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Abstract. The general framework of our research is the design of naykit components of high acoustic performance
(absorption and transmission loss). It mainly addressesraautic and automotive applications such as trimmed agel
panels. The use of heavy layers, which directly produce asraag control, is avoided in our investigations because
lightweight structures are desired. In this case, good@enfance is generally achieved by the use of poro-elastiertay
made of glass wool (or plastic foams). However, it must bécadtthat this material is not recyclable, which poses
environmental problems. As a complementary or alternaolation to the use of glass wool, an original research has
been carried out based on micro-resonators. Micro Helnth@sonators are put side by side to form a layer. The micro
perforations provide viscous energy dissipation of thegoing back and forth through the layer. A 3D novel Finite
Element (FE) formulation has been developed. It solveseatined form of the Navier-Stokes equation, which governs
the phenomenon. The FE formulation is presented and restdtsompared to analytical models and impedance tube
experiments. This type of system can be realized with reetlaih plates. It also shows itself interesting for extdrna
covering, where porous materials are not suitable due tarenmental and cleaning considerations. The main resuit ob
tained is that, in the medium to high frequency range, thdydital models have to be largely tuned to fit the experimlenta
data. At the contrary, the FE micro model of the resonatonai@e consistent. Therefore, the proposed FE approach
seems interesting to adjust analytical models when no &stavailable or to create homogenized components of larger
scale for meso or macro simulations. Next, we turn our aib@nb a recent investigation we have initiated: the acausti
analysis and Life Cycle Assessment (LCA) of automobile oneris made up of renewable materials. In this case, the
glass wool or foam layer is substituted by a porous materialt from natural fibers such as coconuts fiber, cotton or
sisal. The challenging questions of this cross-competewegtigation (acoustics and LCA) will conclude the paper.

Keywords: Noise reduction, FEM, micro-perforation, natural fiberCA.
1. INTRODUCTION

Our research is concerned with the design of acoustic itisgl@anels. Such panels are generally multi-layered
systems. The standard solution consists of i) the main nméchisstructure, ii) covered by poro-elastic acoustic absnt
materials, iii) with a thin air gap cutting the structurabxation from iv) the back covering structure. Transmission
and absorption problems are addressed in the field of aetiorzand automotive applications. In the past, we focused
our attention to the development of experimental devices rmamerical methods. Much work was devoted to poro-
elastic material which is the main acoustic component obtrstem. More recently, we turned our attention to innoeativ
solutions, such as, smart material, double porosity nalt@nid repetitive structures. In this paper, two originedlatives
to the use of classical poro-elastic materials are predente

o the use of distributed milli-metric resonators,

e the use of natural fibers based poro-elastic material idsiéalassical plastic foam or glass wool.
2. MILLI-RESONATORS OF HELMHOLTZ
2.1 Analytical models

The role of Helmholtz resonators or distributed Helmholganators, which consist of a set of acoustic cavities
put side by side with a perforated face, is generally wetthn. Each single resonator acts as a dynamic mass-spring
system, where the mass is relative to the quantity of airgytdinough the resonator orifice and the spring is relative to
compressibility of the cavity volume. The dissipative effecan take place in the cavity or in the output orifice. Hoavev
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for large scale resonators (for instance: characteristigth of 10cm for the cavity and 2 mm for the orifice hole), the
natural dissipation is poor and the natural response freyuemains in the low frequency domain (below 800Hz). A
common solution to increase the dissipation is putting diisg material inside the cavity.

A less common solution is the use of small size resonatorthidrcase, the cavity depth is reduced to a milli-metric
size (few millimeters). The natural resonant frequencghea the medium frequency range (1000, 2000 Hz) while high
dissipation phenomena take place in the resonator orifibe.Fig. 1 shows the analytical model we used. In particular,
the model is based on two modeling assumptions:

e a pore homogenization technique, as introduced by (Crarid#6; Stinson, 1991), considering the orifice as an
infinite cylindric tube and solving analytically a lineagid equation of Navier-Stokes equation with viscous and
thermal effects,

e orifice ending corrections, as introduced by (Sivian, 198§ard, 1953) which is more or less equivalent to an
artificial elongation of the length of the pore as considdsgdMelling, 1973; Dupont, 2003). The empirical
correction of (Fok, 1941), for close holes interactiongl& considered.
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Figure 1. Analitical model for milli-metric Helmholtz resators
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Figure 2. Finite Element model for milli-metric Helmholtzsonators
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A priori, the analytical model is only valid for 1D infinite bular orifices. For a finite size pores, the problem of
computing the damping (resistance) remains. Randebengd@®arg, 2000) for the study of slit orifice shapes uses a
2D numerical approach based on a Finite Difference methoainkhis, we have developed a novel 3D Finite Element
formulation. The Fig. 2 summarizes the equations and thati@mal formulation we use. A mixed pressure-displacetmen
formulation is suggested for solving the Navier-Stokesdirized equation of the problem. The implementation haga be
carried out using OpenCavok multi-physic FE code, our homagle software. Linear tetrahedron elements with pressure
and displacement unknowns are used. Note that the forranlediuld be coupled with air domains or vibrating structures
The latter could occur because the resonators (owing tbwelght consideration) are made of thin sidewalls.

2.3 Experiments and results

A set of experiments have been carried out. The Fig. 3 preglemexperimental setup which consists of an impedance
tube and two families of samples. The first family is compaseimicro-perforated plate of 2.5 mm thickness with 2mm
diameter holes representing 3.5 per cent of the plate surfelte second family is realized with the same plate (2.5mm
of thickness) but perforated with 1mm diameter holes cong8.5 per cent of the total area (note that the covering
percentage is the same indicator than the porosity). Negtsamples are placed in the impedance tube considering
different positions. The distance of the perforated platthe rigid ending of the tube represents the resonatorycadit
white noise is produced and the impedance at the perforééallpcation is measured. A two microphones technique is
used. From the impedance, the absorption curve is deduced.
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Figure 3. Experiment: Impedance tube and test specimens

The Fig. 4 presents the results obtained for the secondyafdamples. Five lengths of cavity, A, B, C, D and E are
considered from 4.5mm, the larger cavity, to 1.0mm, the Emnahvity. It should be noted than all resonators act in the
medium frequency range from 1000 to 1500Hz. The configunati, B and C produce an important absorption. Next,
calculations using the analytical model presented prelyds superimposed (blue curves). The results seem sztisja
However, to obtain them, it was needed to tune the model peteanR, from a factor 1.3 to 3.0 whereas all the correcting
factors had already been taken into account. Thereforepwelede that the analytical model which does work for large
size cavity (5cm for instance) presents weakness for miditric size cavities.

To validate the FE model a comparison is done with the amalythodel. The depth of the cavity is 1mm while the
orifice has a 2mm length and a 1mm diameter. Only the orificgtkenorrection is considered in the analytical model,
no supplementary adjustment on the viscosity or on thetegsis is introduced. For the numeric model, the cavity is
modeled as a volume of 10x10x1mm3. Fig. 5 shows the numeniadkl where the green part is the cavity, the tube is the
resonator orifice and the blue part is an artificial volumetlfigrexcitation domain. The numerical and analytical curves
see Fig. 5, show a good agreement.

It is clear that other comparison should be undertaken, itiqudar, confronting tests and the FE numerical sim-
ulations. Current development is concerned with the erdraeat of the proposed FE method because a tendency to
numerical locking was observed. For the present, the ceimiare the following:

¢ the analytical model which does work for large size caviggents weakness for milli-metric size cavities,

e the proposed FE formulation is able to model small size rasos.
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Figure 5. Absorption curves: Finite Element and analytiegdtulation comparison

3. NATURAL FIBERS COMPONENTS
3.1 Motivation

The industry has to reduce the environmental impacts ofd@dywcts in order to comply with more stringent regulations
and answer its customer’s demands. The Directive for EndfefVehicles, for instance, demands the reutilization and
valorization index of all vehicles in end-of life to be 85%rirass, in average per vehicle and per year in 2006 and in 2015
this index will need to be 95. As explained in the following@graph, natural fiber materials are attractive and aradyre
used for automotive mechanical parts. In this study, thed$as acoustical performance with the possible replacement
of poro-elastic plastic foams and glass-wool layers by nafiber based materials. These fibers are mainly available i
tropical regions. Brazil has potential to produce aboud@0 .ton/year of vegetable fibers (Alvesal., 2010) that can be
found natively or cultivated, for example: juta, sisal, bab (Campos, 2010), coconut (Soeiro, 2004), sugarcansfaga
(Luz et al, 2010), etc.

3.2 Case study

A significant number of vehicle models already feature radtfiber-reinforced polymers because of their major ad-
vantages, including lower weight, thermal and acoustialaton, and carbon dioxide neutrality due to the consuampti
of CO, during growth, Luzet al. (2010). For these polymers, processing temperatures dweed, energy consumption
is minimized, cycle times may be reduced by up to 25%, lesgrnadis used per unit volume due to the lower specific
weight of the natural fibre, shipping costs are lower due &ldhver weight and molds last longer due to less wear and
due to the less abrasive nature of the natural fibre. Infagestitiative have already been carried out. We may cite the
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Poema project which gave birth to the firm Poematec , locatdeara, (Poematec, 2010). This factory uses coconut
fibres in order to produce automobile pieces, gardeninglesti mattresses and blankets. In our reserach, the real cas
study consists in two types of acoustic panels for autorasltoduced by COPLAR, an industry located in Itu. These
panels, called front body panels, are located between thi@eicompartment and the passenger compartment. Simple
and double layered panels will be considered. The raw natefrthis product is basically scraps of fabric and ink. So,
the natural fiber used here is cotton fiber.

3.3 Preliminary results

As our research is driven by a global objective, the develamnof a methodology for parts analysis considering
jointly the environmental performances and the acousti@bier, we firstly devoted ourself to the identification dfthke
key features of the research. The following has been found:

e Analyzing the environmental impacts of parts made up of wetide materials and other materials during their
life cycle. This should be carried using the Life Cycle Asseent (LCA) methodology, (Schuhmacher, 2004;
Goedkoopet al, 2008), which is covered by ISO 14040 to 14044 standards SlimaPré® PhD software version
with Ecoinvent® database will be used for the LCA study.

e Introducing to the Uncertainty Theory in the environmemtadlysis focusing on the input data. Some sources of
uncertainties in LCA are: methodology, data quality, latlsite-specific data and data aggregation over different
spatial and temporal scales. The major cause is collectadrdtine inventory phase. Due to this fact, ISO standards
encourage practitioners to undertake uncertainty argal$si, qualitative and quantitative effects of uncertasitn
LCA will be taken into account. The software SimaPr&hD version ables users to addition uncertainties in their
analysis using Monte Carlo Method, Rubinstein and Kroe88&2 With thos software, it is possible to calculate
uncertainty in inventory results, run comparative unéetyeanalyses using advanced process coupled to sampling
techniques, and set uncertainty on parameters.

e Studying the acoustic behavior of these parts through sitiaus and experimental tests. The acoustic natural ma-
terial will be modeled as a porous material (Allard, 1993heTacoustic analysis will be made through Ca%ok
and TMTX® codes, (Lamary, 2010). The physical model has to be verifiedamlified due to the possible het-
erogeneity of the material. Characterization of the matéoiinput the model parameters will be needed. A set of
experiments in acoustics tubes and acoustics transntilgsibbms has to be carried out.

4. CONCLUSION

Two alternatives to the use of classical poro-elastic nedterere presented.

e Concerning the modeling of milli-resonators of Helmhol&nalytical models show weakness to reproduce the
experiments results without tuning the model parametdrs drawback is not present in the novel 3D formulation
we suggested. Therefore, the FE formulation should largatyribute to study such systems. Moreover, numerical
modeling apply to complex geometries which open perspetbifind optimized solutions.

e Concerning the use of natural fiber based poro-elastic matér new research is presented where the originality
lies in the measurement of the environmentimpact of thetsdesolution. Clearly, this question rises of importance
every day and will give us constraints in our technical depeient. A methodology mainly based of Life Cycle
Assessment (LCA) tools is adopted.
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