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ABSTRACT 

A new way of adhering woven textile to a nonwoven backing was explored, the 
end product in mind being a sound absorbent panel. Today a hot melt adhesive is 
sprayed on the nonwoven with woven decorating textile put on top before 
compression molding. This method results in an uneven layer of adhesive with the 
consequence of decorating textile detaching from the nonwoven and thereby a 
high number of discarded products. The report investigates the possibility of using 
a bicomponent fiber as the adhesive. This would guarantee an even layer of 
adhesive and make the manufacturing process one step shorter. 

A bicomponent fiber of core/sheath construction with a low melting polymer in 
the sheath was incorporated in the nonwoven upon fabrication. In the main bulk of 
the nonwoven a smaller ratio of bicomponent to normal polyester fiber was used, 
enough to stabilize the nonwoven. For the top layer of the nonwoven a higher 
ratio was chosen. As the nonwoven is then compression molded under heat 
together with the decorating textile, the low melting sheath of the bicomponent 
fiber will melt and create bonds within the nonwoven as well as to the textile. The 
ratio in the top layer was varied as well as the pressure in compression molding. 

The adhesion strength between nonwoven and decorating textile was tested, and 
the sound absorbing properties of the different manufactured samples were 
compared. The sound absorbing parameter of air flow resistance was tested and 
sound absorption was tested using impedance tube with transfer function method. 
Further, a way of testing transmission loss was developed by the manufacturing of 
a custom built impedance tube, which was then compared to the transfer function 
method.  

The results showed that a higher bicomponent percentage gave higher sound 
absorption in lower frequencies, but a lower sound absorption in higher 
frequencies. The thickness of the samples gave a positive effect on the sound 
absorption in all frequencies. The conclusion is to recommend a thicker material, 
and choose bicomponent according to which frequencies that should be absorbed 
and what adhesion strength is needed for end product. 

 

Keywords 
Bicomponent fiber, sound absorbent, impedance tube, nonwoven, adhesion 
strength, air permeability, transfer function method. 
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POPULAR ABSTRACT 

To control the sound level in working environments, sound absorbent panels can 
be used. These are manufactured today with the addition of hot melt adhesive 
between a nonwoven backing and a woven decorating textile. This process 
involves spraying the hot melt adhesive on the nonwoven after which the 
decorating textile is added before compression molding. The process produces 
often uneven results of adhesion between the two materials and a high degree of 
discarded products. This work explores the possibility of incorporating a 
bicomponent fiber in the nonwoven which acts as an adhesive when melted. This 
would mean that one process step would be removed and an even adhesion easily 
be gained.  

Results showed that a higher fraction of bicomponent gave a higher adhesion 
strength between the nonwoven and the woven textile. Sound absorption was 
better in all frequencies with a thicker material while a higher fraction of 
bicomponent fiber gave higher sound absorption in low frequencies and lower 
sound absorption in high frequencies. Because the differences between the 
samples were small, the recommendation is to use the percentage bicomponent 
fiber that is needed for the adhesion required on the end product. 
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1 INTRODUCTION 
Acoustics is a big part of making an environment work for its purpose. In a 
concert hall, some reflection is desirable to get a fuller sound, while in an open 
office it might be needed to lower the sound volume and remove reflections. 
(Möser, 2009, p.171) Sound has a big impact on the well-being of humans, why 
unwanted sounds, noise, need to be dampened or isolated to create a good 
working environment. (António, 2011) 

For this purpose sound absorbers are used, often fibrous and bulky textile 
materials, owing to their porous characteristics. (Suvari et al., 2013) One such 
sound absorbing product is built of a nonwoven backing with a decorating textile 
added on top for aesthetic purposes, where it is mainly the bulky nonwoven that 
functions as a sound absorber. 

The manufacturing process of such a panel contains adding a woven textile on a 
nonwoven backing. These panels are made today by spraying hot melt adhesive 
on the nonwoven before compression molding the two layers together. The result 
is often uneven with a common fault being the release of the decorating textile 
from the nonwoven. This in turn results in a high number of products being 
discarded. Further, the hot melt adhesive is thought to lessen the effect of sound 
absorbance as it could potentially reflect sound waves instead of letting them 
inside the material to be absorbed. See manufacturing process in Figure 1. 

 

 

Figure 1 Manufacturing process today, where the middle step would be taken away using a 
bicomponent fiber in the nonwoven from the start. 

 

With the glue already in the nonwoven material from the start, one production 
process step (the middle step in Figure 1) could be taken away and possibly a 
more even result would be obtained.  By incorporating a bicomponent fiber in the 
top layer of the nonwoven, no glue needs to be added and an even layer of 
adhesive is easily made. The bicomponent is of core/sheath formation with the 
sheath made of a low-melt polyester, see Figure 2 for a cross-section of the fiber. 
By only letting the sheath melt in the bonding process, the core still adds strength 

Compression  
molding  of  
nonwoven	

Spraying  of  
hot  melt  
adhesive	

Compression  
molding  
with  

decorating  
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to the material while the melted sheath makes a glue that may adhere to other 
materials, e.g. a woven textile. To make the nonwoven more porous and bulky it 
is blended with polyester fibers. 

 

 

Figure 2 Cross-section of a bicomponent fiber with core/sheath construction. 

 

A method for testing materials for their acoustic properties will be investigated. 
With bulky, lofty textile sound absorbers the air flow permeability is the main 
parameter that determines the level of sound absorption. (Coates and 
Kierzkowski, 2002) The samples will therefore be tested for their air permeability 
as well as sound transmittance. The results will then be compared with a verified 
method; sound absorption using an impedance tube. Finally the adhesion strength 
between nonwoven and woven textile will be tested to verify that the 
manufacturing method is good enough for the purpose. The factors that will be 
evaluated are the bicomponent percentage and different pressures during 
compression molding.  
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1.2 LITERATURE REVIEW 
The literature review consists of both basic knowledge of sound and acoustics, as 
well as research made on sound absorption and bicomponent usage in nonwoven. 

1.2.1 Sound  
Sound is mechanical waves and has many similarities to the electromagnetic 
waves of light. (Jönsson, 1999, p.10) Blauert and Xiang (2009, p.2) define sound 
as “mechanic vibration and/or mechanical waves in elastic media”. Sound waves 
propagate from the source by energy being transferred from one molecule to the 
next; thereby variations in density and pressure arise. (Andersson, 1998, p.21; 
Fahy, 2001, p.6)  

A sound wave is made of higher and lower densities, where one wavelength, λ, 
contains density change from highest to lowest back to highest density, i.e. the full 
“scope”. This density change and thereby pressure change is often described by a 
curve on a diagram with the sound pressure on y-axis and the distance or time on 
x-axis, where a harmonic wave is described by a sine curve. (Andersson, 1998, 
p.22) It is the pressure differences that can be detected by the human ear. 
(Lefebvre, 1999, p.27) The frequency of a sound is given by how many waves 
occur per second, measured in Hertz (Hz), thus low frequencies have few waves 
per second and high frequencies have a higher number of waves per second. The 
human ear can hear frequencies between 16 and 16 000 Hz. (Möser, 2009) 
Frequencies below 16 Hz are called infrasound while ultrasound has frequencies 
above 16 kHz. (Blauert and Xiang, 2009, p.2) Figure 3 shows the mechanical 
physics of a sound wave and its description in a diagram. The height of the sine 
curve is the amplitude of the sound pressure.  

 

Figure 3 Illustration of the desity differences of sound waves and the sine wave that describes the 
pressure differences in space or time. Adaption of figure from Andersson (1998, p.13) with added 
feature from Jönsson (1999, p.95). 
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By knowing the speed of sound in the medium in which it travels, the wavelength 
can be calculated when knowing the frequency, and vice versa, by using Equation 
1. (Andersson, 1998, p.21) 

𝜆 =
𝑐
𝑓 

                                                        (Equation 1) 

Equation 1 describes the relation between the wavelength, λ [m], the speed of 
sound, c [m/s], and the frequency, f [1/s], of a sound wave. The speed of sound in 
a medium varies with temperature and pressure. (Andersson, 1998, p.23) The 
value usually used for speed of sound in air is 340 m/s. (Möser, 2009, p.24)  

The loudness of sound is described by the sound pressure level, given in the 
logarithmic scale of decibel (dB). Decibel in turn is derived from the sound 
pressure, measured in N/m2 (Pa), using Equation 2. (Möser, 2009, p.5)  

𝐿 = 20 log !
!!

 

                                         (Equation 2) 

Equation 2 describes the relationship between the measured sound pressure, p 
[Pa], and the sound pressure level, L [dB], where p0 is the lower limit of human 
hearing range; 2x10-5 Pa. (Möser, 2009, p.5) Blauert and Xiang (2009, p.5) 
defines sound pressure as “the alternating pressure caused by particle 
oscillation”.  

Lefebvre (1999, p.19) defines acoustic intensity as “the variation of the energy 
flux produced by the acoustic perturbation”. Sound intensity is measured in 
W/m2. (Blauert and Xiang, 2009, p.5)  

Sound waves can propagate in gas, liquid or solid material and the speed of the 
wave depends on the stiffness/elasticity and density of the material in which it 
propagates, as well as temperature. (Jönsson, 1999, p.43; Andersson, 1998, p.21; 
Fahy, 2001, pp.6-7) While the amplitude can change with distance or when 
passing through a change of medium, the frequency doesn’t change. (Möser, 
2009, p.19) In other words; when hearing a tone from a large distance from the 
source, the frequency is still the same but the sound pressure is lower.  

The sound from a sound source has a direction, which depends on e.g. the source 
size compared to wavelength and movement of sound source. When a source is 
small compared to wavelength; the emitted sound radiate in a spherical pattern. 
(Möser, 2009, p.67) For experiments, waves are guided and forced to form plane 
waves by placing the sound source at the end of a small circular or rectangular 
tube, so called impedance tube or Kundt’s tube. The diameter needs to be small 
compared to the wavelength tested. (Möser, 2009, pp.171–172) See Figure 4 for 
description of the two different wave propagation described. 
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Figure 4 Two types of wave propagation; spherical (a), and plane (b). (Kuttruff, 2000, p.9) 

 

1.2.2 Acoustics 
Kuttruff (2000, p.24) divides sounds in room acoustics into human speech, 
musical instruments and technical noise sources. Human speech lies between 50 
and 350 Hz while instruments can lie anywhere in the range of 16-9 000 Hz. 
Technical noise sources are more complicated to describe, since they exist in 
many forms, although common sources are ventilation, air conditioning and 
machinery. (Kuttruff, 2000, p.24) In an office, a sound level of around 60 dB is a 
rough estimate, 40 dB for a library and 80 dB for a busy street. (Möser, 2009, p.6) 

If a sound wave would meet no obstacles and travel in a lossless media, i.e. all 
sound energy would stay in the wave, it would propagate infinitely. This is 
however never true. The sound energy will always be less when a wave 
propagates in media; the energy is lost in dissipation into thermal energy. (Blauert 
and Xiang, 2009, p.145) Blauert and Xiang (2009, p.146) further distinguishes 
dissipation from absorption, where absorption is a description of sound 
disappearing from one space to enter another. It can then either be dissipated into 
thermal energy or just transmitted to the other space. See Figure 5.  

When a sound source oscillates, the movement of the air will start which will be 
translated into sound after reaching the human ear. (Möser, 2009) The sound may 
come directly from the source or after being reflected on a surface. (Andersson, 
1998, p.14) When a sound wave hits a surface, it can be fully reflected or 
incompletely reflected; part of the sound energy is then absorbed by the material. 
(Andersson, 1998, p.14)  
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Figure 5 How a sound wave reacts to sound absorber and its surface, which is represented by the grey 
area. Adaption of Figure from Andersson (5432, p. 14) with changes to absorption, as described by 
Blauert and Xiang (2009, p.146). 

 

1.2.2.1 Reverberation Time 
Sound starting in a room with many hard surfaces will be reflected on surfaces 
and appear first as individual echoes, with time multiple reflections will make a 
fading continuous sound, called reverberation. The air is under oscillatory motion 
until the energy dissipates completely into heat upon interaction with surfaces. 
(Fahy, 2001, p.8) Reverberation time is the time it takes for sound to decay. 
(Coates and Kierzkowski, 2002) Na et al. (2007) explains the reverberation time, 
T60, as the time it takes for a sound to decay by 60 dB. 

Reverberation Chamber 
The time it takes for a sound to completely vanish after being shut off is called the 
reverberation time and depends on the volume and surfaces of the surroundings. 
(Möser, 2009, p.217) Rooms with high reverberation time have small absorption. 
This type of room is used when measuring a material’s impact on reverberation 
time. (Kuttruff, 2000, p.150) It can however be noted that data collected using 
impedance tube can be calculated into reverberation time. (Andersson, 1998, 
pp.106-110)  

When using the reverberation chamber, the area in the chamber should be 200 m3, 
within samples of size 10-12 m2 should be placed. (António, 2011) In the 
impedance tube method only a small piece is used, same diameter as the tube; 2.9-
10 cm. The results gained from this method then needs to be put in a computer 
model to get the information on the impact on the reverberation time. Impedance 
tube method is commonly used to compare different materials in a product 
development process, while the reverberation chamber is used for final 
measurements. (Andersson, 1998, pp.106-110) 

1.2.2.2 Standing Wave 
When a sound wave is met by a wave of same frequency, a so called standing 
wave will be the result. The standing wave will appear to be stationary in space 
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with minima’s (nodes) and maxima’s (antinodes) of sound energy standing still, 
even though the separate waves are still moving. (Jönsson, 1999, p.67) Also when 
a sound wave is reflected on a surface and re-directed in the opposite direction, a 
standing wave is formed. When only a part of the wave is reflected, the result will 
be a combination of standing and progressive waves. (Möser, 2009, p.180)  If the 
media reflecting a wave is of thicker character, a node is formed at the interface 
while an antinode is formed at the interface to a thinner media. (Jönsson, 1999, 
p.67) The difference in acoustic impedance of the material determines how much 
of the wave intensity will be reflected. With a big difference in acoustic 
impedance, more of the wave intensity will be reflected. (Jönsson, 1999, p.133) 
When measuring in an impedance tube, these principles are used. (Möser, 2009, 
p.212; Lefebvre, 1999) Two methods using impedance tubes are explained below, 
both described in standard ISO 10534. 

Standing Wave Ratio Method 
In Standing Wave Ratio (SWR) Method, a material’s impedance value is 
calculated by generating a plane standing wave in an impedance tube. By finding 
the sound wave’s nodes and antinodes with a moving microphone inside the tube, 
it can be calculated how much of the sound is reflected and how much is 
absorbed, see Figure 6. It is important to have pure tones to achieve a standing 
wave. (António, 2011)  

 

Figure 6 Impedance tube with moving microphone. 

The method gives sound absorption coefficients, α, for the frequencies tested. 
Alfa is the ratio of sound entering surface to the incident plane wave, i.e. α < 1. 
(ISO 10534:1998) The Noise Reduction Coefficient (NRC) is then calculated by 
averaging the sound absorption coefficients at five specific frequencies; 250, 500, 
1000, 2000 and 4000 Hz. (Hassanzadeh, Hasani and Zarrebini, 2014) Same 
calculation can be made using the reverberation room method. (Na et al., 2007)  

The dimensions (length and diameter) of the tube are chosen for the frequencies 
being tested. The diameter needs to be smaller than 0,586×λ, calculated with λ for 
the highest frequency tested, for the waves to be planar. The length of the tube 
needs to be more than ¼ of the wave to be able to measure nodes and antinodes of 
the wave. (Andersson, 1998, p.110) 
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Transfer Function Method 
Instead of using a moving microphone, the Transfer Function Method uses two 
fixed microphones attached in the tube in front of the sample at different 
distances, see Figure 7. (António, 2011) The distance between the two 
microphones needs to be big enough to detect a pressure difference, but not larger 
than one wavelength of the highest frequency being tested. This method uses 
white noise instead of one frequency at a time, as in Standing Wave Ratio 
Method, which means that all frequencies are tested at once. (ISO 10534:1998)  

 

Figure 7 Impedance tube with two set microphones in front of sample. 

Hao, Zhao and Chen (2013) used impedance tube with two microphones to find 
sound absorption properties and dampening effect of nonwoven composites. The 
value found was transmission loss (TL) which describes how much of the sound 
was absorbed by the material, i.e. higher value means higher absorption. For low 
frequencies; 50-1600 Hz, a tube with the diameter 0.1 m was used and for high 
frequencies; 500-6400 Hz, the diameter used was 0.029 m. They found that 
samples manufactured with lower temperature and shorter time showed better 
sound absorption properties, thanks to its more porous structure. Same samples 
also showed better sound insulation properties, thanks to their more pronounced 
sandwich structure, where outer surfaces were pressed flat with porous material 
still in between. 

Custom built tubes 
Benkreira, Khan and Horoshenkov (2011) built an impedance tube where the 
sample was placed in the middle of the tube, with speaker at one end and a sound 
absorbent material at the other end of the tube, see Figure 8. With two 
microphones placed on either side of the sample, TL was measured by subtracting 
the sound level in dB measured in the microphone after the sample from the sound 
level measured in the microphone attached before the sample.  
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Figure 8 Impedance tube with sample placed in the middle of the length of the tube. (Benkreira, Khan 
and Horoshenkov, 2011) 

Amaral-Labat et al. (2013) custom built an impedance tube to test acoustic 
properties of carbon foams. Sample was placed at opposite end from the speaker 
in front of a solid metal backing. The tube manufactured had three microphones 
built in; two in front of sample and one behind the sample. The third microphone 
placed behind the sample made it possible to calculate the dynamic density and 
the dynamic modulus of the carbon foams. See Figure 9. 

 

Figure 9 Impedance tube with three microphones. (Amaral-Labat et al., 2013) 

 

1.2.3 Sound Absorbers 
Sound absorbers are materials used for removing unwanted sounds; noise. They 
absorb most of the sound and reflect little, and are usually put in a room to shorten 
the reverberation time. (Arenas and Crocker, 2010)  

1.2.3.1 Porosity, Tortuosity 
Sound absorbers with a high level of absorption are usually porous, which means 
that they contain cavities, channels or interstices that make it possible for sound 
waves to travel through them. (Arenas and Crocker, 2010) Arenas and Crocker 
(2010) define porous materials as having a surface that allows the sound waves to 
enter into the material and further classifies the porous absorbers into cellular, 
fibrous or granular. They further explain how the air in the pores reacts to incident 
sound wave, where the air is forced to vibrate and then loses some of the sound 
energy. In fibrous materials the fibers also get affected and start to move, bending 
and friction between fibers take up additional energy. 

The structure of a surface is defined as porous when the depth of an irregularity is 
bigger than the width. Further, the pores inside the material can be closed, 
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meaning that they don’t have any connection to other pores, or open. When it 
comes to acoustic properties, open pores have a bigger impact on the absorption 
of sound energy. (Arenas and Crocker, 2010) Benkreira, Khan and Horoshenkov 
(2011) describe how open pores with interconnections increase air flow resistivity 
and therefore sound absorption. Arenas and Crocker (2010) further explains how 
the shape of the open pores, so called tortuosity, also have an impact on the air 
flow resistance and sound absorption. Straight or twisted, changing cross section 
area slowly or fast are examples of different tortuosity. Benkreira, Khan and 
Horoshenkov (2011) defines tortuosity as the ratio between the actual path a 
sound wave takes through a material and the thickness of it. When they tested the 
acoustical properties of porous samples manufactured to get different pores and 
tortuosity they found that samples with the lowest density and highest porosity 
and tortuosity were the best sound absorbents. Amaral-Labat et al. (2013) 
similarly found that sound absorbance decreased with higher density, i.e. lower 
porosity, of their carbon foams. 

In the work by Suvari et al. (2013), it was investigated how much impact the 
degree of fibrillation and number of islands had in the use of nonwoven made 
from islands-in-the-sea bicomponent fibers had on sound absorption of the same. 
It was concluded that a higher degree of fibrillation and a higher amount of 
islands in the fiber made a better sound absorbent. This means that smaller fibers 
and the resulting pores make a higher degree of sound absorption. 

Yilmaz et al. (2011) tested air flow resistivity and sound absorption on layered 
nonwoven composites. They found that the hemp fiber gave a slightly higher 
resistivity than polypropylene and poly(lactid acid). This was thought to be due to 
the variation of the hemp fiber diameter and irregularities resulting in a higher 
tortuos path. 

Hassanzadeh, Hasani and Zarrebini (2014) tested sound absorption on needled 
nonwoven made of the hollow cotton fiber Estabragh and polypropylene. They 
found that increased needling increased the number of fibers in the layer structure, 
due to the cotton fiber being brittle and thus breaks when needled. The increased 
number of fibers resulted in a change of the porous structure and thereby higher 
sound absorption. 

1.2.3.2 Textile Sound Absorbers 
Coates and Kierzkowski (2002) divide textile sound absorbers into bulky, lofty 
textiles that behave as a porous absorber and lightweight, compact absorbers 
which are used as porous screens.  

The best thickness for sound absorption is achieved with ¼ of the incident 
wavelength. To achieve similar sound absorption with a thin textile, it is placed a 
distance from the wall. The distance should then be one fourth of the incident 
wavelength. This means however that you can only dampen one frequency with 
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the right wavelength. To absorb many different wavelengths, a thick porous 
material is used, where the pores become absorbers for many different 
wavelengths. (Coates and Kierzkowski, 2002) 

Nonwovens are often used as sound absorbers due to their porous, lofty structure 
and low density. (Suvari et al., 2013) Liu et al. (2014) describes how the porous 
structure of nonwoven material forces the sound waves into capillaries. In the 
capillaries the sound energy forces the air to vibrate and creates friction in the 
pore. This leads to both thermal energy loss and viscous force of air, both 
decreasing the sound energy. 

1.2.3.3 Air Flow Permeability 
The level of sound absorption of bulky porous textiles is dependent on its air flow 
permeability, thickness and bulk flexibility. Of these three air flow permeability is 
the most vital. (Rey et al., 2013; Coates and Kierzkowski, 2002) Flow resistance 
is a function of the density of the material, with lower permeability for more 
dense materials. For the same thickness, a material with higher density, i.e. lower 
air permeability, gives better sound absorption according to Coates and 
Kierzkowski (2002). Air flow resistivity is often called a non-acoustical parameter 
affecting acoustical properties. (Kino and Ueno, 2008) There are several models 
where only air permeability and thickness is used to predict a material’s sound 
absorption coefficient. (Liu et al., 2014) A typical value of sound absorber’s air 
flow resistivity lies within the range between 2×103 and 2×105 Pa.s/m2. (António, 
2011) 

However, as a steel plate without holes has no air permeability and have little 
sound absorbance, air flow resistance can be discussed further. Yilmaz et al. 
(2012) tested sound absorption and air flow resistance on needle-punched 
nonwoven composites which had also been compression molded. The 
compression molding made samples thinner, denser and therefore poorer sound 
absorbents but at the same time showed a decrease in air flow permeability. Same 
result was shown in a second article by Yilmaz et al. (2012a) where they tested 
sound absorption and air resistivity on nonwovens where they found that samples 
compressed during manufacturing showed a higher air flow resistivity but lower 
sound absorption. Even though the density increases with compression, the 
thickness decreases which causes a lower sound absorption coefficient. 

Kino and Ueno (2008) tested air-flow resistance and sound absorption on 
nonwovens made with fibers of different cross-section shapes; flat, circle, hollow 
and triangular. They found that cross-section played a role in air-flow resistivity 
but it had only small effect on sound absorption. 

Na et al. (2007) tested micro-fiber fabrics with reverberation room method and 
came to the conclusion that thicker fabrics were better in absorbing low 
frequencies. Another result was that fabrics with higher density showed better 
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sound absorbance, this was only up to a certain point though, after which sound 
absorption decreased. 

1.2.4 Bonding Nonwoven with Woven 
Nonwoven is frequently laminated with other materials, such as plastic films or 
other textile material. The process often involves molding and needs the 
involvement of an adhesive. The adhesive can be part of either material or added 
as a resin before molding. The process can be wet or dry, with dry often involving 
a thermoplastic resin; powder or melt adhesives made of e.g. polyesters, 
polyurethane or co-polymers. The dry process involves melting of the resin to 
make it act as an adhesive. (Ahmed, 2006)  

1.2.4.1 Bicomponent Fiber as an Adhesive 
In Hayes' (1992) patent, a melt-bondable bicomponent fiber is described which is 
to be used in nonwoven. First component is a polymer with the capability to form 
a fiber while the second is a polymer with melting point at least 30°C below that 
of the first component and with the ability to adhere to the first polymer. Hayes 
describes the benefit of these fibers as the ease of manufacturing bonded 
nonwoven, with one less step in the process when no adhesive needs to be added. 
This also makes the manufacturing economically better. Hayes also makes a 
comparison to using unicomponent fiber with low melting point, where 
bicomponent makes for a loftier nonwoven. Further Hayes recommends polyester 
as the polymer in the second component as polyester gives better adhesion than 
other polymeric materials. It is also important to be careful with the 
amorphous/crystalline ratio of the polymer in second component. A too high 
amorphous portion will make wetting of other surfaces small while it needs to be 
a sufficient amount to reduce melt flow rate to a degree that will keep the second 
component with the fiber. 
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1.4 PROBLEM STATEMENT 
The poor adhesion between decorating textile and nonwoven material creates big 
numbers of discarded products in the manufacturing of sound absorbing panels. 
This problem arises due to the uneven layer of hot melt adhesive and the 
compression molding step of the manufacturing. By adding the adhesive when 
constructing the nonwoven, an even layer is easily accomplished. A core/sheath 
bicomponent fiber with a low-melt polyester in the sheath acts as an adhesive 
when melted.  

Any adhesive added may however have the effect of increasing sound reflectance. 
Mixing the bicomponent fiber with regular polyester fibers results in a more 
porous nonwoven, which could let sound waves go through the material more 
easily. It is also needed to examine the effect that compression molding gives the 
final product.  

To maximize the sound absorbing effect of a sound absorbing panel, it is 
important to investigate the effect of the adhesive and compression molding. 

1.5 RESEARCH QUESTIONS  
o How does the ratio of bicomponent fiber to conventional polyester 

affect the sound absorbing property of the material? 
o How does the pressure of the compression molding affect the 

sound absorbent property of the material? 
o How high is the adhesion strength between a textile and nonwoven 

when using bicomponent fiber as the adhesive? 
o Is there a correlation between transmission loss and the sound 

absorbing effect of the samples? 

1.6 LIMITATIONS 
Impact of time and temperature on compression molding and thermo bonding will 
not be investigated. Variations in the bulk of the nonwoven, e.g. surface weight 
and fiber constitution, will not be investigated. 

The samples will not be compared to products used today, since these are made 
with different manufacturing methods and have surface thicknesses of 
approximately double the surface weight of that possible to produce in this 
project. Also, the nonwoven used in panels today are often of a different material 
than what could be manufactured in the lab of Swerea IVF. 
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2 MATERIAL AND METHOD 
The samples were produced and examined for their sound absorbing properties as 
well as adhesion of the decorating textile on the nonwoven and air flow resistance. 
Parameters investigated were percentage of bi-component in the top layer 
nonwoven and the distance used in compression molding. 

2.1 MATERIAL 
The samples of sound absorbents were produced at Swerea IVF laboratory. They 
comprised of a nonwoven base with woven fabric adhered on surface.  

2.1.1 Nonwoven 
The nonwoven base consisted of three different polyester (PES) staple fibers. Two 
of the fibers had the linear mass density of 1.7 dtex and 3.3 dtex respectively, both 
with the length 50 mm. They were manufactured by Silon. The third fiber was a 
bicomponent fiber with 2.0 dtex and length 51 mm, manufactured by Eastlon. The 
bicomponent fiber was of core/sheath (50/50) type with a round cross section; 
core of conventional polyester and a sheath of co-polyester with a melting point of 
110°C. The lower melting point enables thermo-binding to be made without 
melting of all fibers and thus keeping the strength of those and without having to 
add any other treatment to the material. (Hayes, 1992)  

The staple fibers are carded two times, first time for opening the fibers and second 
time for blending. The nonwoven is made with a total surface weight of 
approximately 1 000 g/m2 whereof the top 100 g/m2 is made with a different 
blending of the three fibers. The bottom 900 g/m2 is made with the same blending 
in all samples; 45% 1.7 dtex PES, 45% 3.3 dtex PES and 10% 2.0 dtex bi-
component. It is however important to note that all percentages are approximate, 
due to the fact that some fibers get stuck in the carding machine and some fibers 
are added from previous cardings being made on the machine. Further treatments 
on the nonwoven may also change the surface weight, e.g. thermo bonding will 
shrink the material and thus increase the surface weight. Different blends were 
tested, the one chosen was considered to have a high enough percentage of bi-
component to keep the nonwoven together after thermo binding and still making 
the material lofty. 
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Figure 10 Carded nonwoven cut into sample size. 

The top 100 g/m2 of the nonwoven was made with different percentage bi-
component. This was to test if different amounts of bi-component made a 
difference in the sound-absorbing function as well as the strength of adhesion to 
the decorating textile. The percentages manufactured included 20%, 40%, 60% 
and 80% of the bi-component fiber with the other two fibers making up the rest, 
half each, of the nonwoven. The top layer was carded alone first time and added at 
the end of the second carding to make it an integrated part of the nonwoven as a 
whole. The carded nonwoven was then cut into squares with each side 155 mm. 

 

Figure 11 Woven textile Delta, used as decorating textile. 

 

2.1.2 Woven Textile 
The decorating textile of the sound absorbent was supplied by Kinnarps AB. The 
name of the fabric is Delta and is used today in their sound absorbent panels. The 
fabric is woven in a crepe weave, giving it a “bubbly” surface. The material is 
Trevira CS (Trevira), a polyester derivative developed for high fire safety. 
(Trevira, 2014) The surface weight of the fabric is 319 g/m2, according to the 
company’s website. (Kinnarps, n.d.) The textile is used as it arrived without any 
treatment made to it. Square pieces were cut in the same size as the nonwoven; 
155x155 mm. 
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Figure 12 Thermo bonded nonwoven sample. 

 

2.1.3 Sample Manufacturing 
Before compression molding nonwoven and woven textile, the nonwoven was 
thermo bonded for a loftier end result. This method was developed during testing.  

The carded nonwoven pieces were thermo bonded in an oven heated to 180°C for 
5 minutes. At this temperature the sheath of the bi-component fiber melts and 
creates multiple bonds in the nonwoven structure. Directly after taking out from 
the oven, a flat wooden board was pressed on top of samples using distances of 17 
mm. They were then kept in plastic bags to keep the same humidity content when 
compression molded. 

 

Figure 13 Cross section of manufactured samples. 

Compression molding was made on a hydraulic compression press by J. Wickert 
& Söhne. Compression molding of samples was made using distances in the 
compression mold, not a specific pressure. This was done to avoid any differences 
due to variations in pressure. The compression mold constituted of upper and 
lower mold, both flat, with independent heat sources. This made in possible to 
heat one while keeping the other cold. In order to keep as much volume of the 
nonwoven as possible, only the upper mold was heated. When samples were put 
in the mold with woven textile up, only this side was heated to 130°C. 
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Figure 14 Finished sample. 

The distances used in the mold were 5.0 mm and 6.5 mm on all top layer 
variations with additionally 5.5 and 6.0 mm on two variations. With the extra 
distances, irregularities in curve could be detected. This resulted in 12 different 
variations of the samples, as seen in Table 1.  

Table 1 The different variations of samples manufactured for testing. 

Percentage Bicomponent 

Distance 20% 40% 60% 80% 
5.0 mm ✓ ✓ ✓ ✓ 
5.5 mm ✓ - ✓ - 
6.0 mm ✓ - ✓ - 
6.5 mm ✓ ✓ ✓ ✓ 

 

2.2 TESTING 
The manufacturing method should result in samples with same surface weight and 
different densities owing to the different distances used in compression molding. 
The samples were tested on surface weight and thickness to check that the 
manufacturing method gave desired result. 

The samples were further tested to find any differences in sound absorption 
properties and adhesion strength between nonwoven and woven textile. Air flow 
resistivity was tested to find correlation to sound absorption. Further a method to 
test sound transmittance was developed for research purposes; to see if this 
method could be used in product development processes. 

All testing, except for sound absorption, were made in the Swerea IVF lab. Sound 
absorption was made in the acoustic laboratory in SP. 

2.2.1 Sample Characterization 
Circular pieces of a known diameter were punched of all sample variations, five 
samples of each variation. These were then weighed to calculate surface weight 
per square meter. As surface weight of the sample should be the same for all 
samples and only depends on the accuracy of weighing the fibers, average and  
standard variation is reported but no variance analyses was made. Five samples of 



 

18 

each variation were also measured for thickness using a Shirley Thickness Gauge 
with a weight of 300 g. 

Decoration textile was measured for surface weight by punching 10 samples of 
the known area 1 dm2 from different parts of the textile. The weight per square 
meter and the average value was then calculated. The value could then be 
subtracted from the samples to know the surface weight of nonwoven. 

2.2.2 Adhesion Strength 
The adhesion strength between the nonwoven and the decorating textile was 
tested using Instron 5966 Testing System with Bluehill software. Method used was 
the standard method ASTM 3330 Peel Adhesion of Pressure-Sensitive Tape, 
method F. It was chosen because of the 90° peeling, which worked well with the 
samples at hand. The woven textile is peeled from the nonwoven backing at a 
specific rate while load is registered. A specific setup is needed so that 90° is kept 
throughout the test, see Figure 15.  

 

Figure 15 Test of adhesion strength setup. 

Four samples of each variation were tested. The samples were first punched in the 
size 50x150 mm, and then mounted on a cardboard rectangular piece which 
measured 75x160 mm using double adhesive tape of same width as the sample. A 
5 kg roller was then pushed by hand over six times to make sure all samples 
adhered equally to the cardboard. The sample was placed on the cardboard 
according to Figure 16. Woven fabric was then peeled by hand and nonwoven 
alone was fastening to the cardboard using a clamp. The cardboard’s both long 
sides were then fasten on a carriage while woven textile was fastening in the 
upper clamp of tensile tester. This was then pulled upwards and carriage pulled 
forward at the same rate to maintain the 90° peeling angle throughout the test. 
Settings used were; load cell 50 N, gauge length 50 mm and rate 300 mm/min. 
Four samples were tested of each sample variation.  
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Figure 16 Samples placement on cardboard, inner rectangle represents sample and outer represents 
cardboard. 

 

2.2.3 Air-Flow Permeability 
Air-flow permeability was measured using Frank Air Permeability Tester 21843. 
Standard SS EN ISO 9237: 1995 Textiles – Determination of the Permeability of 
Fabrics to Air was used as a guide.  

 

Figure 17 Frank Air Permeabiliy Tester. 

The test was made by placing the sample on the air-flow, using test surface area of 
20 cm2. A plastic film was placed on top with a hole of same size; 20 cm2, to 
prevent air leakage from edges. Air leakage was also tested by placing a plastic 
film without any hole; if any leakage existed, a value would show in the test. 
Before testing the machine was checked for calibration. Three samples were 
tested from each sample variation. 

The machine was turned on; pressure drop adjusted to 200 Pa and air permeability 
was noted in mm/s. This means that a higher value equals higher air permeability. 
The minimum air flow that could be measured on the machine was 10 mm/s. As 
described by Coates and Kierzkowski (2002); for fibrous material with the same 
surface weight, a material with higher density, i.e. lower air permeability, gives 
better sound absorption. 
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2.2.4 Sound Transmittance 
A simple method was built to measure the effect of sound insulation of a material. 
It is similar to the tube built by Benkreira, Khan and Horoshenkov (2011), with 
the difference that the tube doesn't continue after the sample. Instead the 
microphone is placed right behind the sample, inside a hole of same size as the 
microphone to avoid sound from surroundings to interfere. With this method, only 
the sound that is transmitted can be detected, the sound dissipated in the material 
is not detected as well as sound being reflected on the surface.   

An aluminum tube with the inner diameter 73 mm and length 1.7 m is the base for 
the method. These dimensions were chosen to make sure low frequencies could 
propagate in the tube and all frequencies were propagating as planar waves. The 
diameter allows the frequencies 70-2 000 Hz to be tested. The length is longer 
than one fourth of the lowest frequency's wavelength, which is needed when 
measuring SWR. (ISO 10534:1998) However, since the reason for this length is to 
be able to find the wave's node and antinode, it is not certain if it is needed in this 
method. Benkreira, Khan and Horoshenkov (2011) had 1 m tube before and after 
the sample when they tested sound transmission, why the length of this tube was 
kept long. 

A flange was then mounted at the other end of the tube opposite the speaker. The 
flange had a hole in same size as the tube, to allow the sound to hit the sample. 
The sample was mounted between the flange and a metal plate of same size, 
which was fastened using four screws with wing nuts. The screws were fastened 
until the distance between the flange and metal plate was 4 mm. The metal plate 
had a hole with diameter of 15 mm where the sound level meter was inserted for 
testing. 

 

Figure 18 Cross section of the custom built impedance tube. Arrow pointing at microphone shows 
where the sound level meter was plugged in. 

Speaker used was a Edifier X220 Multimedia speaker, bass unit with a diameter 
of 106 mm. As the speaker was bigger than the aluminum tube, a cardboard tube 
with inner diameter of 101 mm was put outside the tube to direct all sound inside 
the tube. To center the aluminum tube inside and make sure no sound was 
traveling in between the two tubes, lofty nonwoven was placed between the two.  



21 

 

 

 

Figure 19 Custom built impedance tube with sound level meter plugged in. 

The speaker used was coupled with an iPhone. A tone generator app was used to 
achieve sound waves in specific frequencies. The sound volume was detected 
using a Sound Level Meter UT352 by UNI-T. It had a frequency response of 31.5-
8 000 Hz and a range of 30-130 dB with an accuracy of ± 1.5 dB. The sound level 
meter only detects the sound level, not the frequency, why it was not possible to 
check that the tones received was the frequency asked for in the app.  

The sound transmission loss was tested at five frequencies; 125, 250, 500, 1000 
and 2000 Hz. The testing procedure was first to measure the sound level on each 
frequency and then measure the sound level after inserting a sample. Three 
samples of each variation were tested and each sample was tested on three 
different places. Transmission loss was calculated by subtracting the sound level 
measured with sample from sound level without sample, in the same way as 
Benkreira, Khan and Horoshenkov (2011) did. 

Because the different frequencies gave different sound levels without sample, an 
attempt to standardize the values was made. The sound level values were 
calculated into sound pressure using Equation 2. After some rearrangements the 
following equation was attained and used to get the sound pressure with and 
without sample.  

𝑝 = 10
!
!" !!"#!! 

                                      (Equation 3) 

By using the same method as above; subtracting the sound pressure value with 
sample from that without sample, TL of sound pressure was attained. 

Since the method detects only sound transmission loss, it doesn’t say how much 
sound is dissipated in the material. The TL consists of both reflected sound and 
dissipated sound. This means that a higher TL value consists of higher reflection 
and/or higher dissipation, see Figure 5. 
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2.2.5 Sound Absorption 
Sound absorption was tested at SP in Borås according to standard ISO 10534-
2:1998 Acoustics – Determination of sound absorption coefficient and impedance 
tubes, Part 2: Transfer Function Method. Measurements were made with an 
impedance tube of brand Brüel & Kjær with software 01 dB. The tube had the 
diameter 100 mm, which allows frequencies, theoretically, in the range 50-1 600 
Hz to be tested. The tube had two microphones which allowed the transfer 
function method to be implemented. 

The system included two microphones, power supply, sound source plugged in to 
power amplifier, signal analyzer and computer program. Sound absorbance in the 
frequencies 100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1000, 1250 and 
1600 Hz were analyzed. After retrieving data in the computer program 01 dB, the 
data was put through MATLAB to get sound absorbance coefficients which were 
later analyzed in MODDE by Umetrics. Three samples of each variation were 
tested, with average and standard deviation calculated for each absorbance 
coefficient frequency.  

 

Figure 20 Impedance tube used for sound absorption test. 

2.3 RESULT ANALYSIS 
Results from sample characterization, adhesion strength, air-flow permeability  
and sound transmittance were tested for significance using two factor Analysis of 
Variance (ANOVA) in Microsoft’s Excel.  

Results from sound absorption test was analyzed in the software MODDE by 
Umetrics. The output from the software were standardized regression coefficients 
which tells which parameters had significant positive or negative impact on the 
result. They were standardized so that all factors were given same weight and 
thereby possible to compare. The bar charts should be interpreted by first 
excluding bars with bigger standard deviation than the bar itself since this means 
that the effect of that factor is not significant. Further, positive bars have a 
positive impact on the result while negative bars have a negative impact. The 
result in this case being a higher sound absorption coefficient. 
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3 RESULTS 
Results from all tests are presented in bar charts and diagrams. Tables over sample 
thickness, adhesion strength and air-flow permeability can be found in Appendix 
1. Sound absorption regression coefficients are all collected in Appendix 2, three 
of those have been collected here for showing the main pattern. 

3.1 SAMPLE CHARACTERIZATION 
Thickness and surface weight were tested for evaluation of the manufacturing 
method of the samples. The surface weight of the decorating textile was also 
tested and subtracted from that of the sample to get the surface weight of the 
nonwoven alone. Thicknesses of samples are given in below bar chart. A table of 
the values can be found in Appendix 1, Table 2. 

 

Figure 21 Bar chart showing the average and standard deviation in thickness of each sample variation. 

Figure 21 shows that a thinner distance gave a thinner material and a thicker 
distance gave a thicker material. ANOVA showed that both distance and 
bicomponent percentage had a significant impact on thickness. Although this 
doesn’t mean that there is a tendency that higher percentage gives a thinner 
material. When looking at the bar chart it can be seen that there is some tendency 
for a thinner material with higher percentage. 

The measurement of surface weight of the decorating textile gave 324 g/m2 with a 
standard deviation of 1,7. The sample surface weight measurement gave the value 
1436 g/m2 with standard deviation 32,4. After subtracting the weight of woven 
textile, the surface weight of nonwoven was calculated to 1113 g/m2. 
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It was further noticed that the compression molding flattened the texture of the 
decorating textile, thus taking away the original bubbly texture given by the 
construction. 

3.2 ADHESION STRENGTH 
Adhesion strength was tested to compare the sample variation’s adhesion between 
the nonwoven and the decorating textile. See below bar chart for results, details 
are found in Table 2 in Appendix 1. 

 

Figure 22 Bar chart shows adhesion strength average and standard deviation of each sample variation. 

ANOVA showed that both distances and bicomponent percentage had significant 
impact on adhesion strength. From Table 22 it can be seen that a higher 
percentage and smaller distance gave higher adhesion strength. It can further be 
seen that values doesn’t show a clear tendency throughout the table, and relatively 
high standard deviations can also be noticed. 

It was noted after testing that more fibers from the nonwoven stayed on the 
decorating textile with samples made of lower percentage bicomponent while no 
fiber was left on the decorating textile with 80 % bicomponent fiber. 
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3.3 AIR-FLOW PERMEABILITY 
Results are given in Table 3 in Appendix 1 while a representation of the air-flow 
permeability test results are shown in the bar chart below. 

 

Figure 23 Bar chart shows average and standard deviation of air-flow permeability of each sample 
variation. 

Analysis of variance showed that there was significant differences between 
distances when the middle distances was not in the calculation. When 20 and 60 
% were analyzed separately, there was no significant difference between the 
distances. As seen in the graph, the standard deviations are high compared to the 
differences between samples. Further, bicomponent percentage had significant 
impact on result. Higher bicomponent percentage and thinner distance gave lower 
air permeability, i.e. higher air-flow resistance. 

Test of air leakage in the air-flow permeability test method showed that there was 
some leakage. The amount differed between different samples, although never 
reaching 10 mm/s. Because the minimum air flow that can be measured with the 
machine was 10 mm/s, it was not possible to include this in the values, why this 
can only be considered as a measuring error. It could also be noted that there 
seemed to be a bigger amount of air leakage with the thicker samples. 
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3.4 SOUND TRANSMITTANCE 
Results from sound transmittance test have been calculated in transmission loss 
for sound level and sound pressure for each frequency tested. Graphs are given in 
Figure 24 and 25. The frequency of 62.5 Hz was first tested, but as the result 
showed big deviations, these results are omitted from the report. 

3.4.1 Sound Level Transmission Loss 
Sound level TL is described for each sample in Figure 24. 

 

Figure 24 Diagram shows the average value for sound level transmission loss for all sample variations 
as a function of frequency. 

The sound level TL results shows that the transmission loss for all samples follow 
a similar curve and are the highest at 250 Hz, and lower at higher frequencies. The 
differences between samples are higher at low frequencies. Any pattern for the 
impact of bicomponent percentage can not be seen when analyzing the result. 
Thinner material have higher sound level TL at low frequencies, while no pattern 
can be seen at high frequencies.  

3.4.2 Sound Pressure Transmission Loss 
Figure 25 shows the sound pressure TL, where it can be seen that all samples 
follow a similar curve. A similar pattern can bee seen from sound level TL, 
namely the TL being higher at low frequencies, both are showing peaks at 250 Hz. 
At high frequencies the sound pressure TL is very low, almost zero. Thinner 
material have higher sound pressure TL at low frequencies, while no pattern is 
shown at high frequencies. 
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Figure 25 Diagram shows transmission loss of sound pressure of all sample variations. 

3.5 SOUND ABSORPTION 
Sound absorption test results are given as a diagram and regression coefficients 
for each frequency. Again, results below 100 Hz showed too high deviations to be 
analyzed. 

 

Figure 26 Sound absorption coefficients for all sample variations. 

The diagram shows that all samples follow the same curve, with a low absorption 
at low frequencies and a higher absorption at higher frequencies. The individual 
curves are overlapping so it can be difficult to see any pattern, but it can be noted 
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that the lighter curves, i.e. thicker samples, are above the darker ones. This applies 
to almost all frequencies, but not for the lowest frequencies. 

The left bar in the bar charts of regression coefficients represents the impact of 
bicomponent percentage, the middle bar shows the thickness coefficient and the 
right bar shows interaction between bicomponent percentage and distance used in 
compression molding.  

The regression coefficients for 160 Hz, as shown in Figure 27, shows that both 
higher bicomponent percentage and thicker material have significant positive 
impact on the sound absorption coefficient. Bicomponent percentage have a 
bigger impact than thickness and there is a negative interaction impact on the 
sound absorption coefficients. Regression coefficients for 100 and 125 Hz shows 
no significant impact for any factor. 

 

Figure 27 Regression coefficients for frequency 160 Hz. 

The regression coefficients for 500 Hz are shown in Figure 28. The impacts of 
bicomponent percentage and interaction are not significant, only thickness has a 
significant positive impact on the sound absorption coefficients.  

The regression coefficients for 1600 Hz, as shown in Figure 29, show that the 
bicomponent percentage has a significant negative impact on the results. There is 
no significant interaction impact, only the thickness of the material gives a 
significant positive impact on the sound absorption coefficients. Further, similar 
regression coefficient can be expected for higher frequencies than 1600 Hz too. 
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Figure 28 Regression coefficients for frequency 500 Hz. 

 

Figure 29 Regression coefficients for frequency 1600 Hz.  

These three examples shows the overall pattern; a higher bicomponent percentage 
has positive effect on the sound absorption coefficients on frequencies below 400 
Hz but negative impact on frequencies over 800 Hz, between 400 and 800 Hz it 
has no significant impact. A thicker distance used in compression molding have a 
significant positive impact on all frequencies from 160 to 1600 Hz. 
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4 DISCUSSION 
Results are discussed according to the property being examined. 

4.1 SAMPLE CHARACTERIZATION 
Results showed that the manufacturing gave expected thickness differences 
between  the samples; thinner material with smaller distance and thicker when 
using the bigger distance. It further showed that bicomponent percentage had 
some impact on the result as well. The slightly thinner material with higher 
percentage bicomponent fiber could be explained by the higher percentage of 
meltable material which is more compressible and possibly gives a less porous top 
layer. 

The weight measurements showed that the nonwoven in samples had a surface 
weight of 1113 g/m2, which is higher than the 1000 g/m2 that was measured 
during manufacturing. This can be explained by shrinkage taking place during 
thermo bonding. 

4.2 ADHESION STRENGTH 
The test of adhesion strength showed a clear tendency for a higher adhesion 
strength with a higher percentage bicomponent and a smaller distance in 
compression molding. This is logical; with smaller distance a higher pressure is 
applied to sample and with higher bicomponent percentage more adhesive is used. 
Although it is not certain that the end product needs the high adhesion strength of 
the samples with 80 %. Adhesion high enough to hold the weight of the fabric 
may be sufficient.  

Further, the fact that fibers were stuck on the decorating textile on the samples 
with low percentage, especially on those with 20 %, shows that the adhesion 
between nonwoven and fabric is similar to the adhesion between the fibers in the 
nonwoven. This could mean that if testing the nonwoven alone by pulling the top 
layer, this adhesion strength might be lower than that between fabric and 
nonwoven. It may then be questioned whether a higher adhesion strength is 
needed between fiber and fabric than that between fibers. 

4.3 AIR-FLOW PERMEABILITY 
The analysis of variance showed that bicomponent percentage had significant 
impact on the result. The air leakage seemed to differ between samples, and the 
standard deviations are relatively high which makes it difficult to trust any 
pattern. Possibly, these samples need a different measuring method, one that 
works better with bulky materials. However, there was some indication of lower 
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air permeability with higher percentage bicomponent and smaller distance during 
compression molding. 

4.4 ACOUSTIC PROPERTIES 
The decrease in air-flow permeability with higher percentage bicomponent would 
indicate that the sound absorption should be higher with increased amount of 
bicomponent. The sound absorption test showed that this was true in the lower 
frequency range tested, but not with higher. The decrease in the air-flow 
permeability with smaller distance is expected, as the density increases, but can 
not be an indication of a higher sound absorption as a thick material is more 
important when it comes to sound absorption. 

A comparison of the transmission loss values and sound absorption coefficients 
shows that the higher TL values in low frequencies does not come from a higher 
dissipation of sound waves. It can be due to higher reflection in low frequencies 
or a sign of low reliability or possibly low validity of the test method. The 
accuracy of the speaker as well as the sound level meter was likely too low to 
detect any real differences between these samples. It may work with samples with 
bigger differences between them. Further, the method doesn’t specify if a higher 
transmission loss is due to higher reflectance or higher dissipation.  

The sound absorption coefficient curve showed a usual pattern of low absorption 
in low frequencies and higher absorption in high frequencies. This is due to the 
highest sound absorption being made with materials with the thickness ¼ of the 
sound wave, which means that the thickness in this case is too thin for the biggest 
sound waves. 

The regression coefficients for the sound absorption coefficients showed that a 
higher percentage bicomponent fiber in the nonwoven top layer gave a better 
sound absorption coefficient, while having the opposite effect in higher 
frequencies. This means that the more dense structure made by higher fraction 
melted polyester in the top layer gives a positive effect in lower frequencies, 
which could mean that a micro porous structure is created with a higher 
percentage bicomponent fiber. Micro porous structure is positive for lower 
frequencies. 

The regression coefficients further showed that thickness gives a significant 
positive impact on the sound absorption coefficient on all frequencies above 160 
Hz. A fact that is well described in literature. 

It could further be noted that the regression coefficients for 100 and 125 Hz were 
not significant, an indication of that these wave lengths are difficult to get reliable 
values on. A possible reason why the transmission loss values in low frequency 
were scattered. 
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5 CONCLUSION 
The sample characterization and adhesion strength tests showed that samples had 
the right constitution; the manufacturing gave expected result. The adhesion 
strength was higher with increasing amount of bicomponent fiber in the 
nonwoven top layer, although it can not be said that it is needed for the end 
product. The testing of air-flow permeability gave unreliable results which were 
not possible to compare with other test results, possibly a different method needs 
to be used. 

Testing of the acoustic properties of the samples showed that the graphs of 
transmission loss and sound absorption coefficient had no correlation. From the 
graphs of only the TL the sound absorption could not be determined. The sound 
absorption coefficient varies with frequency being tested and increases with 
thicker distance used in compression molding. A higher bicomponent precentage 
caused a higher sound absorption in frequencies below 400 Hz but more reflection 
in frequencies above 800 Hz.  

The choice of bicomponent percentage thereby decides which frequencies the 
material will be best at absorbing. However, since it can be seen in the curve that 
differencies between samples are relatively small, the choice of bicomponent 
percentage may be more dependent on the adhesion strength wanted for end 
product. Finally, as expected, a thicker nonwoven bulk is recommended for all 
frequencies. 

5.1 FUTURE RESEARCH 
In order to compare the manufacturing method of using bicomponent fiber as the 
adhesive instead of hot melt adhesive, a product should be produced that can be 
compared; with same material, density and surface weight. The adhesion strength 
needed for the end product could also be further investigated. The product needs 
to be made with equipments used in today’s manufacturing of sound absorbing 
panels to see how high percentage is needed for a stable end product. The effect of 
bicomponent percentage in frequencies above 1600 Hz could also be investigated. 

Transmission loss method could be further developed using speaker and 
microphone with better accuracy as well as fine tuning the placements of the 
microphone and possibly use two microphones; one before and one after sample. 

It is important to note that tests in reverberation room method gives a more reality 
based result compared to tests made in impedance tubes, why the sample 
variations in this report could be further investigated with bigger samples – 
possibly absorption panels made in equipment used in today’s manufacturing. 
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APPENDIX 1 – RESULT TABLES   
Table 2 Thicknesses in millimeter of sample variations. Shows average value in bold and standard 
deviation beneath. 

 

 

Table 3 Adhesion strength in N/m. Shows average value in bold and standard deviation beneath. 

Percentage Bicomponent 

Distance  
 

20% 40% 60% 80% 

5 mm 50,85 
5,99 

63,30 
12,61 

114,85 
7,60 

146,25 
13,51 

5,5 mm 31,65 
4,68 

 
 

87,60 
5,01 

 
 

6 mm 22,05 
3,92 

 
 

106,30 
11,84 

 
 

6,5 mm 36,65 
5,06 

32,00 
4,20 

96,00 
6,02 

109,80 
3,47 

 

 

Table 4 Results of Air-Flow Permeability test. Average value is shown in bold with standard deviation 
below. Values are shown in mm/s. 

Percentage Bicomponent 
 

Distance  20% 
 

40% 
 

60% 
 

80% 
 

5 mm 140,5 
1 

138 
11,20 

127,75 
10,08 

120 
8,16 

5,5 mm 143 
2,31 

  
  

131,5 
2,38 

  
  

6 mm 142,5 
12,58 

  
  

140,5 
16,36 

  
  

6,5 mm 145 
12,91 

155,0 
10,00 

131,5 
14,36 

135 
5,77 

 

Percentage Bicomponent 

Distance  20% 
 

40% 
 

60% 
 

80% 
 

5 mm 12,53 
0,79 

13,44 
1,09 

11,5 
0,89 

11,79 
0,61 

5,5 mm 14,21 
0,43 

  
  

13,39 
0,64 

  
  

6 mm 14,32 
1,00 

  
  

13,3 
0,54 

  
  

6,5 mm 14,92 
1,11 

14,78 
0,31 

13,71 
1,07 

14,87 
0,74 
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APPENDIX 2 – REGRESSION COEFFICIENTS 

 

Figure 30 Regression Coefficients for 100 Hz. 

 

Figure 31 Regression Coefficients for 125 Hz. 
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Figure 32 Regression Coefficients for 160 Hz. 

 

Figure 33 Regression Coefficients for 200 Hz. 
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Figure 34 Regression Coefficients for 250 Hz 

 

Figure 35 Regression Coefficients for 315 Hz. 
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Figure 36 Regression Coefficients for 400 Hz. 

 

Figure 37 Regression Coefficients for 500 Hz. 
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Figure 38 Regression Coefficients for 630 Hz. 

 

Figure 39 Regression Coefficients for 800 Hz. 
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Figure 40 Regression Coefficients for 1000 Hz. 

 

Figure 41 Regression Coefficients for 1250 Hz. 
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Figure 42 Regression Coefficients for 1600 Hz. 

 

 

 


