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Abstract ,

Study of the sound attenuation by means of Ksnitbe measurements (in the frequency
range of 16 to 6300 Hz) as well as the vibratiompiag (in the frequency range of 50 to

2500 Hz) are related with the structural materterecteristics such as mechanical tensile
modulus, free voids volume and porosity. Effectttidé mutual sandwich combination of

selected materials interconnected by suitable mgndigents or by simple mechanical

contacts will be judged with respect to the trarssinin of the whole structural element.

Obtained experimental results of both acousticqerénce and vibration damping will be

generalized by means of empirical equations and kel interconnected with selected

material mechanical and geometrical characteristics

INTRODUCTION

Mechanical vibrations and noise belong in many £asenegative effects of our life
(for example in transportatidn industry, aeronautics or domestic appliarfces)
Therefore, it is necessary to reduce mechanicalatidns and noise to increase
comfort and security in the applicatforThis is possible to be done by application of
suitable materials with good damping and sound+#lrsp properties Porous
materials belong in general to materials capabtevibration damping and sound
absorption applications. Studies of the polyuregh@PUR) acoustic performance in
the ultrasonic fields were done in early 80s byugrof Volkova et al>®, where the
strong effect of the crystalline content of the mxabn acoustic properties was found.

The purpose of this work is to investigate damparyd sound-absorbing
properties of selected polyurethane material aed thutual sandwich combinations.
There were used single types of polyurethane nadgeof different thicknesses for
the investigation.
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THEORY

The porosityp of a porous material is defined as the ratio efiblume of the voids
V,in a porous material to the total volumg:V

¢:§émoq [ =[%], [V] =[m’] 0

m
The Hooke’s law describes material behaviour in Hrea of elastic

deformations at static loading. The stress-strairve is linear in this case. The
Young’s modulus of elasticity E is the ratio of #teess to the straire:

E =%; [E] =[MPal, [0] =[MPa], [£] =[-] )

For viscoelastic materials at dynamic loading, tiedulus is represented by a
complex quantity. The real component of this compmlaantity (storage modulus or
Young’s modulus of elasticity, Erelates to the elastic behaviour of materials and
defines the material’s stiffness. The imaginary ponent (loss modulus, Erelates
to the viscous behaviour of materials and defites tability of energy dissipation.
Using the Hooke’s law, the complex modulus of @agtE is defined as:

E'=E +i[E ; (3)

The loss facton is defined as the ratio of the loss modulus to Yloeing's
modulus of elasticity:

=5 = (a)

Damping properties of materials at dynamic loadarg expressed by the
transfer function D:

D =20Eﬂog%; [D] =[dB], [a] =[m[$™"] (5)
where: |l = excitation acceleration amplitude

|a|] = exit acceleration amplitude
The sound absorption coefficient is given by the ratio of the absorbed
acoustic output o the general incident acoustic outpgit P
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a=— [a]=[-].[P]=[W] (6)

EXPERIMENTAL

Materials

For investigation of vibration damping and soundebing properties four types of
porous polyurethane materials were used. The paessnef the polyurethane
materials (commercially available samples purchasemn Gumotex (Czech
Republic)) are given in Table 1. From the individoaaterial types the combination
of two layer sandwich structures (bonded/non-bohdeste prepared and tested. This
allowed study the effect of the layer order andkhess of the materials constituents
on the final sandwich composition mechanical arabatcal performance.

Table 1 — Basic material parameters of polyuretharserials

Material Material Density Thickness
designation Type [kgmh?] [mm]
P1 N2529 25 13
P2 N2529 25 21
P3 N2529 25 28
Z1 2550 25 10
z2 2550 25 16
Z3 2550 25 29
M1 2500 25 12
M2 2500 25 19
M3 2500 25 29
C1 CRHM 36 12
C2 CRHM 36 19
C3 CRHM 36 30

M easurement M ethods

Porosity measurements were performed by the metbbdair-exhaust from
polyurethane samples that were submerged in waler.voids volume and porosity
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were proportional to the water mass in studied $eshp

Tensile testing was performed on Instron type l1i@asile test machine.
Samples were in the form of the dog-bone of 150Iemgth.

Complex modulus of elasticity and damping measurgsnerere performed on
two- channel signal analyzer Bruel & Kjeer type 2084combination with vibrator
exciter B&K 4810 in the frequency range of 50 t®@Q%z.

Sound absorption coefficient measurements wereopeed on two-channel
signal analyzer Briel & Kjeer type 2034 in combioatwith Impedance tube B&K
4206 in the frequency range of 16 to 6300 Hz.

All measurements were performed at the ambient ¢éeatpre (22C).

RESULTSAND DISCUSSION

The aim of this study was to compare the basic mr@chl and vibro-acoustical
characteristics of the latter materials with respecheir porosity, rigidity and sample
thickness. For that reason the set of commercaaifylable samples were tested. The
total volume of data thus generated exceeds theespailable for the presentation in
these proceedings. That is why only selected eaunét offered in this paper.

In Fig. 1 are shown results of the frequency depeod of the sound absorption
coefficient of basic sandwich constituents. Here tblear difference of the
performance is clearly visible, where with incregsthe sample thickness, the sound
absorption increases, what is in agreement withthikeretical predictiofs°. With
increasing elasticity of the PUR macromolecularimhgor decreasing permanent
deformation) the increasing sound absorption wasdo The maximum sound
absorption was varying from 2800 Hz up to 5000 Badunction of sample rigidity
reaching the relatively low maximum of the soundaption coefficient of 0.7.

In Fig. 2 are shown results of the sandwich contlona. Here the best acoustic
performance was found for the combination of the tsamples of the lowest
permanent deformation, i.e. the ones with the lagké&sticity. The improvement in
the maximum sound absorption was found (around 8t382quencies close to 6000
Hz) while the similar increase was obtained alsohim frequency range of 2000 to
3000 Hz @imax ranges from 0.75 to 0.85).

In Fig. 3 are shown results of the frequency depeod of the damping. The
first resonance frequency was shifting to the higliequencies with decreasing
sample thickness and the increasing sample elgstidhe maximum damping was
found for the most elastic samples (Sample M1),\aad found to be around 60 dB
in the frequency range of 1000 to 2500 Hz.
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Frequency dependence of sound absorption coefi
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Figure 1. Frequency dependence of the sound alisarpbefficient of basic materials used
for the sandwich structure composition (for sampbrking see Table 1).
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Figure 2. Frequency dependence of the sound abiearpbefficient as obtained for tested
sandwich structure articles (for sample marking $able 1).
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Frequency dependence of vibration dam|
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Figure 3. Frequency dependence of the damping sitlmaterials used for the sandwich
structure composition (for sample marking see Téble
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Figure 4. Frequency dependence of the real and inaayg parts of the dynamic modulus of
elasticity for tested sandwich structure articlés Gample marking see Table 1).
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Frequency dependence of loss fa
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Figure 5. Frequency dependence of the loss faotaiekted sandwich structure articles (for
sample marking see Table 1).

Results of the complex modulus of elasticity freqryedependences are shown
in Fig. 4. Here the clear fact was found, thattilghest modulus as well as the energy
dissipation was found for the combination of thenpke of the highest rigidity
(sample C1+Z1) at the pulse entrance side. Theebigtotal dissipation was found
for the combination of sandwich C1+P1, i.e. the glanmof medium rigidity. With
increasing softness of the macromolecular chahes)dss factor is shifting to higher
frequencies, while the total dissipative abilitEases (Fig. 5).

SUMMARY

It was found in this study, that the synergistientnation of the chemical structure
variations with respect to the matrix mechanicgidity, porosity, damping layer
thickness and their mutual combination in the cwmsion of the sandwich like
damping articles is allowing selective tuning of tound absorption maxima and the
vibration damping in such a way, which is enhanarigtal energy dissipation of the
system to be maximum.
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