WD 2006/ 108363 PCT/ CZ2006/ 000017 1 Layered sound absorptive non-woven
fabric Technical field The invention relates to the | ayered sound
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especially ﬁgﬁyﬁﬁructures based on resonance principle are used, when
t hrough resonance of sone elenents the acoustic energy is being
transferred into a thernmal energy. Neverthel ess these structures are
absorbing the sounds at a certain | ow frequency, while for other 25

frequenciesgits absorbing is very little. The conbinations of perforated
panel , absMri al and possibly the air gaps are being used. The
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surroundings from the point of view of undesired and harmful sound. The
proposal itself of a suitable acoustic material is based on frequency area of an

undesired sound in the given surroundings.

For absorbing of high frequency sound especially the porous materials are

15 used which are nevertheless unsuitable for absorbing of sound of lower
frequencies, this especially due to great material thickness needed. Such used
materials include for example the melamine, polyurethane and metal foams or
non-woven fabrics of mineral or polymeric fibres. Such materials are not so much
suitable for absorbing of sound of lower frequencies, as a great material

20 thickness is needed.

To absorb the low frequencies, especially the structures based on
resonance principle are used, when through resonance of some elements the
acoustic energy is being transferred into a thermal energy. Nevertheless these
structures are absorbing the sounds at a certain low frequency, while for other

25 frequencies its absorbing is very little. The combinations of perforated panel,
absorptive material and possibly the air gaps are being used. The characteristics
of perforated panel is given by number, diameter and arrangement of gaps.

The general objective is to combine the above mentioned characteristics
into one acoustic system, which would be able to absorb both the sound of low
30 as well as the sound of high frequencies.



30 as wel|l as the sound of high frequencies. WO 2006/ 108363
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absorbing of sound of medium frequencies, namely from 1000 to 4000 Hz.

The objective of the invention is to eliminate or at least to minimise the
15 disadvantages of present state of the art and to create a fabric capable at low
thickness to absorb both the low as well as the high frequencies of sound.

The principle of invention

The objective of the invention has been achieved by a layered sound
20  absorptive non-woven fabric containing the resonance membrane and at least
one another layer of fibrous material, whose principle consists in that the
resonance membrane is formed by a layer of nanofibres of diameter to 600
nanometers and of surface weight 0,1 to 5 g/mz, when the resonance membrane
together with at least one layer of fibrous material is formed by means of cross

25 laying to the required thickness and surface weight.

At the same time it is advantageous if the layer of nanofibres is created
through the electrostatic spinning of polymer solution, as such layer of nanofibres
may be applied on the substrate layer of fibrous material during spinning, and
joined with this layer consequently.



may be applied on the substrate |ayer of fibrous material during spinning,
and joined with this [ayer consequently. W 2006/ 108363 PCT/ CZ2006/ 000017
3 The substrate |ayer of fibrous material is, according to the claimS3,
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Description of the drawing

15 The examples of invention execution are schematically shown on the
enclosed drawings, where the Fig. 1 shows the cross section of fabric made of
carded fibrous web and a nanofibre layer, the Fig.2 the cross section of fabric
made of carded fibrous web, a nanofibre layer and another layer of carded
fibrous web, the Fig.3 shows the cross section of fabric made of layer of carded

20 fibrous web, a nanofibre layer and a couple of another layers of carded fibrous
web, the Fig. 4 the cross section of fabric made of layer of carded fibrous web, a
nanonfibre layer and a trio of layers of carded fibrous web, the Fig. 5 to 11 show
the dependence of coefficient of sound absorption capacity on the sound
frequency and surface weight of the nanofibre layer itself for examples 1 to 7.

25

Examples of embodiment

The layered sound absorptive non-woven fabric according to Fig. 1
contains the resonance membrane created by a layer 2 of nanofibres of diameter
to 600 nanometers produced through electrostatic spinning and of surface weight

30 of 0,1.’[0 5 g/m?, and a layer 1 of carded fibrous web, when in the advantageous



The | ayered sound absorptive non woven fabric according to Fig. | contains
t he resonance nenbrane created by a |l ayer 2 of nanofibres of dianmeter to
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membrane vibrating at the low frequency. This character is given by the nano-

15 dimensions of space among the fibres. If a sound wave falls to the acoustic
resonance membrane, it brings it to the forced vibration, whose amplitude is
maximum in case of resonance, simultaneously the neighbouring layers 1, 3 of
carded fibrous web provide for a sufficient damping of the vibrating membrane, at
the same time the maximum quantity of the sound energy gathered in the

20 resonator is transferred into a heat. The layer 1 and/or 3 of the carded fibrous
web provides not only for a sufficient damping of vibrating membrane created by
a layer 2 of nanofibres, but also absorbs the sounds of higher frequencies. The
above mentioned layers 1, 2, 3 are at the same time associated into one

1
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resonance system through laying of individual layers 1, 2, 3 one on another and
25 through their joining for example in the hot-air bonding chamber. Through this
laying of resonance elements, such a material is being produced which, thanks to
the resonance membrane created by the layer 2 of nanofibres, absorbs the
sound of low frequencies and simultaneously through the layer 1 and/or 3 of the
carded fibrous web, also the sound of higher frequencies. The fabric according to
30 the invention reaches high values of coefficient of sound absorption capacity for

the sounds of low as well as of high frequency, simultaneously it is possible to



resonance system through laying of individual layers 1 one on_anot her
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produced whi ch, thanks to the resonance menbr ane creat ed by the | ayer 2 of
nanofi bres, absorbs the sound of |ow frequencies and sinultaneously

t hrough the layer 1 and/or 3 of the carde@ fibrous web, also the sound of
hi gher frequencies. The fabric according to 30 the invention reaches high
val ues of cordjesiciteert materiabutiickaessr pod opossiblicitsy sudace tweighbundyadeus ow
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execution of_sou bsor.ptive fabr ording to the invention are
descri bed |&%or£gg%<§wﬁgeqtlowe§gﬁﬁﬁb%cﬁ@wt ive fabric contains a layer 1
of carded fibrous web of surface weight of 11 gn2 produced on the carding

machi ne of the bicomponent fibre of the core-coating type conposed of the
pol yester coF¥@MRE The 10 copol yester coating of the count 5,3 dtex. The
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fabric may contain the [ayer nanofi bres with surface weight i'n_the
range from 2fgmnofibtes there Is posmoned another layer 3 of the carded fibrous web. The
basic fabric is then created according fo Fig. 2 and consequently formed by
15 means of cross laying into the sound absorptive fabric of total thickness of 25
mm and surface weight of 630gm™. The sound absorptive fabric passes through
the hot-air chamber at the temperature of circulating air of 140 °C, through which
the neighbouring layers are joined mutually. This sound absorptive fabric may
contain the layer 2 of nanofibres with surface weight in the range from 2 gm? to
20 0,1gm?2
The Fig. 5 shows the dependence of coefficient of sound absorption
capacity on the sound frequency and surface weight of the layer 2 of nanofibres
itself for the sound absorptive fabric according to the example 1, at the same time
the curve N1 expresses this dependence for the layer 2 of nanofibres with
25 surface weight of 2 gm?, the curve N2 for the layer 2 of nanofibres with surface
weight of 1 gm™, the curve N3 for the layer 2 of nanofibres with surface weight of
0,5 gm™, the curve N4 for the layer 2 of nanofibres with surface weight of 0,3 gm
2 and the curve N5 for the layer 2 of nanofibres with surface weight of 0,1 gm'z.
The curve P expresses this dependence for a fabric containing only a layer of -
30 carded fibrous web, i.e. without using the layer 2 of nanofibres. From the course
of individual curves it is possible to select composition of sound absorptive fabric

according to actual needs of the issue being solved.



20 0,1 gn2. The Fig. 5 shows the dependence of coefficient of sound
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The dependence of coefficient of sound absorption capacity on the sound
frequency and surface weight of the layer 2 of nanofibres itself for the fabric
15 according to the example 2 is shown in Fig. 6, at the same time the curve J3
expresses this dependence for layer 2 of nanofibres with surface weight of 0,5
gm?, the curve J4 for layer 2 of nanofibres with surface weight of 0,3 gm™ and

the curve J5 for the layer 2 of nanofibres with surface weight of 0,1 gm.

20 Example 3

The sound absorptive fabric is produced in the same manner as in
example 1, when the layer 2 of nanofibres with surface weight from 2 to 0,1 gm™
is applied on the basic layer 1 of carded fibrous web through the electrostatic
spinning. On such a pair of layers 1, 2 prepared in this manner, there is

25  positioned another layer 3 of carded fibrous web from the side of the layer 2 of
nanofibres. The fabric is then created according to the Fig. 2 and consequently
formed through the cross laying into the sound absorptive fabric with the total
thickness of 35 mm and surface weight of 630 gm™, after which it is heat treated
in the same manner as in the example 1.



expresses this dependence for |ayer 2 of nanofibres with surface weight of
0,5 gnR, the curve J4 for layer 2 of nanofibres with surface weight of 0,3
gm2 and the curve J5 for the layer 2 of nanofibres with surface wei ght of
0,1 gm 2WQeUoElaH#Ht e 3 The sound absorptive fabric is pPEHELAWShe sane
manner as in exanple 1, when the layer 2 of nanofibres with surface wei ght
from2 to 0,1 gn2 is applied on the basic layer 1 of carded fibrous web
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in this manner, there is 25 positioned another |ayer 3 of carded fi brous
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fabric is produced in the sane manner as in exanple 1, when the layer 2 of
nanofi bres wth surface weight from2 to 0,1 gm2 15 is applied on the
basi c | ayegExample cprded fibrous web through the el ectrostatic
The sound absorptive fabric is produced in the same manner as in
example 1, when the layer 2 of nanofibres with surface weight from 2 to 0,1 gm™
15 is applied on the basic layer 1 of carded fibrous web through the electrostatic
spinning. On such a pair of layers 1, 2 prepared in this manner, there are
positioned another two layers 3 of carded fibrous web from the side of the layer 2
of nanofibres. The fabric is then created according to Fig. 3. The fabric created in
this manner is further formed by means of cross laying into the sound absorptive
20 fabric of the total thickness of 35 mm and the surface weight of 630 gm™. The
fabric created in this manner is subject to the heat treatment, the same as in the
example 1.
The Fig. 8 shows the dependence of coefficient of sound absorption
capacity on the sound frequency and surface weight of the layer 2 of nanofibres
25 itself for the sound absorptive fabric according to the example 4, at the same time
the curve PP1 expresses this dependence for layer 2 of nanofibres with surface
weight of 2 gm?, the curve PP2 for layer 2 of nanofibres with surface weight of
1 gm?, the curve PP3 for layer 2 of nanofibres with surface weight of 0,5 gm™,
the curve PP4 for layer 2 of nanofibres with surface weight of 0,3 gm™ and the
30 curve PPS5 for layer 2 of nanofibres with surface weight of 0,1 gm™.



spinning. On such a pair of layers 1, 2 prepared in this manner, there are
positioned another two | ayers 3 of carded fibrous web fromthe side of the
| ayer 2 of nanoflbres The fabric is then created according to F|(I:| 3. The
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into the sound absorptive 20 fabric of the total thickness of 35 nmm and the
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t ot al th| cbamsawhtﬂéemglw1wth t he surface wei ght of 10 630 gnR2. The
fabric created in this nmanner is subject to the heat treatnent, the sane
as in the exanple 1. The Fig. 9 shows the dependence of coefficient of

sound absor pti ohe FEa® sHoRE thaedepernkE eauepstiicRAf oTUsdire ap8aghbn of the
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capacity on the sound frequency and surface weight of the layer 2 of nanofibres
15 itself for fabric according to the example 5, at the same time the curve PPP2
expresses this dependence for layer 2 of nanofibres with surface weight of 1 gm’
2. the curve PPP3 for layer 2 of nanofibres with surface weight of 0,5 gm™ and

the curve PPP4 for layer 2 of nanofibres with surface weight of 0,3 gm™.

20 Example 6
The sound absorptive fabric is produced in the same manner as in
example 1, when the layer 2 of nanofibres with surface weight from 2 to 0,1 gm™
is applied on the basic layer 1 of carded fibrous web through the electrostatic
spinning. On such a pair of layers 1, 2 prepared in this manner, there are
25 positioned another two layers 3 of carded fibrous web from the side of the layer 2
of nanofibres. The fabric is then created according to the Fig. 3 and further
formed by means of cross laying into the sound absorptive fabric of the total
thickness of 35 mm and with the surface weight of 450 gm™, after which it is
subject to the heat treatment, the same as in the example 1. |
30 The Fig. 10 shows the dependence of coefficient of sound absorption
capacity on the sound frequency and surface weight of the layer 2 itself of
nanofibres for the sound absorptive fabric according to the example 6, at the



15 itself for fabric according to the exanple 5, at the sane tinme the curve
PPP2 expresses thi s dependence for |ayer 2 of nanofibres with surface

wei ght of 8’ 2, the curve PPP3 for layer 2 of nanofibres with surface
wei ght ofW@286gM833 and the curve PPP4 for layer 2 of nBRHGZBIGLHT h
surface weight of 0,3 gm2. 20 Exanple 6 The sound absorptive fabric is
produced in the sanme manner as in exanple 1, when the |ayer 2 of

nanofi bres with surface weight from2 to ©,1 gm2 is applied on the basic
layer 1 of carded fibrous web through the electrostatic spinning. On such

a pair of |gwed simb 11 BiRRPPY dxPrddaks thRdWiendehes fotl§er dfosdriofibrsed

another two layers 3 of carded fibrous web fromthe side of the |layer 2 of

nanof i br es wntrheurfeqerwelghtomem G they cenye R farilayeri2ooh nanofibips Withald3Ge t her

formed by t
toral thi SRS UB° e AR R U afoRALR Wik el B %‘2?
\gg | % E | tF i 0, ? gmfh ethe duove n@mmadnayer eamfrnmto]{"l]lcotdsevvmalserfase weight ©f &Ggpie

e Fig. shows t ende t of b t
capaci t§ oPreHBS SR PEBRIALY SAEM I PERO SR OREE IR EFQ@&%".LZQH of
nanofi bres for the sound absorptive fabric according to the exanple 6, at

the WO 2006/ 108363 PCT/ CZ2006/ 000017 9 same tine the curve PPl expresses
this dependo¥@mplecf | ayer 2 of nanofibres with surface weight of 2 gn2,

the curve PP2 fafl gg&g? %@or@éoﬁéﬁ?rc ts%vﬁsréglf fiRGRe %?hhaﬂﬁeﬂ a&glr? ht he

curve PP3 for |ayer nanot 1 bres w ace wel g
curve PP4 famanipiqérm&neofthaﬁw‘r@aohsamﬂbfe%mtlﬂ aue‘amM@mhtéﬂon@ZSOgﬂﬁ Em% and

thecurePPSf r af nanofi hre it 2.
el A0 Tharege st Pasie BIoL o Hedd SBisLhBE At loR e Ccielhdutdt® 2|
exanpl e 1, spdiing.hon auen 2 pair Gﬁﬁﬁ}fer@rﬁsz vmrebamdr fradids wabginer, fther are 00,1
gm2 10 is applled on the basic |ay

f _carded fibr hthe
el ect r ost atRastiOEd ANQEherdnres layers i)ﬂ??argf" ifiRjRusweb fr?”bﬂ@p%f&e(?ﬁ
manner, thej g fhfofibres. The fabric is then created according to the Fig. 4. The fabnc is

then created according to the Fig. 4 and further formed by means of cross laying

15 into the sound absorptive fabric of the total thickness of 35 mm and with the
surface weight of 450 gm?, after which it is subject to the heat treatment, in the
same manner as in the example 1.

The Fig. 11 shows the dependence of coefficient of sound absorption

capacity on the sound frequency and surface weight of the layer 2 itself of
20 nanofibres for the sound absorptive fabric according to the example 7, at the

same time the curve PPP1 expresses this dependence for the layer 2 of

nanofibres with surface weight of 2 gm?, the curve PPP2 for layer 2 of

nanofibres with surface weight of 1 gm™, the curve PPP3 for layer 2 of nanofibres

with surface weight of 0,5 gm™ and the curve PPP4 for layer 2 of nanofibres with
25  surface weight of 0,3 gm™.

The above mentioned examples of usage are illustrative only and the
invention relates as well to the sound absorptive fabrics containing layers of
carded fibrous web of other surface weights and/or composed from other fibres
and also to other surface weights, selected as need may be, of nanofibre layers.

30 In no way the invention is limited to the described number of layers of sound
absorptive fabric. The shown dependencies of coefficient of sound absorption
capacity on sound frequency and the surface weight of the nanofibre layer itself



posi ti oned another three |ayers 3 of carded fibrous web fromthe side of
the layer 2 of nanofibres. The fabric is then created according to the
Fig. 4. The fabric is then created according to the Fig. 4 and further
fornmed byYPeWdo%e3 cross laying 15 into the sound absorg?T@@QWEQWW&7of t he
total thickness of 35 mmand wth the surface weight of 450 gnR, after
which it is subject to the heat treatnent, in the sanme manner as in the
exanple 1. The Fig. 11 shows the dependeh@e of coefficient of sound
absorption capacity on the sound frequency and surface wei ght of the |ayer
2 itsF| f7obrové0a mmmémhiq‘aabéarﬁﬁmeaﬁwtléy)gofiﬂheofabtid: meccfna!igjrg tbdmecinveht'rm, ]E o the
exanple 7, at t sang time t rve expresses this. dependence,for
The T ayer ' 890708l oihe: wEa%; ob S0Hr 1o Q000 HEn N e ROSTIGRTR L punbPpy
for layer ghediptiGteeasddmySarist idnboe BGRangight of 1 gm 2, the curve PPP3
for layer 2 of nanofibrés wth surface weight of 0,5 gm2 and the curve
PPP4 for |ayer 2 of nanofibres with 25 surface weight of 0,3 gnR. The
above nt | : : usage are illustrative only and the invention
ngnt | n??é?@k&%x@fx p

rel ates as we e SO absorptive fabrics containing | ayers of
carded fi brous Viebinventiomér applichblecsspecigiy at thedproducenspd sednd abeorptivesr

fibres angd .also to other surface ights..selected as need may be, of
nanof  br o e 20c Sasadenss i ATFRORIR dh4tsR: POIfeenamag Ry BRGH, bed
nunber of hayer sombaf@Rith tABSrepshtvstaleabf tie akhie cohsitBrabaP Rigiones ae of
coefficient of sound absorption capacity on sound frequency and the

surface wehygiengpf sweounsings iprtae palere qf eodindesired 80108363

PCT/ CZ¢§06/ 000017 10 prove a high sound absorption capacity of the fabric
according to the invention, especially in the areas of 500 to 6000 Hz,
when the coefficient of sound absorption capacity varies fromO0,8 to
nearly 1. 5 Industrial applicability The invention is applicable especially
at the producers of sound absorptive |I|ining and conmponents for autonotive,
avi ation, building and nachi nery industry,



and if conpared with the present state of the art it considerably inproves
the hygiene of surroundings in the sphere of an undesired sound. 10 11
CLAIM5S 1. The | ayered sound absorptiveiinon-woven textile containing the
resonance nenbrane and at | east one another |ayer of fibrous material,
characterised by that 5 the resonance nenbrane is created by a |layer (2)
of nanofibres of diameter to 600 narGl®MS8 s and of surface weight 0,1 to 5
g/n2 created by electrostatic spinning, while dinensions of spaces anong
fibres of the layer of nanofibres are of nanodi nensions, wherein the
resonance nmenbrane vibrates at |ow frequencies (from500 to 6000 Hz) 10

whil e the anotfere |gy&ed douhd HbebmiBBhivAbveraE @E coffaitiigni@sbhance
resonance nenbrane and for absorbi ng sounds of higher frequencies. 2. The

| ayered %ﬁ%ﬂr %Hdgétj %gstfogerarrotﬁ&qwéﬁd@abmstmsteﬁb@icnhaacteﬁm pyitAkE sed by

t hat the layer nanofibres 1s created through electrostatic spinning
he cPai g Tesilidrl membring S dliF o BpEI) Y EhBrEE of AR eesI ] T8 ©
i bres nAATRE AP ATLP Sass FHops O hiCpaAny SPEEd o AR sGRARG P01 ¢
3. 20" A UPPERR P, ARRCHoN EMTeRorB(eS) Ob1 PRalUP T eBar by (i 8h i ts
each side with a layer (1, 3) of carded fibrous web created by fibres

havi ng dinanedenensionsgWwherels ni croneters and of surface weight 5 to
100g/ nR2. 5. The | d d ab ti - textil di t
g e layered sound absorptive non-woven textile aﬁﬁ@ﬁyiﬁ%g o any

of the previ dhe resenanse reembeanecyibratas ahiowfrrauensiesddgmasid
together with 25 another at |east one |layer (1, 3) of fibrous material is
f or ne® bywhiteatise eothesskyeayf fiprous anatedak getvem or dayeing heyrefgnanes
requi red thickness and/ or surface weight.
membrane and for absorbing sounds of higher frequencies.

2. The layered sound absorptive fabric according to the claim 1,
characterised by that the layer (2) of nanofibres is created through electrostatic
spinning of polymer solution.

15 3. The layered sound absorptive fabric according to the claim 2,
characterised by that the layer (2) of nanofibres is joined together with at least one
layer (1, 3) of carded fibrous web composed of fibres having diameter of 10 to 45
micrometers and of the surface weight 5 to 100g/m>.

4. The layered sound absorptive fabric according to the claim 3,

20 characterised by that the layer (2) of nanofibres is joined on its each side with a
layer (1, 3) of carded fibrous web created by fibres having diameter of 10 to 45
micrometers and of surface weight 5 to 100g/m?.

5. The layered sound absorptive non-woven textile according to any of the
previous claims, characterised by that the resonance membrane together with

25 another at least one layer (1, 3) of fibrous material is formed by means of cross

laying into the system of layers having the required thickness and/or surface weight.



