy dissipation due to the shape of the pores 
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Density ρ 
Density of the solid phase 

Young's Modulus E 
Young’s modulus of the solid phase 

Poisson's ratio e Poisson’s ratio of the solid phase 

Loss factor η Structural loss factor of the solid phase 

Table.1 The factors determining the acoustic performance of a material 

One of the most important properties in determining the acoustic performance of the material 

characteristics is porosity. 

Material properties are divided into two parts as fluid phase and solid phase. While the fluid phase 

region is identified as air, the behavior of the fluid against the material during penetration into the 

material, structural properties of the material is defined as solid phase. 
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In determining ‘Sound Absorption’ performance the "Fluid Phase" and "Solid Phase" are both 

effective. Conversely, for the sound transmission loss, the air is not desired to penetrate into the 

material, and hence the "solid phase" determines the performance. 

During sample selection, the assumption which states that the materials having high sound-

absorbing performances are also good performers in sound transmission loss turns out to be 

questionable.  On the contrary, materials having high sound-absorbing performance are likely to 

show poor performance in sound transmission loss measurements. Therefore, different materials 

must be selected for getting adequate values in sound transmission loss measurements. 

MEASUREMENT SYSTEMS 

Test systems are selected according to the needs of the sector and available duration for  tests. 

Impedance Tube 

Impedance Tube measurement method is quite useful in terms of the short duration of testing and  

simplicity of test specimens.  

a) Sound Absorption Measurements 

Impedance Tube measurement method is based on the calculation of acoustic impedance values at 

the surface of the test sample on the principle of measuring incident and reflected waves in testing 

process. Sound absorption coeffient is derived from acoustic impedance value. 

Transfer Function Method is used for new impedance tube systems. The advantage of this method is 

to obtain impedance values and sound absorption values in one measurement for all frequencies.  

Figure 1 is a schematic of the measurement system that is based on the transfer function method. 

Transfer function is measured between two microphones seen in the figure. 

 

Şekil.1 Impedance Tube Setup [1] 
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The process shown in Figure 1 can be summarized as follows: 

• The source signal is produced by a software used by the test system. The signal passes 

through the amplifier and transforms into a sound wave, which propagates in a planar 

fashion within the tube. Generally, white noise is used for tests within impedance tubes. 

• Since the transfer function is the ratio of the incident and reflected pressures, the transfer 

function between the two microphones corresponds to the ratio of the pressures measured 

from these two microphones separately. 

• This ratio is the transfer function. The value of the transfer function is then associated with 

the “reflection factor” and then the sound absorption coefficient value of a frequency is 

found by making use of this “reflection factor”.  

• All the calculations are done during the test by the software and the properties are listed. 

The standing wave method is based on measuring highest and lowest levels of pressure that are 

formed within the tube. Maximum pressure within the tube is formed if the incident and reflected 

waves are in the same phase. On the other hand, minimum pressure within the tube is achieved if 

these waves are of the opposite phase. In this measurement method, a single microphone is used 

and each time the “sound absorption coefficient” corresponding to the frequency can be found. This 

method gives more reliable results than the transfer function method; however, it is not used in new 

impedance tubes due to the lengthy duration of tests. 

For both methods, a plane wave should be formed within the tube. Therefore, higher frequencies 

requires smaller tube diameters. Whereas,  plane waves are formed in tubes with large diameters in 

lower frequencies. 

 

Şekil 2. Examples of different diameters of impedance tubes [2] 
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b) Measurement of Transmission Loss Values 

Additional instruments are required for the measurement of transmission loss in impedance tubes. 

As shown in Figure 3, the test sample is placed between the tubes to create two measurement 

environments. In order to perform the calculations, the reflecting sound wave in the second 

environment should be removed from the equation. Therefore, measurements are taken twice by 

using an anechoic  termination and keeping the tube’s end open. The termination is a thick layer of 

“foam” in front side and causes complete (anechoic) “absorption” of the “impact” wave shown as C 

in Figure 3. Therefore, it causes the reflecting wave (shown as D in Figure 3) take the value of 0 in 

the equations. 

 

Şekil 3. Empedans Tüpü Ses İletim Kaybı Ölçüm Düzeneği [1] 

In impedance tubes, measurements of transmission loss values of multilayered samples do not 

provide correct values. Therefore, new methods are being developed to measure this type of 

samples. 

 

Şekil 4 a. One sided impedance tube      b. Double side impedance tube  [3] 

a 

b 
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Figure 5 shows the samples prepared for testing in an impedance tube. 

 

Şekil 5. Samples prepared for testing in impedance tube [8]. 

Deformations of the samples or displacement of the samples within the tubes can cause  inaccurate 

results. Therefore, extra precautions should be taken during the production of the samples and the 

execution of the tests [9,10]. 

Empedans tüpünde ses yutum katsayısını bulmak için uluslararası standartlar belirlenmiştir. Bunlar, 

“Kararlı Dalga Metodu” için ISO 10534-1 ve “Transfer Fonksiyon Metodu” için ISO 10534-2’dir. Ayrıca 

uluslararası standartlara benzerlik gösteren Amerikan standartları da kullanılmaktadır (ASTM E1050). 

Ses iletim kaybı katsayısı hesabı için ise daha önce belirtildiği gibi belirli bir standart 

bulunmamaktadır. 

Following standarts are used for absorption coefficent testing in impedance tubes: ISO 10534-1 & 

ISO 10534-2, ASTM E1050. For testing of sound transmission loss, standarts are not available. 

The plane wave formed in the tube is only effective in the normal direction of the sample plane. 

Therefore, it is inadequate in testing the real acoustic performance  of materials. In operational 

conditions, acoustic waves are incident in various angles. Hence, results gathered from the 

impedance tube tests should be used to compare the acoustic performance of materials and the 

choice of materials. In order to determine the acoustic performance of materials reverberant 

chambers must be used to create diffuse field. 

Since the tests conducted with impedance tubes are done in a highly controlled environment, the 

results of these tests can be used to predict material properties with analysis programs [11]. 

In Figure 6, the results of the a,b,c samples’ measurements made in a reverberation room and in an  

impedance tube are compared. 



   

 

Novosim Mühendislik Hizmetleri Tarih: 17.07.2013  

 
7 

  

 

Şekil 6. Comparison of impedance tube and reverberation chamber measurements of different 

material configurations [12]. 

ALPHA CABIN MEASUREMENT SYSTEM 

Alpha Cabins receive their names from sound absorption coefficient  “alpha”. Alpha Cabins, are 

miniature reverberant chambers. 

An example alpha cabin chamber  is shown in  Figure 7. 

 

Şekil 7. Alpha Cabin layout [13] 
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Measurement of Sound Absorption in an Alpha Cabin 

Sound pressure level difference in the cabin when speakers are on should be at least 45 dB against 

the environment noise[14]. 

Alfa cabins’ operating principals are similar to reverberation rooms. Sabine formula is used for the 

calculation of coefficient of sound absorption . Sabine formula is given in the following equation: 

 

� = 0,163 × 	

 � 1� −

1
�0� × � 

There; 

	 =Cabin Volume, 


 =Sample Area, 

� =Reverberation Time with sample in the Cabin , 

�0 = Reference Reverberation Time withouth sample in the Cabin, 

� =Correction coefficient of the cabin. 

Sound absorption coefficient is calculated by using the difference between the reverberation time of 

the chamber with and without the sample.  

The “cabin correction” coefficient (shown here as "C") is found by comparing the measurements of 

the reference samples conducted in a reverberant chamber and alpha cabin under the same 

conditions (moisture, temperature etc.). “C” comparison should be conducted in a facility which 

meets international standarts. 

"Round Robin Test Method" is advised for comparison between multiple laboratory test results [15]. 

Alpha cabins don’t need to meet international standards. International standards apply for 

reverberation chambers, which are larger in size compared to alpha cabins. ASTM C423 and ISO 354 

standards are used to determine the sound absorption coefficient, whereas ASTM E90 and ISO 

10140 standards are used to determine the sound transmission loss coefficient.  

These standards are usually referred to in architectural acoustic applications. Alpha cabins designed 

for automotive industry are smaller in size (usually 6.44 m3) and do not conform to any standards. 

Various companies in the automotive industry have their own design of an alpha cabin. These 

designs are usually similar to each other. Since Rieter is a leading producer of alpha cabins, designs 

of other companies are similar to Rieter's designs. The internal volume of the cabin determines the 

cut-off frequency. Therefore, cabin designers should take the min. dimensions into consideration in 

order to ensure the frequency interval of 400-10000 Hz is met. The internal volume of most of the 

cabins is fixed at 6.44 m3 in order to allow a uniform wave dispersion to form at 400 Hz. 
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Some design guide examples of alpha cabins available in the market are; 

• Rieter Alpha Cabin Instructions; Technical note no 591,  

• Toyota engineering standart; Test Method for Acoustic Materials, no TSL0600G, 

• Renault Test method; Fibrous and Cellular Materials Sound Absorption in Diffuser Field, D49 

1977, 

• The Design of Small Reverberation Chambers For Transmission Loss Measurements, ”, Chung 
Y. Tsui, Carl R. Voorhees and Jackson C S. Yang, University of Maryland.  

 

For sound transmission loss measurements two alpha cabins are required. 

In Figure 8, a layout of Rieter Isokell cabin which is capable for sound transmission loss 

measurements can be seen. 

 

Şekil 8. Rieter Isokell Alpha Cabin [16] 

Alpha cabin measurement is quicker than impedance tubes but preparation of samples may take 

longer. 

Reverberation Room 

Measurements in reverberation rooms are carried out according to international standards. 

Therefore, the method is more reliable and repeatible. On the other hand, they need more space 

and initial investment to build. 

Typically, the room floor is isolated from the building floor to improve vibration and acoustics 

performance. 

It is cumbersome to calibrate the room, the test results may vary considerably according to the 

results of tests carried out with another reverberation rooms. 
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Besides, the  size of the specimens  should be at least 6,69 m2 according to ASTM C423 and 10m2 

according to ISO 10140. 

In order to make sound transmission loss measurements, the room should be divided into two parts. 

The apparatus designed for the sound transmission loss measurements can be seen at figure 9. 

 

Measurements in Reverberation Room [17] 

 

WHAT CAN NOVOSIM PROVIDE: 

Novosim engineering supports its customers in finding suitable testing facilities around the world, 

choosing the materials depending on the application, leading  the project from sample preparing to 

data acquisition and evaluating the results. 

In addition, Novosim provides training courses about theory and application of measurements and 

materials. 

Novosim team is experienced in building alpha cabins and are ready to work on the development of 

testing facilities if requested by our customers. 

Success Stories: Acoustic package development of a jeep class vehicle  

In this project, recommendations about the choice of acoustic material for different regions of the 

vehicle, type of this material, and parameters such as density and thickness were given. After the 

implementation of these suggestions, the desired level among other competitors was attained by an 

improvement of 8 dB in noise level. 
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