N
N

N

HAL

open science

On measurement of mechanical properties of sound
absorbing materials

Nicolas Dauchez, Manuel Etchessahar, Sohbi Sahraoui

» To cite this version:

Nicolas Dauchez, Manuel Etchessahar, Sohbi Sahraoui. On measurement of mechanical properties
of sound absorbing materials. 2nd Biot Conference on Poromechanics, Aug 2002, Grenoble, France.

pp.1-4. hal-00331372

HAL Id: hal-00331372
https://hal.science/hal-00331372
Submitted on 16 Oct 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00331372
https://hal.archives-ouvertes.fr

2" Biot Conferencen Poromechanics August 26-28, 2002 — Grenoble, France

On measurement of mechanical properties of sousdrbimg materials

N. DAUCHEZ
Centre de Transfert de Technologie du Mans (CTThnopole Université, 72000, Le Mans, France

M. ETCHESSAHAR & S. SAHRAOUI
Laboratoire d'Acoustique de I'Université du MaidMR CNRS 6613), Avenue Olivier Messiaen, 7208B/&mes Cedex 9, France

ABSTRACT: This paper is an overview of quasistatieasurement technique used to determine mechanimaérties of sound
absorbing materials. Experimental context and bielawf polymer foam and rock wool are summariz8dncerning parameters
are: static and dynamic strains, dynamic effecth ss skeleton resonance and coupling with sabgr#iiid. Material anisotropy
and frequency dependance of characteristics apeadidressed. It is shown that this technique i$ suitled for usual material up to
100 Hz. Restrictions occurs for thin samples ofy\@gh air flow resistivity and for fibrous matelritat do not exhibit a linear be-

haviour with static strain.

1 INTRODUCTION

Measurement of the mechanical properties of solnsdrbing
materials such as plastic foams and glass woolsteren to
be complex due to frequency and dynamic strain ridgueces
(Pritz 1986, Pritz 1994). This paper deals with hasdcal re-
sponse of such materials in function of static atydamic
strains and frequency, in order to specify suitabiperimental
conditions. Anisotropy and validity of quasistatigpothesis
are discussed.

2 DESCRIPTION OF THE MEASUREMENT SET-UP

Measurement of mechanical properties of sound abspma-
terials described by Biot theory is performed usinguasistatic
set-up (Sahraoui et al. 2001a).

The measurement set-up is depicted on figure i$.bdased
on small amplitude sinusoidal compression of a cydzrous
sample between two rigid plates. In order to indheecontact
between the sample and the moving plate, sampétightly
strained. Then controlled amplitude harmonic exiditais per-
formed by a shaker. The quasistatic frequency rangee-
stricted to frequencies which are far below th@nasice of the
sample, typically from 1 Hz to 100 Hz. In this |dvequency
range, inertial and viscous coupling with the a#& aeglected.

Applied force F (&) , longitudinal displacemertt, () of
the moving plate, and displacements at the cerftrdateral

facesU; (&), Uy (&) are monitored as function of frequency

(Figure 1). Three transfer functions are computed:

K(w) = UF((‘;))

is a longitudinal stiffness and
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Figure 1. Mechanical properties measurement set-up.

Calibration of measurement set-up is performedkdic)
function by measuring frequency response of a eafss spring
of known stiffness and mass. Its damping is assuméa 1%.
Compensation of spring dynamic response is effediter 10
Hz.

Calibration for T (&) function is performed by a simulta-
neous measurement of moving plate displacement difi b
transducers.

3 CHARACTERISATION OF ACOUSTICAL POROUS
MATERIALS

The influence of experimental parameters is stud@dtwo
representative acoustical porous materials: a pefyisam and
a rock wool. Acoustical parameters, according totBillard
theory (Allard 1993), are given in table 1. Sarsgee 40 mm
thick cubes.

Table 1. Acoustic parameters of tested materials.

Material  Porosity  Resistivity Tortuosity  Density
N.s.m* kg.m?®

Polymer 0.97 165 000 18 39.5

foam

Rock 0.98 16 500 11 21

wool
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3.1 Influence of static and dynamic strain amplitude

Sample stiffness is studied as a function of s@ti@and dy-
namic€, strains, so that imposed strain is

Et) =¢&,+¢&4sin(at). 3)

First, the influence of the amplitude of dynamicast is
studied. Measurement is performed at 100 Hz fdaticsstrain
of 2%. Figure 2 shows results for polymer foam yggquares):
stiffness and loss factor are constant under 0.08y#@mic
strain. Then stiffness decreases and loss factoeases. The
same behaviour is observed on figure 3 for rock Iwdbis
confirms Pritz work (Pritz 1986, Pritz 1994) thagémions non
linearity past 0.05 %.

The influence of the amplitude of static straimawv stud-
ied. Measurement is performed at 100 Hz for 0.03#tachic
strain. Figure 2 shows results for polymer foanagklcircles).
First, stiffness increases quickly with static aitople, as long
as surface cells, damaged by cutting, are compeSdeen
stiffness reaches a plateau, corresponding toritgesone: re-
lated value is considered to be the actual stifrefsmaterial.
For higher amplitudes, stiffness decreases dueutkling of
cells. In the same way, loss factor first decresmed then
reaches a stable value considered as actual matssdgactor.

Figure 3 shows a different behaviour for fibroustenial.
Stiffness always increases without reaching a staalue, due
to collapsing of fibres. No clear tendency is olkedrfor loss
factor. No linearity zone can be found.

Measurement of stiffness and loss factor are peddrus-
ing a dynamic strain less than 0.05 %. For polyfoam, static
strain is increasing step by step in order to rdedarity zone.
This procedure is repeated for every sample. Foodis mate-
rial, measurement is performed using a staticrstaaiclose as
possible to use conditions.
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Figure 2. Influence of dynamic (at static strai@%) and static
strain (at dynamic strain = 0.02%) on measurednsts and
loss factor of polymer foam.
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Figure 3. Influence of dynamic (at static strainl2%) and
static strain (at dynamic strain = 0.085%) on mezgstiffness
and loss factor of rock wool.

3.2 Anisotropy

In order to analyse anisotropy of porous materielic sam-

ples are tested. By positioning the sample accgrttireach di-
rection, three tripletd (&), T(a), T'(a) are determined.
If the three triplets are identical anb(a)=T'(&) for each

direction, the tested material is isotropic. Oniythese condi-
tions, Young’s modulus and Poisson’s ratio can détertnined.

For a sample of base surfa®8and thickness, they are related
to functions of Poisson’s ratiah, h(v) andg(v) by

T(«) =9(v), 4
E(a) (1-v) S/L
h(v) '

These functions can be computed using a finite efesncode.
They are presented in figure 4 for a cubic sample.
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Figure 4.h(v) andg() functions.

Measurements performed at LAUM show that polymer

foams are anisotropic in most cases (Melon et @8} Iso-
tropic law is then no more suitable. Axisymmetrilzal/ is usu-
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ally assumed, but much more complicated to implemeéar
usual applications, Dauchez et al. show that ipiatréaw can
give good results (Dauchez et al. 2000): a pseudany’'s
modulus and a pseudo Poisson’s ratio are determfireed
transfer functions measured in the direction cqmoesing to
actual use of material.

3.3 Frequency dependance of characteristics

Frequency dependance of Young's modulus and ladsrfaf
polymer foams have been studied by various autfieriz
1994, Mariez et al. 1997, Sfaoui 1995).

Figure 5 and 6 present experimental results foarisot-
ropic polymer foam. It is shown that frequency degances
are the same for each direction. Poisson’s ratieasand con-
stant with frequency. These results confirm stmatunodel
prediction (Sahraoui et al. 2001b): Poisson’s ratity depends
on the microstructure of material, whereas Youngdulus
and loss factor also depends on polymer charatitstis
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Figure 5. Longitudinal and transversal Young's moduand
loss factors of polymer foam.
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Figure 6. Poisson’s ratios of polymer foam.

Fibrous materials have most of fibres parallelhte mate-
rial plane. Poisson’s ratio, determined from normampres-
sion of material, is then close to zero (Sided.etl871) and no
frequency dependant. Measurement of Young’s modahg
loss factor in the normal direction is presentefigare 7: they
are not frequency dependant, as observed by Piiiz (1986).
This result is valid only if fibres are not bindity a polymer
agent.
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Figure 7. Young's modulus and loss factor of rockolv
(Shaded part corresponds to improper data duestdficient
transducer sensitivity).

3.4 Validity of quasistatic hypothesis

Quasistatic hypothesis are: dynamic influence eletbn iner-
tia and influence of saturating fluid can be netgld over the
whole frequency range 1 Hz-100 Hz. These hypotheses
verified using a finite element code with porodlagtiements
(Panneton et al. 1997). The experimental conditenessimu-
lated by: a clamped solid plate used as force seassquare
base § = 50 mmx 50 mm) porous sample of thicknelssa
moving solid plate. Porous sample characteristies porosity
0.98, resistivity 1® to 10 Nsmi*, tortuosity 1.3, density 30
kg.m®, Young's modulus 100 kPa, loss factor 0.1, Poisson
ratio 0.3, thickness 10 mm or 50 mm. Boundary cion are
: no transversal displacement of skeleton in cantdth the
plates, free displacement of the fluid and skelettsewhere.
Fluid in the porous media is not loaded by extefiugd.

Figures 8 and 9 present predicted stiffness, nazedhlto
base surfac& and thickness$, for several air flow resistivities
and for two thicknesses. Dynamic effect is showrinigiaon
real part and for thicker sample after 100 Hz: naedtal im-
pedance decreases near sample first resonancelir@oeifect
with fluid can be shown after 10 Hz for strong sésities
higher than 1ONms*. Effect on real part corresponds to added
stiffness, and effect on imaginary part correspottdsidded
damping. This latter effect comes to lower freques.c

For common materials and cubic samples, quasistgtic
pothesis is valid. Special care has to be takethiarand very
resistive materials. This fact is confirmed by aaswwement

3
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performed on a fibrous sample: diameter 44 mmktigss 8.5

mm, resistivity 240 kNsifi Figure 10 shows a sharp increasing

loss factor after 10 Hz and of Young’s modulus rafi@ Hz.
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Figure 8. Predicted stiffnesk (c) for several air flow resis-
tivities (Nsmi*) of 50 mm thick porous sample.
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Figure 9. Predicted stiffnesk (c) for several air flow resis-
tivities (Nsm*) of 10 mm thick porous sample.
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Figure 10. Measured Young’'s modulus and loss facftd8.5
mm thick fibrous material.

4 CONCLUSION

This paper addresses the measurement of mechamnaadr-
ties of acoustical porous materials by quasistathod. It is
shown that this technique is well suited for comnmoaterial
up to 100 Hz. Restrictions occurs for thin samplegery high
air flow resistivity and for fibrous material thdd not exhibit a
linear behaviour with static strain.

In order to get properties at higher frequenciese ttem-
perature principle is being used for polymer fogEhessa-
har et al. 2002).
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