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Abstract: Within this research, testing of the acoustic properties of polyurethane foam samples was conducted. The 

measurement of the absorption coefficient was performed using the transfer function method in an impedance tube, 

according to the SRPS EN ISO 10534-2:2008 standard. The tested samples represent highly elastic polyurethane 

foam of low density, with sample thickness ranging from 10 mm to 100 mm. The research results indicate the 

potential application of polyurethane foam in areas that require efficient sound insulation or noise control, 

particularly in the mid-frequency range. Therefore, polyurethane foam can be considered an excellent material with 

acoustic properties that exceed expectations within the given frequency range. 
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Akustička svojstva visokoelastične poliuretanske vapen pene HR 3744. U okviru ovog istraživanja, sprovedeno 

je testiranje akustičkih svojstava uzoraka od poliuretanske pene. Merenje koeficijenta apsorpcije izvršeno je 

primenom metode transfer funkcije u impedansnoj cevi, prema standardu SRPS EN ISO 10534-2:2008. Uzorci koji 

su ispitani, predstavljaju visokoelastičnu poliuretansku penu male gustine sa debljinom uzorka od 10 mm do 100 

mm. Rezultati istraživanja ukazuju na potencijalnu primenu poliuretanske pene u oblastima koje zahtevaju efikasnu 

zvučnu izolaciju ili kontrolu buke, posebno u srednjem frekvencijskom opsegu. Prema tome, poliuretanska pena se 

može smatrati odličnim materijalom sa akustičkim svojstvima koja prevazilaze očekivanja u datom frekvencijskom 

području. 

Ključne reči: poliuretanske pene, koeficijent apsorpcije zvuka, pasivna zaštita od buke 

 

1. INTRODUCTION 

 The acoustic characteristics of materials are of great 

importance in the construction industry, especially when 

it comes to achieving the best possible sound insulation 

and absorption in different spaces. Periodic sound 

control is of most importance in various environments 

such as residential and office spaces, healthcare, and 

educational facilities, all of which aim to provide 

adequate comfort and user productivity. 

 There is a wide range of different materials used for 

the production of porous foams. Due to this diversity, 

establishing a general approach for studying the 

acoustic properties of foams is challenging [1]. 

However, polyurethane (PU) foams stand out for their 

characteristics such as elasticity, relatively low weight, 

various hardness levels, and resistance to mechanical 

loads, which have expanded their application across a 

wide range of industries, including automotive, 

furniture, textile, packaging and construction industries 

[2]. 

 PU foams have an open-cell structure, which 

facilitates sound absorption by creating internal friction 

and dispersing sound waves. PU foams are produced in 

various densities and thicknesses, allowing for a wide 

range of applications in the mentioned industries and 

noise protection systems. They are increasingly being 

used as substitutes for mineral and stone wool, which 

can be harmful to human health [3,4]. 

 There has been extensive research demonstrating the 

exceptional sound absorbing abilities of PU foams over 

a wide frequency range. Due to their open-cell structure, 

high density, and elasticity, they reduce sound wave 

reflection and provide effective sound insulation. 

Research has also demonstrated that the acoustic 

characteristics of PU foams are influenced by factors 

such as thickness, density, porosity, and material 

composition. Kino, Nakano, and Suzuki [5] investigated 

the acoustic and non-acoustic properties of crosslinked 

and partially crosslinked PU foams. The focus of their 

research was on studying the structural factors and their 

dependence on temperature. Pompoli and Bonfiglio [6] 

conducted research on PU foams with open-cell 

structures. It was observed that these materials show 

different acoustic performances, mainly due to the 

inhomogeneity of the tested samples. Vulović et al. [7] 

mentioned in their work that changing the composition 

of reactants and polymer synthesis conditions allows for 

obtaining polyurethanes for various applications, such 

as coatings, fibers, rigid and flexible foams, crosslinked 

elastomers, and linear thermoplastic elastomers. Lauriks 

et al. [8] presented a theory of sound absorption that 

assumes the propagation of a single wave in a fibrous 

absorber. This theory has been confirmed only in highly 

porous elastic foams with an open-cell structure. Rey et 

al. [9] modeled the acoustic behavior of recycled PU 

foam from two different perspectives. Firstly, the 
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airflow resistance was used as a simple parameter to 

describe the properties of the recycled foam material, 

while on the other hand, the porosity and average pore 

diameter of the recycled foam were observed as two 

simple parameters. Both models provided good 

predictions of the sound absorption of recycled foam. 

 Taking into account previous research, this paper 

aims to present the results of research on the acoustic 

properties of high-elastic polyurethane Vapen foam HR 

3744. By combining experimental measurements and 

numerical simulations, it is anticipated that 

comprehensive data on the sound absorption coefficient 

will be obtained, thus uncovering potential uses of PU 

foam in noise reduction. 

2. RESEARCH PLAN 

 Within the research plan, the goal is to study the 

acoustic properties of high-elastic PU foam HR 3744 in 

the frequency range from 125 Hz to 1600 Hz. 

Additionally, the research will include analyzing the 

dependency of the sound absorption coefficient on the 

thickness of the material sample.   

2.1 Material 

 

 PU foams of low density are a type of material 

characterized by low density and high elasticity and are 

made from polyol, isocyanate, water and usually have a 

low density, less than 100 kg/m3. These foams are 

subject to research on acoustic properties and can be 

divided into four groups, depending on the method of 

production and application. The first group consists of 

standard foams (S), the second group consists of foams 

with increased elasticity (ES), the third group consists 

of foams with increased hardness (T), while the fourth 

group includes high-elastic foams (HR) [10]. 

 S foams are produced with an open-cell structure, 

which allows sound to pass through the foam pores. ES 

foams also have an open-cell structure, but have greater 

elasticity, making them suitable for certain acoustic 

applications. T foams have a similar open-cell structure, 

but are characterized by a greater hardness of the 

material. 

 HR foams, as the last group, are produced with a 

closed-cell structure. However, under the influence of 

pressure, cell membranes rupture, thereby opening the 

way for sound to pass through the foam pores. This 

means that these foams, although initially closed, can be 

considered foams with an open-cell structure when 

exposed to the pressure force. 

 This classification of PU foams allows researchers 

and industries to choose the appropriate foam type 

according to specific acoustic performance 

requirements. 

2.2 Sample preparation 

 In order to produce soft PU foam, two different 

processes are used: discontinuous (block by block) and 

continuous. In the discontinuous process, blocks are 

poured into molds of appropriate dimensions, whereas 

in the continuous process, raw materials are 

continuously fed into a mixer where the liquid reaction 

mixture is poured onto a moving conveyor. The foam 

expands and forms a continuous stream of foam, which 

is then cut into smaller blocks of the appropriate size. 

[11] 

 For the research, samples of PU foam were used, 

which were provided by the company "Vapeks d.o.o." 

from Čačak. The testing samples were cut from 

continuously produced PU foam blocks. The samples 

were cut from a foam block with a width of 2 m, an 

average height of 1 m, and a length of 1 m. Three 

cylinders with a diameter of 102 mm were cut out along 

the entire length of the block. From each cylinder, 

samples of different thickness from 10 mm to 100 mm 

were further cut. In this way, three samples were 

obtained for each of the 10 different material 

thicknesses (Figure 1). 

 
Fig. 1. Procedure of cutting samples from PU foam 

block 

 The basic mechanical characteristics of HR foam are 

presented in Table 1. 
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745 

ISO 

3386 

ISO 

1798 

ISO 

1798 

ISO 

1856 

ISO 

8307 

Highly 

elastic 

foams 

(HR) 

HR_1 25.8 1.4 159 85 2.9 51 

HR_2 35.0 3.9 168 95 2.0 54 

HR_3 37.0 4.6 161 82 2.1 50 

HR_4 39.4 3.5 165 100 3.2 50 

Table 1. The values of the mechanical characteristics of 

standard PU foam [12] 

3. METHOD AND EQUIPMENT 

 The measurement of sound absorption coefficient of 

high-elastic PU foam was carried out using the 

impedance tube method - the transfer function method 

between two microphones, described by the standard 

SRPS EN ISO 10534-2:2008 [13] in the Laboratory for 

Acoustics at the Faculty of Electrical Engineering, 

University of Belgrade. 

 The transfer function method is based on the 

decomposition of a standing wave that forms in the tube 

while recording signals with two microphones, and 

calculating their transfer function. Based on this transfer 

function, the reflection coefficient is calculated, which 

is then used to determine the absorption coefficient at 

normal incidence. Measurements are made in a specific 

frequency range determined by the physical dimensions 

of the tube and the distance between the microphones. 

The transfer function method allows for fast 

measurements at normal incidence and can be applied to 

small samples. This means that the acoustic properties 

of materials can be effectively evaluated with minimal 
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sample requirements. 

 For an impedance tube with two microphones, the 

reflection coefficient is calculated according to Eq.1 

[14]: 
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jks
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R e
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−
+−

=
−

 (1) 

where is: 

• H – the corrected transfer function, 

• s – the distance between microphones, 

• l – the distance of the closer microphone from the 

sample, and 

• k – the wave number. 

 

 The absorption coefficient is determined through the 

calculated reflection coefficient, Eq.2: 

 
2

1 R = −  (2) 

 The impedance tube method has numerous 

advantages and disadvantages, which are described in 

the standard SRPS EN ISO 354:2008 [15]. 

4. RESULTS AND DISCUSSION 

4.1 Experimental results 

 

 Experimental values of absorption coefficients for 

various material thicknesses obtained through 

impedance tube measurements are presented in Table 2 

and Figure 2. 

 
Table 2. Absorption coefficient values for HR 3744 

foam [11] 

 From table 2 and image 2, the following can be 

observed: 

• At low frequencies up to 400 Hz, PU foam does not 

have significant absorption properties, and the 

absorption coefficient ranges from 0.05 for a 

thickness of 10 mm to 0.31 for a thickness of 60 

mm. As the thickness of the material increases, the 

absorption coefficient at low frequencies also 

increases. For a thickness of 100 mm at frequencies 

up to 400 Hz, the absorption coefficient is 0.73. 

• At high frequencies up to 1600 Hz, PU foam has 

good absorption properties. For a material thickness 

of 40 mm to 60 mm, the maximum absorption 

coefficient value occurs at a frequency of 1600 Hz, 

where d=40 mm α=0.86, d=50 mm α=0.85, d=60 

mm α=0.84, and d=100 mm α=0.9. 

• For a thickness of 100 mm, the absorption 

coefficient of PU foam is α=0.96 at a frequency of 

630 Hz. However, this value decreases at higher and 

lower frequencies. 

• The highest efficiency of PU foam is achieved in the 

range of 500 Hz to 1600 Hz, where the absorption 

coefficient ranges from 0.6 to 0.96. 

 The absorption coefficient of PU foam shows a 

tendency to increase with increasing material thickness 

but at the same time, its peak shifts to lower 

frequencies, up to 630 Hz. 

 
Fig. 2. Absorption coefficient value for HR 3744 foam 

[11] 

4.2 Procession and analysis of the experimental 

results 

 

 In order to apply the regression analysis method and 

select an appropriate regression model after choosing an 

experimental plan and carrying out measurements, the 

following phases (figure 3) [11] must be completed: 

• Input of experimental data, 

• Summary statistics of possible mathematical models, 

• Selection of a stochastic model, 

• ANOVA analysis - determination of model 

significance, 

• Assessment of model adequacy, 

• Determination of the confidence interval of model 

parameters, 

• Model diagnostics and, if necessary, model 

transformation and repeating the cycle of selecting 

and evaluating the transformed model, 

• Determination of the confidence interval of the 

regression function, and 

• Graphical interpretation and explanation of the 

model. 

 For generating and analyzing stochastic models, the 

software package Design Expert v9.0.6.2 was used. The 
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choice of regression model depends primarily on the 

available number of experimental points. However, 

even when there are enough experimental points, it does 

not necessarily mean that the highest degree model will 

be the best. The models were shaped in the form of an 

nth-degree polynomial. Among the mathematical 

models available, 5th and 6th-degree models were 

proposed (Table 3) [11]. 

 A summary statistical analysis [16, 17] is used to 

select the stochastic model, comparing possible models 

based on the standard deviation, coefficient of 

determination (R-Squared), adjusted coefficient of 

determination (Adjusted R-Squared), predicted 

coefficient of determination (Predicted R-Squared), and 

PRESS statistic (Prediction Sum of Squares Statistic). It 

is recommended that a model with a higher value of the 

predicted multiple determination coefficient (Predicted 

R-Squared) be selected. 

 
Fig. 3. Algorithm for selecting the optimal stochastic 

model [11] 

 
Table 3. Summary statistics table for HR 3744 foam 

 The 5th-degree model was adopted. In order to 

improve the results of the analysis, it was necessary to 

perform a transformation of the response function using 

the natural logarithm (Natural Log, k=0, λ=0). After 

reducing the non-significant terms from the proposed 

model, an analysis of variance (ANOVA) was 

performed, which is shown in table 4. 

 The high F-value of the model (F=749.66) and low 

probability value (p<0.0001) indicate that the model is 

significant. The coefficient of determination (R-

Squared) and other statistics after the ANOVA analysis 

(Table 5) have good values, confirming the validity of 

the chosen mathematical model. 

 The regression coefficient values of the 

mathematical model, standard errors, 95% confidence 

intervals, and variance inflation factors (VIF) of the 

regression coefficient are shown in Table 6. 

 
Table 4. ANOVA report for HR 3744 foam 

 
Table 5. Computational values of statistics for the 

assessment of the mathematical model 

 The final equation of the mathematical model that 

adequately describes the dependence of HR 3744 foam 

absorption coefficient on frequency and material 

thickness is shown Eq.: 

 

( ) 1.63817 154.21661*

2.80518 003* +0.32484* *

6387.80998* ^ 2 1.07210 006* ^ 2

4.38184* ^ 2* 1.30302 004* * ^ 2

1.22214 005* ^ 3 5.56533 009* ^ 3

3.67750 004* ^ 2* ^ 2

39.08242* ^ 3* 4.12341

d

E f d f

d E f

d f E d f

E d E f

E d f

d f

= − −

− −

+ − −

− − −

− + + −

− −

+ +

HR3744Ln α

008* * ^ 3

1.09656 006* ^ 4 4.31711 012* ^ 4

4.64308 003* ^ 3* ^ 2

158.68298* ^ 4* 3.66516 006* ^ 5

9.55248 016* ^ 5 

E d f

E d E f

E d f

d f E d

E f

−

+ + − −

+ −

− − +

+ −

 (3) 
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 For graphical interpolation of the mathematical 

model, three-dimensional and two-dimensional contour 

diagrams are available. The graphical representation of 

the mathematical model described by equation (3) is 

shown in Figures 4 and 5. 

 
Table 6. The values of the mathematical model 

coefficients and confidence intervals 

 

 
 

Fig. 4. 3D Graphical representation of the mathematical 

model for HR 3744 foam 

 

 
Fig. 5. Contour 2D representation of the mathematical 

model for HR 3744 foam 

5. CONCLUSION 

 Based on experimental results, it was observed that 

the absorption coefficient of PU foam increases with 

increasing frequency up to 630 Hz, after which it 

decreases. The best possible absorption coefficient 

values are obtained in the range of 500 Hz to 1000 Hz. 

 Regarding material thickness, it was observed that 

increasing thickness has a positive impact up to 80 mm, 

after which the absorption coefficient decreases. These 

results explain why the testing was conducted on 

samples with thicknesses up to 100 mm. 

 Based on these findings, it can be concluded that 

these materials exhibit a high level of sound absorption 

in the mid-frequency range, which is an unusual 

characteristic compared to most absorption materials. 

Therefore, these materials can find applications in areas 

that require effective sound insulation or noise control. 
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