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Noise and vibrations are physical factors, the impact of which on the employee may negatively affect their health. 
Therefore, it is extremely important to effectively reduce the negative impact of these factors by implementing solutions 
that reduce the risk. In the article the possibility of using selected porous materials (layer systems) in the frequency 
range from f = 100 Hz to f = 2500 Hz, is presented. In order to assess the suitability of the application of the developed 
layer system, tests were carried out to determine the physical sound absorption coefficient (Kundt's tube), as well as to 
assess the effectiveness of vibration damping by polyurethane materials in the form of a layer system. It was found that 
the developed layer system can be used to reduce vibrations and noise. The developed layer system was characterized 
by the desired sound absorption properties αfśr > 0.6, in addition to damping efficiency above 50%, especially in the 
range of f = 315 Hz - 2500 Hz. The developed layered system took into account the frequency ranges characterized by 
the highest αf values (f = 1000-2500 Hz) as well as the effectiveness, aimed at a permanent reduction in physical factors 
(noise, vibrations) in the case of design solutions focused on limiting the negative impact of these factors on employees' 
health. 
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INTRODUCTION 
 

The issue of reducing the negative impact of 
noise and vibration is an important issue for both 
employers and employees. Effective protection 
comes down to eliminating sources of noise or vi-
bration in the work environment. In the literature 
on the issue of reducing noise and vibrations in the 
work environment, attention is paid to technical, 
legal, organizational and administrative means 
and methods [1–2]. This study analyzes technical 
methods relating to the possibility of using polyu-
rethane materials to protect workers against noise 
and vibrations. 

Vibrations are physical phenomena character-
ized by alternating movements of material points 
relative to the state of equilibrium, propagating in 

gaseous, liquid and solid media. The concept of 
vibration in the literature is sometimes put on an 
equal footing with the concept of oscillations and 
is defined as vibrations occurring in mechanical 
systems that have a harmful effect on the structure, 
people or the environment [1, 3, 4]. Vibrations 
constitute a nuisance or harmful hazard that ap-
pears in most industrial processes. The sources of 
mechanical vibrations in industry are most often 
various machines [5]. 

Mechanical vibrations penetrate from the 
source to the elements of the employee's body who 
are in constant contact with the vibrating elements 
of devices, machines or entire structures. The im-
pact of vibrations on the human body depends on 
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several aspects, i.e. the values of the basic param-
eters characterizing vibrations – frequency, speed 
acceleration, course; the time of exposure to vibra-
tions and the direction of their action; the place 
and method of transmitting vibrations to the hu-
man body and the positions in which they are per-
ceived; the individual psychophysiological char-
acteristics of the employee; the current state of 
physical and mental health [3, 6]. 

In order to minimize the undesirable impact of 
mechanical vibrations on people during work, the 
following methods of counteracting vibrations are 
most often employed: preventing the causes of vi-
brations, modifying workstations, or damping vi-
brations. [4, 7–9].  

Vibration damping is a physical phenomenon 
whose essence is the dissipation of mechanical  
energy. Internal damping in metals, which are  
the main sources of vibrations, is insignificant 
[10–12]. Therefore, in order to reduce vibration 
emission, it is recommended to use additional 
damping layers (single or layered). Thanks to this, 
the amplitude of vibration displacements is re-
duced, free vibrations disappear more quickly and 
the waves propagating in the elastic elements are 
damped. Recommended damping layers include: 
organic glass, polymers, felt, rubber, elastomers 
and various bituminous materials. For these mate-
rials to fulfill their purpose, they must have the fol-
lowing properties: a low specific weight, non-
flammability, durability, high damping ability,  
a lack of corrosive activity, and low hygroscopic-
ity, [1, 2, 13–15]. 

Vibration dampening structures in the form of 
plates are made of a number of materials. The 
most commonly used ones are shown in Fig. 1. 

 

Fig. 1. Materials used to build sound-absorbing and vibration-ab-
sorbing structures 

In order to effectively reduce the acceleration 
of mechanical vibrations, plates, mats and layered 
structures made of various materials are recom-
mended as the best technical solutions [16–18]. 
Moreover, additional surface layers are also used, 
having protective, aesthetic or insulating func-
tions. The most common supporting materials in 
the construction of layered systems are: 
• aluminum foil designed to protect against dirt, 

high temperature, grease, liquids and mechan-
ical damage. Aluminum foil is sometimes re-
inforced with e.g. glass fiber  

• carbon nonwoven fabric that protects the main 
material against moisture 

• fabrics, utilized only for decorative purposes, 
by adding additional properties, e.g. mechani-
cal 

• synthetic leather with damping and protective 
properties 

• glass, creating a layer with a high light reflec-
tion coefficient, stable enough to use the ma-
terial as additional acoustic insulation [13, 
15]. 
Adhesive is also an auxiliary or additional 

layer in damping layer systems. Depending on the 
glued material, manufacturer and additional re-
quirements, e.g. fire resistance, increased system 
stiffness, waterproofness, etc., among others, 
acrylic, methacrylic, cyanoacrylate, epoxy, anaer-
obic, polyurethane or polymer glue can be used 
[13, 19–24]. 

Many commercially available layered struc-
tures and innovative composites are being tested 
on a laboratory scale. These include, among oth-
ers: glass-epoxy, steel-polyurethane, metal-poly-
styrene, cotton-phenolic, chipboard-polyisocy-
anurate, resin-based composites, glass-silicone, 
gypsum-polyurethane, cotton-melamine, glass-
melamine, glass-polyester, cork-based boards, 
boards reinforced with various natural fibers, etc. 
[2, 13, 16–18, 25–36].  

Table 1 presents an overview of materials with 
sound-absorbing properties. The physical quantity 
enabling the description of these properties was 
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physical sound absorption coefficient α, which de-
scribes the degree of sound absorption by the te-
sted material. It is determined by means of the 
standing wave method [37] or the reverberation 
method in so-called reverberation chambers [2, 
36]. αf coefficient values range from 0 to 1. The 
higher the αf coefficient value, the better the mate-
rial's ability to absorb sound [38]. For the purposes 
of the study, an analysis was carried out, which in-
cluded a review of materials employed in noise 

protection, for which the physical sound ab-
sorption coefficient was determined (as the adop-
ted analysis criterion). The materials for which the 
physical sound absorption coefficient was deter-
mined were granular and granulated materials 
[38–40], honeycomb-structured materials [41], fi-
brous and textile materials [42–49], composite 
materials [50–52], wood materials [53–56] and 
polyurethane materials [57].  

 

Table 1. Materials used in noise protection 

Authors, year of publication Journal Materials subjected to sound-absorbing tests 

Sikora, J. (2007) [38] 

Technical Journal – Mechanics. Krakow 
University of Technology Publishing 

House 

Granular materials: polypropylene, polystyrene, ex-
panded clay, quartz sand 

Turkierwicz, (2007) [41] Honeycomb material 

Turkiewicz, J.; Sikora, J. (2009) 
[42]  

Fibrous materials: uncombed fibers, combed fibers, 
fine wood chips, bark, mineral wool 

Ducourneau, J.; Planeau, V.; 
Chatillon, J.; Nejade, A. (2009) 

[43] 
Applied Acoustics Mineral wool, glass wool 

Turkiewicz, J.; Sikora, J. (2011) 

[50] 

Technical Journal – Mechanics. Krakow 
University of Technology Publishing 

House 

Composite materials – expanded clay concrete 
(granulate) 

Na, Y.; Agnhage, T.; Cho, G. 
(2012) [44] Fibers and Polymers Textile materials, microfiber knits 

Fudalej, P.; Najduchowska, M.; 
Pichnirczyk, P. (2014) [39] 

Works of the Institute of Ceramics and 
Building Materials Glass-crystalline aggregate 

Bratu, M.; Dumitrescu, O.; Vasile, 
O.; Constantin, A.; Muntean, M.; 

(2014) [51] 
Romanian Journal of Materials 

Polymer composites: formaldehyde resin – ground 
glass waste, formaldehyde resin –- wood waste, for-

maldehyde resin – polypropylene waste 

Berardi U., Iannace G. (2015) [53] Building and Environment Materials such as: kenaf, hemp, coconut, cork, reed, 
wood, cardboard and sheep's wool 

Małysa, T.; Nowacki, K.; Wieczo-
rek, J. (2016) [57] Composites Theory and Practice Polyurethane materials (foams and layer systems) 

Nandanwar A., Kiran M.C., Vara-
darajulu K.CH. (2017) [54] Open Journal of Acoustics Fiberboard 

Dunne, R.; Desai, D.; Sadiku, R. 
(2017) [45] Acoustics Australia Fiber materials: coconut, kenaf, hemp, sheep wool 

Zunaidi, N.H. et al., (2017) [46] Journal of Physics: Conference Series Natural fibers: kenaf fiber, rice straw fiber 

Berardi, U.; Iannace, G. (2017) 
[55] Applied Acoustics 

Materials include: wood, hemp, coconut, straw and 
reed, single animal fiber, sheep wool, recycled 

cardboard, granulated cork and kenaf 
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Authors, year of publication Journal Materials subjected to sound-absorbing tests 

Mamtaz, H., Fouladi, M.H., et al. 
(2017) [52] Applied Acoustics Fiber-granular composite 

Oancea, I.; Bujoreanu, C.; 
Budescu, M., et al. (2018) [40] Journal of Cleaner Production 

Recycled materials, including polystyrene pellets, 
PET pellets, recycled corn cobs, sunflower stalks, 

and sheep wool balls 
Zhang, J.; Shen, Y.; Jiang, B.; Li, 

Y. (2018) [47] Aerospace Natural fiber – linen, balsa wood (layered systems) 

Tudor, E. M.; Dettendorfer A., et 
al. (2020) [56] Polymers Spruce and larch bark 

Yang, T.; Hu, L.; Xiong, X., et al. 
(2020) [48] Sustainability 

Glass fiber, sisal fiber, sugar cane, coconut fiber, 
sugar cane + resin, flax + polyester, hemp fiber, 

pineapple leaf fiber, kapok fiber 
Jeon, J.H.; Yang, S.S.; Kang, Y.J., 

(2020) [49] Applied Acoustics Polyester fiber felt (PET) – layered systems 

 

MATERIALS AND METHOD 

Polyurethane materials – characteristics of  
the material being the subject of the study 

Due to their porous structure, a wide group of 
polymer materials is utilized in the construction of 
solutions that reduce noise and vibration in the 
working environment. The properties of poly-
meric materials, which include polyurethane ma-
terials, depend on the conditions of their produc-
tion in technological processes and are produced 
as flexible, rigid and integral foams [58, 59].  

Polyurethane materials, which are the subject 
of this study, belong to the group of polymeric ma-
terials and are defined as materials that are not 
plastics, but polymers with a different composi-
tion and structure. Polyurethanes may contain es-
ter, urethane or urea groups, depending on the type 
of raw materials used and the reaction conditions. 
Their physical properties are diverse, as they are 
on the border between elastomers and plastomers. 
They are known primarily as flexible foams of 
various densities, construction materials, paints, 
adhesives, and elasticizing agents employed for 
other plastics as fibers [58]. 

Polyurethane foams are widely used in many 
industries, including for the construction of solu-
tions that reduce physical factors such as vibra-
tions and noise. Flexible foams are obtained from 
linear or slightly branched polyesters or polyeth-
ers. Among them, soft foams are characterized by 
open pores and, under the influence of pressure, 
show low resistance to deformation. Flexible 

foams can be produced in the form of plates, 
blocks or shapes [58, 60]. Rigid foams are most 
often obtained from a polyol with a high degree of 
branching. Depending on the application, flame 
retardant components are also added [58]. Rigid 
foams, on the other hand, are characterized by 
high resistance to deformation under the influence 
of pressure; their main property is low thermal 
conductivity owing to gases located in closed 
pores [1, 36]. Because of their diversity, the 
above-mentioned materials can be employed in  
a wide range, i.e. from applications in household 
appliances [61] to solutions implemented in noise 
protection [57]. 

Testing sound-absorbing properties 

When assessing the suitability of the material 
for the construction of solutions reducing noise 
and vibrations in the work environment, tests were 
carried out to determine the physical sound ab-
sorption coefficient αf. The sound absorption 
properties were tested by measuring the physical 
sound absorption coefficient αf by means of  
the standing wave method in accordance with  
ISO 10534-1:2001 [37]. The measurement of the 
physical sound absorption coefficient was carried 
out in a so-called Kundt tube. The measuring de-
vice consists of a long smooth tube to which  
a loudspeaker is attached, and at the other end of 
the tube the material is placed, which is subjected 
to testing. Inside there is a thin, sliding connected 
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tube, which is connected to a microphone. This 
system is a probe that allows the pressures in the 
nodes and arrows of the standing wave to be de-
termined [1, 36, 37]. If we assume that there is no 
significant attenuation of sound waves in the pipe, 
then based on the measurements of the acoustic 
pressures at the shot (pmax) and the node (pmin) of 
the standing wave, which are proportional to the 
voltage value on the microphone amplifier, the 
sound absorption coefficient can be determined 
with the mathematical relationship in Eq. 1 [1, 36]. 
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(1) 

where: pmax – max. sound pressure of a standing 
wave [Pa]; pmin – min.  sound pressure of a stand-
ing wave [Pa]; Umax –maximum voltage value read 
on the measuring amplifier [mV]; Umin – minimum 
voltage value read on the measuring amplifier 
[mV]. 

The physical sound absorption coefficient was 
tested for a layered system consisting of two pol-
yurethane foams with an apparent density of  
220 kg/m3 and the thickness of each foam creating 
a layered system of 20 mm. The polyurethane 
foams were joined with a layer of one-component 
adhesive designed to join polyurethane materials. 
In order to carry out the tests in an impedance tube, 
samples corresponding to the diameters of imped-
ance tubes, i.e. 30 mm and 100 mm, were pre-
pared. For the prepared layered system, αf was de-
termined in the range of f = 100 Hz – 2500 Hz 
(center frequencies 1/3 octave), and the resonance 
frequency was determined in the frequency range 
provided for in the tests. 

Mechanical vibration testing 
Mechanical vibration measurements were car-

ried out on a test stand, which was a steel cube-
shaped structure with the dimensions 500 x 500 mm 
(Fig. 3). In the structure, the four walls are a solid 
surface, while the two opposite sides are left 
empty. This structure provides direct access to 

each of the four walls of the cube, both for per-
forming vibration measurements and for attaching 
vibration damping systems. The structures were 
placed on an even and stable base, and all causes 
of measurement disturbances, including those re-
lated to the operation of the construction were 
eliminated. The entire structure stands on four 
steel legs with rubber vibration isolators. During 
the measurements, the vibration transducer (mag-
netic) was placed on the upper surface of the cube, 
at the intersection of the symmetry axis of the test 
stand. Mechanical vibrations were generated im-
pulsively by a steel weight (Fig. 2) hitting the side 
wall of the structure. 

 

Fig. 2. Diagram of testing station: 1 – steel cube, 2 – steel weight 
(vibration exciter), 3 – stand [authors’ own work] 

Vibration acceleration measurements were 
carried out for systems magnetically attached to 
the walls of the structure. A The arrangement of 
the systems is illustrated in Fig. 3. In the next step, 
the weight was released and measurements were 
made of the maximum acceleration of vibrations, 
the source of which was the steel weight hitting 
the wall. The measurement was carried out for  
10 seconds. 

 

Fig. 3. Arrangement of single- and multi-layer polyurethane systems 
[authors’ own work] 
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Measurements of the acceleration of mechani-
cal vibrations were made utilizing a four-channel, 
digital SVAN 958 meter. It enabled narrowband 
analysis and analysis in one-third octave bands. 
The measurements were carried out employing  
a three-axis acceleration transducer dedicated to 
measuring local and general vibrations in the work 
environment. The analysis of the measured values 
was performed in the SvanPC++ program, ver. 
3.2.8. Vibration acceleration values in the range of 
one-third octave frequencies from 100 to 2500 Hz 
were analyzed. For each frequency, the arithmetic 
mean of 10 measurements was determined.  

The vibration damping efficiency was deter-
mined according to Eq. 2. For comparative pur-
poses, the difference between the average of the 
measurement of vibration accelerations of the un-
loaded structure (without layer systems) and the 
average of the measurements of the loaded struc-
ture are presented. The statement “damping effec-
tiveness” should be understood as the percentage 
of reduction in vibration acceleration. 

𝑆𝑆𝑇𝑇𝑇𝑇 = (1 −  (𝑋𝑋𝑂𝑂𝑂𝑂𝑂𝑂 
𝑋𝑋𝑂𝑂𝐵𝐵𝐵𝐵

)) ∗ 100%               (2) 

where: STD – vibration damping efficiency; 
XOBC - arithmetic mean of the results of vibration 
acceleration measurements using a damping mat; 
XBEZ - arithmetic mean of vibration accelerations 
of the unloaded structure. 

The tested layer systems were mats made of 2 
and 3 layers of polyurethane foam, connected with 
a single-component adhesive constituting a sound-
insulating layer. In order to attach the systems to 
the steel structure, a 0.5 mm thick magnetic foil 
was attached to the adhesive. Therefore, for exam-
ple, the single-layer systems consisted of alternat-
ing layers of magnetic foil, glue and PU foam, 
while the three-layer systems consisted of mag-
netic foil, glue, foam, glue, foam, glue and PU 

foam. Post-foamed polyurethane foams with 
thicknesses of 20, 40 and 60 mm were utilized to 
construct the layer systems. The vibration attenu-
ation values were determined for the tested sam-
ples in the range of third octave bands from 100 to 
2500 Hz. 

RESULTS 

Mechanical vibration testing 
The results of vibration damping of the steel 

structure by systems consisting of one layer of 
foam with a thickness of 20, 40 and 60 mm are 
presented graphically in Figs. 4 and 5. The average 
values obtained for each of the samples with  
a thickness of 20 mm indicate that the damping of 
vibrations at the frequency of one-third octave 
bands 100 – 250 Hz is in the range of 32 – 44% 
(average 37.8%), while for the frequency 315 – 
2500 Hz it is in the range of 46 – 71% (average 
59.0%). In the case of the 4 cm thick foams, for 
frequencies of 100-160 Hz, the attenuation was in 
the range of 29 – 37% (average 34.3%), while for 
higher ones it was in the range of 36 – 66% (aver-
age 55.7%). Vibration damping by 60 mm thick 
foams was in the range of 50 – 70% (average 
62.3%), but in the case of this thickness there is  
a noticeable decrease in vibration damping prop-
erties with increasing frequency. The collective 
analysis of the results obtained for the three foam 
thicknesses, presented in Fig. 5, shows that there 
is a rising tendency in the damping capacity with 
an increase in the thickness of foams with a den-
sity of 220 g/cm3. 

The results of vibration damping of the steel 
structure by the single-, double- and three-layer 
systems with thicknesses of 20, 40 and 60 mm are 
presented graphically in Figs. 6 and 7. 
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Fig. 4. Vibration damping by 220 kg/m3 PU foams with thicknesses of 20, 40 and 60 mm in one-third bands of f = 100 – 2500 Hz 
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Fig. 5. Vibration damping by PU foams 220 kg/m3 with thicknesses of 20, 40 and 60 mm (f = 100 – 2500 Hz) 

 

The average values obtained for each of the 
single-layer samples are described above in the 
case of the samples with a thickness 20 mm. In the 
case of the two-layer systems for the frequencies 
of 100-160 Hz, the attenuation was in the range of 
25–43% (average 32.0%), while for higher fre-
quencies it was in the range of 55–79% (average 
65.4%). The damping of vibrations by the three-
layer systems at frequencies 100–125 Hz was in 

the range of 20–22% (average 21.0%), while for 
higher frequencies it was in the range of 25–74% 
(average 56.5%). The collective analysis of the re-
sults obtained for the layered systems of PU 
foams, presented in Fig. 7, indicates slight differ-
ences in the obtained results, with the best damp-
ing properties being characterized by the two-
layer systems.  
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Fig. 6. Vibration damping by single-, double- and three-layer systems of 220 kg/m3 PU foam with thicknesses of 20, 40 and 60 mm in one-

third bands f = 100 – 2500 Hz 

1 2 3

Layers, [-]

10

20

30

40

50

60

70

80

90

Su
pp

re
si

on
, [

%
]

 Median 
 25%-75% 
 Range of non-outliers 

 
Fig. 7. Vibration damping by single-, double- and three-layer systems of 220 kg/m3 PU foam with thicknesses of 20, 40 and 60 mm  

(f = 100 – 2500 Hz) 

 

Assessment of layered systems in terms of 
sound absorption properties 

The sound absorption properties were tested 
for a layered system, which was developed using 
20 mm thick PU foams with an apparent density 
of 220 kg/m3. The material sample prepared for 

testing was 40 mm thick, and a layer of polyure-
thane adhesive was placed between the foams, cre-
ating both an insulating layer and connecting both 
samples with each other. The material prepared in 
this way was tested to determine its sound absorp-
tion properties (αf).  
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A sample of the sandwich system,  was tested 
in an impedance tube in the frequency range  
f = 100 Hz – 2500 Hz. The resonance frequency 
was determined for the tested material sample, i.e. 

the frequency for which the tested sample showed 
the highest value of αf = 0.93 (f = 2500 Hz). The 
αf values in the 1/3 octave bands for the layered 
system are graphically presented in Fig. 8.  
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Fig. 8. Physical sound absorption coefficient values of 40 mm thick layered system in frequency range f = 100 Hz - 2500 Hz 

 

Based on the conducted tests, it was found that 
the tested layered system is characterized by 
sound-absorbing properties. The desired sound-
absorbing properties of the layered system are rec-
orded in the f range from 1000 Hz to 2500 Hz, 
where the αf values reach values above 0.6. There-
fore, especially in the range of these frequencies, 
it is recommended to use this layered system as  
a solution intended for the construction of anti-
noise solutions. 

DISCUSSION OF RESULTS 

A wide group of materials with sound-absorb-
ing properties are used in noise protection. Con-
ducted research [38-61] indicates the possibility of 
adapting materials that differ in structure, i.e. po-
rous, fibrous, honeycomb, and granular materials. 
The tested materials [38-61] were characterized by 

different values of the physical sound absorption 
coefficient (αf sr), which allowed them to be classi-
fied as acoustically useful materials in accordance 
with the literature assumptions of αf = 0.60. In the 
study, the analysis of the conducted research was 
supplemented with layered foam systems with an 
apparent density of 220 kg/m3. The developed lay-
ered system as an anti-noise solution can be im-
plemented in the frequency range of f = 1000 Hz 
to 2500 Hz, where α > 0.6. With the increase in 
frequency, in the case of the layered system, 
growth  in its sound-absorbing properties was rec-
orded. 

The vibration-insulating properties of materi-
als depend on their structure and thickness. The 
mechanical wave propagating in them at each in-
terface is dispersed due to multiple reflections, 
which in turn reduces its energy. The tests carried 
out on the single-layer systems made of PU foams 
with thicknesses of 20, 40 and 60 mm as well as 
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the 1, 2 and 3-layer systems have shown their use-
fulness in isolating vibrations propagating in steel 
structures. The studies have shown that in the 
range of low one-third octave frequencies (up to 
approx. 250 Hz), the effectiveness of vibration 
damping is relatively low (approx. 25%), while 60 
mm thick PU demonstrates satisfactory effective-
ness of mechanical vibration damping already in 
the above-mentioned frequency range. At one-
third octave frequencies of 315 Hz and higher, all 
the investigated layered systems have the ability 
to damp mechanical vibrations by more than 50%. 
In the case of the single-layer systems, it has been 
proven that their damping properties grow with in-
creasing thickness. In analyzing the damping 
properties of the 60 mm thick PU, it was found that 
they were 11 percentage points higher than those 
of the 20 mm thick PU and 9 percentage points 
higher than those of the 40 mm thick PU. The lay-
ered systems demonstrated 9 percentage points 
higher mechanical vibration damping properties 
than the single-layer system. However, in the case 
of the conducted analyses, no statistically signifi-
cant differences were recorded between the damp-
ing properties of the two- and three-layer systems. 

CONCLUSIONS 

The issue of protection against noise and vi-
brations is important when implementing tech-
nical solutions that limit the impact of these fac-
tors on the health of employees. The conducted re-
search allowed assessment of the usefulness of 
layered systems made of 20 mm thick foam mate-
rials, each layer with an apparent density of  
220 kg/m3. The developed layered system was as-
sessed in terms of its usefulness for the construc-
tion of solutions that limit noise in the range of  
f = 100 Hz – 2500 Hz. 

Based on the tests carried out in the Kundt's 
impedance tube, it was found that the desired 
sound absorption properties (α > 0.6) for the tested 
samples are recorded in the range of f = 1000 Hz 
2500 Hz. In the lower frequency range, the pre-
pared samples were characterized by fluctuations 
of the recorded αf values from αf = 0.15 (f = 100 Hz) 

to αf = 0.55 (f = 315 Hz). Above the frequency of 
f = 1000 Hz, a linear increase in the value of the 
physical coefficient was recorded. The resonance 
frequency for the tested samples was recorded at  
f = 2500 Hz, where αf = 0.93 (the highest value of 
the physical sound absorption coefficient). 

Based on the tests carried out on the test stand, 
it was found that the desired vibration insulation 
properties (damping above 50%) for the systems 
under consideration were recorded for resonance 
frequencies from 315 Hz to 2500 Hz. In the lower 
frequency range, the prepared samples had  
a damping capacity of about 25%. A rise in the vi-
bration insulation properties of the tested samples 
was also recorded with the increase in their thick-
ness, especially for the samples with the thickness 
of 60 mm. 

The conducted tests of sound-absorbing and 
vibration-insulating properties of the single- and 
multi-layer systems based on polyurethane foams 
have shown their suitability for industrial applica-
tions. In connection with the above, it can be stated 
that for frequencies from 1 kHz, the investigated 
materials have the desired properties in terms of 
both noise and vibration protection. 
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