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Abstract: - In this paper different type of acoustical materials, like absorptive barrier materials, silencers,
damping treatments and vibration isolators will be described and compared. The influence of the structure
and way of placement on the degree of sound absorption will be highlighted. The materials used in this
study are made by the author from pine sawdust and polyurethane binder.
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1. INTRODUCTION

A working knowledge of acoustical materials is
essential for the practicing noise control engineer.
Without this knowledge, cost-effective control of
noise becomes more a matter of chance than of
intelligent design.

In this paper will be described and compared
different type of acoustical materials, like and
absorptive barrier materials, silencers, damping
treatments and vibration isolators.

The major characteristics for each of these
categories are summarized in table 1.

The first three categories function is to absorb or
attenuate airborne sound waves. In other words,
some vibrating object in contact with a medium has
created sound waves whose propagation through the
medium is to be minimized.

The last category function— vibration isolation- is
to minimize the transmission of shaking forces into a
floor or other solid structure. This force, if not
attenuated, can cause vibration of the structure and
consequent widespread generation of sound waves.

Table 1 Materials and structures for noise control [1]
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The fourth category function—- damping
treatments - is to reduce the amplitudes of resonant
vibrations that generate airborne sound and or to
minimize the transfer of vibratory energy at panel
edges or attachment points to adjoining structural
elements.

2. ABSORPTIVE MATERIALS

The function of absorptive materials is to
transform impinging acoustic energy into heat.
Because the energy contained in sound waves is
normally very small, the quantity of heat generated
is also small.

The two mechanisms by which energy is
dissipated are [1, 2, 3]:

— Viscous-flow losses. An effective
absorber structure consists of a series of
interconnected pores or voids, by means of which
sound waves propagate into and through the
structure.

— Internal friction. Some absorptive
materials have resilient fibrous or porous structures
that are compressed or flexed by sound wave
propagation. In these structures, dissipation occurs
not only from viscous-flow losses but also from the
internal friction of the material itself.

The absorptive characteristics of acoustical
materials are determined to a large extent by the
pore or void size, interconnections between pores or
voids, and material thickness. The acoustical
impedance at the materials surface and at various
frequencies and angles of incidence is probably the
best descriptor of the relationship between material
properties and dissipation of acoustic energy.

The absorption coefficient can be calculated with
the following equation [4]:

a =1—\R2\ (1)
In which:
R Wref (2)
W

inc

R- the reflection factor,
Wret - the reflected acoustic energy,
Winc - the incident acoustic power.

3. EXPERIMENTAL

Materials and sample preparation

Pine sawdust with density p=0.035 g/cm® was
used for making the materials. Sawdust was divided
into grain fractions and sawdust with size over 4 mm

and humidity of 10.4% was used for making
materials included in this study.

In making the materials there was used

commercial a polyurethane binder Neukadur PU
131, produced by Altropol
Stockelsdorf.

Two plates were made sized 400x200x40 mm
from pine sawdust with different percentage of 20%
and respectively 30% binder.

Kunststoff GmbH,

o e —

Figure 1. Materials used in this study

In figure 1 are the representations of the two
types of materials used to study the influence of the

binder percentage on the sound absorption
coefficient.
Sound absorption measurement

Two-microphone Kundt tube is applied to

measure the normal incident absorption coefficient.

The method of determining a (Normal Incidence
Sound Absorption coefficient) is described in ASTM
E 1050 and ISO 10532 by using the Transfer
Function between two microphones surface mounted
at two or more locations along the wall of a tube,
that is a cylinder with a test sample holder at one end
and a sound source at the other. The tube is straight
and it’s inside surface are very smooth, nonporous,
and free of dust to maintain low sound attenuation.

Massive construction allows sound transmission
through the tube walls negligible.

The working frequency range is defined by
fi(lower frequency) depending of microphones
spacing and over all accuracy of the analysis system,
and f,(upper frequency) depending of tube diameter.
To measure in a wide frequency range, from 50 Hz
to 6.3 kHz is necessary to use two tubes of different
diameter, typically 0.1 and 0.028 m diameter, with
several microphones positions to achieve the best
possible precision.
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In figure 2 are presented the material samples
prepared for determining the sound absorption
coefficient.

Figure 2. Photographs of the test samples

4. RESULTS AND DISCUSSION

The purpose of the tests was to emphasize the
influence of the structure and the way of placement
of sound absorbing materials on the sound
absorption coefficient.

Using a different percentage of binder, 20% in
the case of material M1, respectively 30% for
material M2 we obtained two materials with
different structures.
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Figure 3. Absorption coefficients of composite materials
M1 and M2

In figure 3 we can observe the influence of the
binder percentage on the sound absorption
coefficient.

The absorption coefficient for M1 and M2 in low
frequency range is pretty small, only around the
frequency of 600 Hz the coefficient begins to have
values over 0.4. In the high frequency range (630-
5000 Hz) we can notice very good sound absorbing
properties.

An improvement of the absorption coefficient
can be observed for material M2 over M1 on
frequency ranges 125-1000 Hz and 1600-3150 Hz.

While on the 3150-6300 Hz we observe that material
M1 has better properties.

Material M1 has values over 0.9 of its absorption
coefficient for the frequency range 3150-6300 Hz
and values over 0.7 for 800-1250 Hz.

Material M2 has the sound absorption coefficient
over 0.9 in the frequency range 2500-3150 Hz and
over 0.8 for 630-800 Hz and 3150-6300 Hz.

There is an overlap of sound absorption
coefficients for the two materials in the range of
6300-8000 Hz, followed by a continuous increase up
to 10 kHz.

In figure 4 it’s represented the influence of the
placement of the material on the absorption
coefficient.

Absorption Coefficient, %
£

Frequency, Hz

Figure 4 Acoustic absorption coefficients of materials
M2 with and without air space 20 mm

From the figure we can see that at frequencies
lower than 125 Hz and bigger than 5 kHz, the sound
absorption coefficient is the same if the material is
fixed on a rigid wall, but also if the material is fixed
at a distance of 20 mm from the rigid wall.

On frequency ranges 150-630 Hz and 1250 -3150
Hz we can observe a considerable increase of the
absorption coefficient if between the wall and the
material there is a 20 mm air space.

A decrease of the sound absorption coefficient
can be observed if the material is mounted at a
distance of 20 mm from the case when the material
is mounted directly on a rigid support, this can be
observed in ranges 630-1250 Hz and 2500-3150 Hz.

At a frequency of 2 kHz the absorption
coefficient of the material mounted at a distance of
20 mm from the rigid support reaches a maximum
value of 0.97.

However, indicating the sound properties of
materials using the a-values at different frequency
ranges would be complex as it involved calculations
over several frequencies. To solve this problem, the
ability of material to absorb sound can be indicated
using one single value so called the noise reduction
coefficient (NRC). The NRC can be calculated using
the following equation [5]:
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NRC = (“250 + g0 + Aygop T Xyggo )/4 3)

Results from the calculation shown in Figure 5.
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Figure 5 Noise reduction coefficients
5. CONCLUSIONS

Obtaining a soundproofing material out of wood
wastes with good characteristics, at a low price and
with as little impact on the environment as possible
is a step in waste reduction.

Materials made from pine sawdust and
polyurethane binder have a small sound absorption
coefficient for low frequencies and a high sound
absorption coefficient for high frequencies.

The maximum value of the sound absorption
coefficient for the materials is: 0.93 for M1 at the
frequency of 4 kHz, 0.937 for M2 at 3.14 kHz and

0.97 for M2 at a distance of 20 mm from the rigid
support and at a frequency of 2 kHz.

This type of materials can be used in making
some sandwich type panels to reduce noise. They
can be mounted in conference rooms, in
amphitheaters, in industrial halls, on freeways, on
working sites, etc. But they can also be used stand-
alone for phonic isolation of housing and other
buildings.
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