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is applied to a surface of a non-woven, fibrous
layer of material (12), to form a stratum of melted
fibers (14) having a density greater than that of
the remainder of the fibrous layer (12). The density
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MULTI-DENSITY SOUND ATTENUATING LAMINATES
AND METHODS OF MAKING SAME

~ FIELD OF THE INVENTION
The present invention relates generally to
acoustical insulation materials and, more particularly,
to acoustical insulation_materials utilized within

vehicles.

BACKGROUND OF THE INVENTION .
It is generally cbnsidered desirable to reduce
noises generéted from appliancee, and from within
buildings, vehicles, and the like. With respect to
vehicles, road noise, tlre n01se, engine noise, vehlcle

v1bratlons, etc , may pass through a vehlcle body and

into the passenger compartment.

It is generally considered des:.rable to reduce
the level of noise within a vehicle passenger
compartment. Noises, such as road noise, engine noise,
vibrations, etc., may be attenuated through the use of
various acoustically absofptive (or reflective)

materials. For example, sound attenuating materials are

.conventionally provided in conjunction with carpeting,

door panels, and headliners.

Various sound attenuating materials have been
developed for use in reducing noise levels within
passehger compartments of vehicles. For example, U.S.
Patent No. 4,851,283 to Hoitrop et al., proposes a
thermoformable laminate for use in headliners. The

headliner comprises a non-woven fabric bonded to a foamed
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polymer sheet. The fabric is formed from a blend of low
melting staple fibers and high melting staple fibers.

U.S. Patent No. 5,298,694 to Thompson proposes
a non-woven acoustical insulation web. The web comprises
thermoplastic fibers, and particularly a blend of melt-
blown microfibers and crimped bulking fibers.

U.S. Patent No. 5,677,027 to Masuda et al.,
proposes a sound insulating structure comprising a
covering layer, a panel, and a cushioning layer. The
cushioning layer comprises a first fiber such as .

.polyethylene terephthalate (PET) and a second fiber that
is of a shell-core construction wherein ;he“majofity of
the core is PET. )

U.S. Patent No. 5,817,408 to Orimo et al.,'
proposes a souﬁa insulating structure which includes low
and high density thermoplastic fibers. PET is preferred
as a thermoplastic synthetic fiber.

U.S. Patent No. 4,529,639 to Peoples, Jr. et
al. pfoposes a molded foam-backed carpet  assembly which
includes-a carpet layef, a moldable thermoplastic polymer
layer and one or more foam pads fusibly boﬁded to the ‘
thermoplastic 1ayér and extending over less than the
entire surface of the thermoplastic polymer layer tb,
pfovide desired cushioning and sound and thermal
insulation only in preselected areas of the carpet.

In 'general, the ability of conventional
materials to attenuate sound increases as the amouht of

. material increases. Unfortunately, increased materials.
often increases the weight of sound attenuating material,
which may be undesirable. Accordingly, there is a
continuing need for acoustical insulation materials that
exhibit superior sound attenuating properties, while also

being lightweight and low in cost.
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SUMMARY OF THE INVENTION
' In view of the above discussion, sound

attenuating laminates, and methods of making the same,
are provided. According to an embodiment of the present
invention, a surface of a non-woven (or woven), fibrous
layer of material (e.g., containing thermoplastic or
thermosetting fibers) is heéted to form a stratum ofr'
melted fibers having a density differeﬁt'(i.e., greater)
than that of the remainder of the fibrous layer. The
density of the melted fibers is effective in attenuating
noise traversiné the fibrous layer of material.
Upholstery material (preferably heated), such as
carpeting, is attached to a surface (either adjacent to
or opposite from stratum of melted fibers) of the heated
fibrous iayer. The fibrous layer and upholstery material
is then subjected to compressive molding pressure to
obtain a desired shape. The compressive molding pressure -
may further tune the sound attenuating properties of the
fibrous layer by selectively changing the densities of
one or more'portions of the fibrous layer..

‘ According to ather embodiments of the present
invention, a surface of a .first non-woven (or Woven),
fibrous layer of material is heated such that fibers

adjacent the surface form a stratum of melted fibers that

~has a density greater than a density of the remainder of

the fibrous layer. The density of the stratum is

reffective to attenuate noise traversing the first fibrous

layer of material. Upholstery material, such as
carpe;ing, is attached to aAsurface (either adjacent to-
or opposite from stratum of melted fibers) of the heated
first fibrous layer. The first fibrous layer and .
upholstery material are then subjected to compressive
molding pressure (preferably in the presence of heat) to
obtain a desired shape. The compressive molding pressure
ma? further tune the sound.attenuating properties of the
first fibrous layer by selectively changing thé densities
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of portions of thé fibrous layer. A second non-woven
(preferably heated), fibrous layer of material is |
attached ﬁo an opposite surface of the first fibrous
layer. The first and second fibrous layers and upholstery
material are then subjected to compressive molding .
pressure (preferably in the presence of heat). The
compressive molding pressure may further tune the sound
attenuating properties of the combined first and second
fibrous layers by selectively chénging the densities of
portions oflthe fifst and second fibrous layers. '

' By controlling and differentially molding
and/or melting fibers through temperature and pressure
-variation, laminates according to‘embodiments of the
present invention can be "tuned" to provide desired
sound deadening and absorption properties in selected
locations. The term "tuned" means that portions of |
laminates can be formed to have a specific acoustic
impedance déesigned to attenuate sound in one or more’
frequencies or frequency bands. Moreover, laminates
according to embodiments of the present invention may
have reduced overall weight compared'with conventional
sound proofing materials, and without sacrificing sound

attenuation properties.

BRIEF DESCRIPTION OF THE DRAWINGS .

The accompanying drawings, which form a part of
the specification, illustrate key embodiments of. the
present invention. The drawings and description together
serve to fully explain the invention. '

Fig. 1 is a flowchart of operations for
producing‘a sound attenuating laminate configured to
attenuate noise from a -noise sdurce, according to
embodiments of the present invention.

Fig. 2 is a flowchart of operations for

producing a sound attenuating laminate configured to

-l
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attenuate noise from a noise source, according‘to other
embodiments of the present invention.
| Fig. 3 is a cross-sectiomal view of ‘a2 sound

attenuatlng laminate configured to attenuate n01se from a
noise source, according to embodiments of the present
invention.

Figs. 4A-4E schematically illustrate operations
for producing the sound attenuating laminate of Fig. 3.

Fig. 5 is a cross-sectional view of a sound
attenuating laminate configured to attenuate noise from a
noise source, according to other embodiments of the
present invention. ‘ 4

~ Figs. 6A-6D schematically illustrate operations

‘for producing the sound attenuating laminate of Fig. 5.

?ig.A7 is a partial perspective view of an
interior compartment of a vehicle wherein‘a sound
attenuating laminate according to embodiments of the
present invention is attached thereto.

Fig;'7A is an enlarged partial'section view of
the sound attenuating laminate of Fig. 7 taken along

lines 7A-7A.

DETAILED DESCRIPTION OF THE INVENTION:

The present invention now is described more
fully hereinafter with reference to the accompanying
drawings, in which preferred embodiments of the invention
are shown. This invention may, however, be embpdied in
many different forms and should not be construed as
limited to.the embodiments set forth herein; rather,
these embodiments are provided so that this disclésure,\
will be thorough and complete, and will fully convéy the
scope of the invention to those skilled in the art.

- In the drawings, the thickness of lines,
layers and régions may be exaggerated for clarity. It

will be understood that when an element such as a léyer,

-5-
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region, substrate, or panel is referred to as being "on
another element, it can be diregtly on the other element
or interveﬁing elements may also be present. In
contrast, when an element is referred}to.as being
"directly on" another element, there are no intervening
elements present. It will be understood that when an
element is referred to.as being hconnected" or
"attached" to another element, it can be directly
connected -or attached to the other element or
intervening elements may also be present. In contrast,
when an element is referred to as being "directly
connected" or "directly attached" to another element,
there are no intérvenihg elements present. The terms
"upwardly", "downwardly", "vertical", "horizontal" and
the like are used herein for the purpose of explanétion
only. . ‘
' Embodiments of the present invention provide
sound attenuating laminates for use in various

applications, particularly automotive applications.

Exemplary automotive applications within which sound

attenuating laminates according to embodiments of the
present invention may be utilized include, but are not
limited to, headliners, dashboards, carpeting, door
panels, and pillars. ‘

According to embodiments of ;he present
invention, a sound attenuation laminate includes a
fibrous layer of material. By selectively controlling
heat and/or pressure paramétérs overAa predetermined
time interval, the fibers are differentially melted. A
less dense portion or stratum of melted fibers is formed
ﬁhat is configured to be placed against the metal (or
other) portion of a vehicle, and a compacted, higher
density portion or stratum of melted fibers is formed
that is configured to be bonded to upholstery material,
such as carpeting and deéorative fabric. However, it is

not required that the higher density portion be bonded

-6~
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to upholstery fabric. The higher density portion may be
placed against the metal (or other) portion of a
vehicle.

By controlling aﬁd differentially moldiﬁg
and/or melting the fibers thrbugh temperature and
pressure variation; a fibrous layer can'be "tuned" to
provide desired sound deadening and absorptioﬁ

properties in selected locations. Moreover, laminates

~ according to embodiments of the present invention may

have reduced overall weight without sacrificing
soundproofing properties.

In addition, embodiments of the present
invention are not limited to a unidirectional density
gradient (i.e., from less dense to more dense).
Embodiments of the present invention may have various
density gradients (e.g., dense, less dense, more dense,
etc.). ' ‘

Referring to Fig. 1, a method of producing a
sound attenuating iaminate configured to attenuate noise
from a noise'source, according to embodiments of the
present invention, is illustrated. A non-woven, fibrous
layer of materiél having a first density is provided
(Block 100). Fibers within the layer may includé natural
fibers, thermésetting fibers, thermoplastic fibers,
and/or any blend or percentage of-natural.fibers/
thermosetting fibers and/or thermoplastic fibers.
Exemplary fibers include, but are not 1imited to,
acetate, acrylic, nylon 6, nylon 6/6, polyethylene
terephthalate (PET), recycled PET, BiCo PET, and NOMEX®
brand fibers. A preferred fiber is PET fiber.

A surface of the fibrous layer is heated such
that fibers adjacent the surface form a stratum of melted
fibers within the fibrous layer that has a second density
greater than the first density (Block 110). Exemplary
heat applied to the surface of the fibrous layer may be.
at a temﬁerature of between about 400°F and about 480°F,

-7
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preferably between about 450°F and about 460°F. However,
embodiments of the present invention are not limited to

these temperatures. Temperatures may vary depending on

‘the fibers utilized. In addition, melting may occur in

various ways and is not limited to conventional heating
methods. For example, energy in the form of microwaves
ana infrared radiation may be utilized to melt fibers. As
used throughout, the texrm "heat" shall be intended tb
include all forms of energy capable of‘melting fibers -
according to embodiments of the present invention.

' ' The density of the fibers within the stratum of
melted fibers is effective to attenuate noise traversing
the fibrous layer of matgrial. Exemplary thickness of the
stratum of melted fibers may be between about one
millimeter (1 mm) and about four millimeters (4 mm). By

controlling the amount of heat applied, different

" densities can be achieved to thereby "tune" the fibrous

layer to attenuate noise at selective frequencies.

| A heated upholstery material, such as Carpeting
and/or other fabric,‘is attached to the surface of the
heated fibrous layer (Block 120). In the case of
carpéting, the backing side of the carpeting is attached
to the fibrous layer surface. The fibrous layer and
upholstery material are then subjected to compfessive
molding préssu;e to obtain 'a desired shape (Block 130).
The compressive molding pressure may further tune the
sound attenuating properties of the fibrous layer by
selectively changing the densities of portions of the
fibrous layei. Exemplary compressive molding pressure may
be between about two pounds per square inch (2 psi) -and
about eleven and one half pounds per square inch (11.5
psi), preferably between about between about two and one
half pounds per square inch (2.5 psi) and about three and
one half pounds per square inch (3.5 psi). However,
embodiments of the present invention are not limited to'_
these pressures. Pressures may vary depending on the A

-8-
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fibers utilized.

‘ Refeérring to Fig. 2, a method of producing a
sound attenuating laminate configured to attenuate noise
from a noise source, according to other embodiments of
the present invention, is illustrated. A first non-woven,
fibrous layer of material (e.g., containing thermoplastic
and/or thermosetting fibers) having a first density is
provided (Block 200). Heat is applied to a first.surface
of the first fibrous layer such that fibers adjacent the
first surface form a stratum of melted fibers that has a

second density greater than the first density and that is

- effective to attenuate noise traversing the first fibrous

layer of material (Bloék 210) . Exemplary heat applied to
the surface of the fibrous layer may be at a temperature
of between about 400°F and about 470°F, preferably

between about 450°F and about 480°F. However, embodiments

of the present invention are not limited to these

‘temperatures. Temperatures may vary depending on the

fibers utilized. . .
Upholstery material (preferably heated), such
as carpeting and/or other fabric, is attached to a
surface of the heated fibrous_layer~(Block 220). In the
case of carpeting, the backing side of the carpeting is
attached to the first fibrous layer surface. The first
fibrous layer and ubhdlsteiy material are then subjected
tolcompressive molding pressure to obtain a desired shape
(Block 230). The compressive molding pressure may further
tune the sound attenuating properties of the first
fibrous- layer by selectively changing the densities of

portions of the fibrous layer. Exemplary compressive

-molding pressure may be between about two pounds per

square inch (2 psi) and about eleven and one half pounds
per square inch (11.5 psi), preferably between about
between about two and one half pounds per square inch
(2.5 psi) and about three and one half pounds per square

inch (3.5 psi). However, embodiments of the present
-9-
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invention are not limited to these pressures. Pressures
may vary depending on the fibers utilized.

A second non-woven (preferably heated), fibrous
layer of material is attached to an oppoéite surféce of
the first fibrous layer (Block 240). The first and second
fibrous layers and upholstery material are then subjected
to compressive moldinglpressure (Block 250). The A
compressive molding pressure may fﬁrther tune the sound
attenuating properties of the combined first and‘second
fibrous layeré by selectively changihg the densities of
portions of the first and second fibrous layers.
Exemplary compressive moldin§ preséure may be between
about two pounds per square inch (2'psi)jand about four
pounds per square inch (4 psi), preferably bétween about
between about:two and one half pounds per square inch

(2.5 psi) and about three and one half pounds per square

.inch (3.5 psi). However, embodiments of the presenf

invention are not limited to these pressures. Pressures

‘may vary depending on the fibers utilized.

Referring to Fig. 3, a sound attenuating

laminate 10 that is configured to attenuate noise from a

‘noise source, according to embodiments of the present

invention, is illustrated; The illustrated sound
attenuating laminate 10 is carpeting material for use
within the passenger compartment of a vehiclé. However,
embodiments of the present invention ére not limited to
carpeting applications.‘Other exemplaryiaﬁfomotive
applications within which sound aﬁtenuating laminates
according to embodiments of the present invention may be -
utilized include,‘but are not limited to, headliners,
dashboards, carpeting, door panels, and pillérs.

Moreover, appliéations in which sound attenuating

-laminates accbrding to embodiments of the present

invention are used are not limited to vehicle

applications.

thhe illustrated sound attenuating laminate 10
' -10-
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includes a non-woven, fibrous layer of material 12 having
a stratum 14 of melted and/or molded fibers (e.g., PET
fibers) adjacent a surface 1l2a of the fibrous layer 12

and carpeting 16 attached to the surface 12a of the

fibrous layer 12. The stratum 14 of melted and/or molded

fibers has a density that is greater than the density of

the remaining portion of the fibrous layer of material 12

and that is effective to attenuate noise tfaversing the

fibrous layer of material 12. Depending on the )
application in which the.sound attenuating laminate 10 is
used, the stratum 14 of melted ahd/or molded fiberé.may'
have a thickness of between about one mllllmeter (1 mm)
and about four millimeters (4 mm) .

Referring to Figs. 4A-4E, operations for
producing the exeﬁplary sound'attenuating laminate 10 of

Fig. 3 are illustrated. A surface 12a of the fibrous

.layer of material 12 is heated (Fig. 4A) to form a

"stratum 14 of melted fibers adjacent‘the.surface, and

heated upholstery material such as‘carpeting 16 is added
(Fig. 4B). The fibrous layer 12 having a densified (i.e.,
multi-density) stratum of fibers (and including a layer

of upholstery) is subjected to compressive molding

".pressure to obtain a desired shape (Flgs. 4C-4E) .

Referrlng to Fig. 5, a sound attenuatlng
lemiﬁate'BO that is configured to attenuate noise from a
ﬁoise source, according to other embodiments of the
present invention, is illustrated. The illustrated sound
attenﬁating laminate 30 is configured for use as
carpeting within vehicle passenger compartments. However,
sound attenuating laminates having the illustrated
configuration may be used in various applications,
without limitation.

The illustrated sound attenuating laminate 30
includes a first non-woven, fibrous layer of material 32

having a stratum of melted and/or molded flbers 34 (e.g.,
-11-
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PET fibers) adjacent a surface 32a of the first fibrous
layer 32 and carpeting 36 attached to the surface 32a of
the fibrous layer 32. The sﬁratum of melted and/or molded
fibers 34 has a density greater than the.aensity of the-

remaining portion of the first fibrous layer 32 and is

‘effective to attenuate noise traversing the first fibrous

layer of material 32.

A second non-woven fibrous layer of material 35
is attached to the first non-woven, fibrous layer 32. fhe
second non-woven fibrousAlayer]of material 35 may have a
denéity (or densities) similar to or aifferent from the
density of .the stfétum‘df melted and/or molded fibers 34
and of the remaining portion.of the first fibrous layer
32. Carpeting 36 is attached to a surface of the first
fibrous layer of material 32.

Referring to Figs. 6A-6D, operations for
producing the soﬁnd attenuating~1aminate 30 of Fig. 5 are
illustrated. A surface 32a of a fibrous layer of ‘material
32 having carpeting 36 attached thereto is heated and/or
molded to form a stiatum 34 of melted and/or molded !
fibers adjacent the carpeting 36 (Fig. 6A). The fibrous
layer 32 and carpeting are subjected to compressivé

molding.pressure'to”obtain a désired shape (Fig. 6B). A

“heated second non-woven fibrous layer of material 35 is

attached to the first non-woven, fibrous layer 32 and
subjected to compressive molding to produce the sound
attenuating laminate 30A(Figs. 6C-6D) .

' 'Referring to Figs. 7 and 734, an interior
compartment 52 of a vehicle 50 is illustrated with a
sound attenuating laminate 10 accdrding to embodiments of
the present invention attached to a portion thereof. The
illustrated sound attenuating laminate 10 includes a non-
woven, fibrous layer of material 12 ha&ing a stratum 14

of melted fibers with a greater density than that of the

-12-
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remaining portion of the fibrous layer of material 12.
The density of the stratum 14 of me;ted fibers is.
effective to attenuatennoise trayersing the fibrous layer
of material 12 from a ﬁoise source externalkto the

vehicle compartment 52.

' Example
A fibrous layer of PET fibers was heated with

hot air at 420°F for 92 seconds. Carpeting material was
heated via infrared radiation to a temperature of 330°F
and attached to the fibroﬁs layer. The laminate formed by
the fibrous layer and carpeting material was subjected to
compressive pressufe of between about two pounds per
square inch and about eleven pounds per square inch (2-11
psi) via a mold to produce a densified laminate. The
laminate was removed f;om the mold, cooled, and trimmed
via a watér jet.

. The foregoing is illustrative of. the p:esént
invention and is not to be construed as limiting thereof. -
Although a fgw_éxemplary embodiments of this invention
have been described,uthose skilled in the art will
readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing
from the novel teachings and édvantéges of this
invention. Accordingly, all such modifications are
intended to be included within the scope of this
invention as defined in the claims. Therefore, it is to
be understood thét the foregoing is illustrative of the
presenﬁ invention and is not to be construed as limited
to the specific embodiments disclosed, and that
modifications to the disclosed embodiments, as Qell as
other embodiments} are intended to be included within the
scope of the appended claims. Theninvention is defined by
the following claims, with equivalents of the qlaimé to

be included therein.

-13-
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THAT WHICH IS CLAIMED IS:

1. A method of producing sound insulating
material, comprising: |
' providing a non-woven, fibrous layer of
material having a first density; and-

heating a surface of the fibrous layer such
that fibers adjécent the sufface“form a stratum of melted
fibers within the fibrous layer that has a second density
greater than the first density and that is effective to

attenuate noise traversing the fibrous layer of material.

2. The method of Claim 1, wherein the stratum
of melted fibers has a thickness of between about one

millimete; (1 mm) and about four millimeters (4 mm).

3. The method of Claim 1, wherein the surface
is heated to a temperature of between about 450°F and

about 460°F.

4. The method of Claim 1, further comprising
subjecting the fibrous layer to compressive molding

pressure to obtain a desired shape.

5. The method of Claim 4, wherein the
compressive mblding pressure is between about two pounds
per square inch (2 psi) and about eleven and one half

pounds per square inch (11.5 psi).

6. The method of Claim 1, wherein the step of
heating the surface of the fibrous layer comprises
heating selected portions of the'surface such that fibers
adjacent the selected portiéns of the surface form
respective strata within the fibrous layer, each having a

second density greater than the first demsity and each

-14-
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effective to attenuate noise traversing the fibrous layer

of material.

7. The method of Claim 1, wherein the fibers
are selected from the group consisting of thermosetting

fibers and thermoplastic fibers.

8. The method of Claim 1, wherein the fibers
comprise polyethylene terephthalate (PET) fibers. ‘

9. A method of. producing a sound atteﬁuating

laminate configured to attenuate noise from a noise

'source, comprising:

providing a non-woven, fibrous layer of
material having a first density; '

. ‘heating a surface of the fibrous layer such
that fibers adjacent the surface form.a stratum of melted
fibers within the fibrous iayer that has a second density
greater than the first‘density and'that is effective to.
attenuate noise traversinglthe fibrous layer of material;

attaching upholstery material to the surface of
the heated fibrous layer wherein the carpet comprises a
fabric side and an opposite backing side and wherein the
backing side is attached to the surface of the fibrous
layer; and .

subjecting the fibrous layer and upholstery

material to compressive molding pressure to obtain a

'desired shape.

.10. The method of Claim 9, wherein the stratum
of melted fibers has a thickness of between about one

millimeter (1 mm) and about four millimeters (4 mm) .

11. The method of Claim 9, wherein the surface
of the fibrous layer is heated to a temperature of
between about 450°F and about 460°F.
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12. The method of Claim 9, wherein the
compressive molding pressure is between about two pounds
per square inch (2 psi) and about eleven and one half

pounds per square inch (11.5 psi).
13. The method of Claim 9, wherein the fibers
are selected from the group consisting of thermosetting

fibers and thermoplastic fibers.

14. The method of Claim 9, wherein the fibers

comprise pdlyethylene terephthalate (PET) fibers.

'15. The method of Claim-9, wherein the

upholstery material comprises carpeting.

16. A method of producing a sound attenuating

laminate configured ‘to attenuate noise from a noise

source, comprising: <
providing a first non-woven, fibrous layer of
material having a first density,.ahd having opposite
first and second surfaces; |
heating the first surface of the first fibrous’
layer such that fibers adjacent the first surface form a

stratum of melted fibers within the first fibrous layer

_that has a second density greater than the first density

and that is effective to attenuate noise traversing the
first fibrous layer of material; .

attaching upholstery material to the first
surféce of the heated first fibrous layer wherein the
upholstery material comprises a fabric side and an
opposite backing side.and wherein the backing side is
attached to the first surface of the fibrous layer;

- subjecting the first fibrous layer and

' upholstery material to compressive molding pressure to

obtain a desired: shape;

attaching a second non-woven, fibrous layer of

-16-
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material to the second surface of the first fibrous
layer; and *
subjecting the first and second fibrous layers

and upholstery material to compressive molding pressure.

17. The method of Claim 16, wherein the
stratum of melted fibers has a thickness of between about

one millimeter (1 mm) and about four millimeters (4 mm)

18. The method of Claim 16, wherein the
surface of the first fibrous layer is heated to a

temperature of between about 450°F and about 460°F.

. 19. The method of Claim 16, wherein the first
Fibrous layer .and upholstery material are subjééted to
compressive molding pressure of between about two pounds
per square inch (2 psi) and about eleven and one half

pounds per square inch (11.5 psi). .

20. The method of Claim 16, wherein thetfirst
and second fibrous layers and upholsterykhatgrial are
subjected td~compressive molding pressure of between
about tWo.pounds per square inch (2 péi) and about eleven

and one half pounds per square inch.(11.5 psi).

21. The method‘of Claim 16, wherein the fibers
are selected from the group consisting of thermosetting

fibers and'thermoplastic fibers.

22. The‘ﬁethbd of Claim 16, wherein the fibers
comprise polyethylene terephthalate (PET) fibers.

23. The method of Claim 16, wherein the °

upholstery material comprises carpeting.

24. A sound attenuating laminate configured to

..1'7..
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attenuate noise from a noise source, comprising:

a non-woven, fibrous layer of material having a
first stratum of molded fibers that has a first dénsity
and a secoﬁd stratum of melted fibers that’has a second
density greater than the first density and that is
effective to attenuate noise traversing the fibrous
layer; and ' .

upholstery material attached to a surface of

the fibrous layer.

25. The sound attenuating laminate of Claim
.24, wherein the first stratum of molded fibers has a
thickness of between about four millimeters (4 mm) and
about twenty six millimeteré (26 mm), and wherein the
"second stratum of melted f£ibers has a thickness of
between about one milliméte:‘(l mm) and about four

millimeters (4 mm).

26. The sound attenuating laminate of Claim
24, wherein the fibrouS'iayer comprises fibers selected
from the group consisting of thermosetting fibers and

thermoplastic fibers.

27. The soundAatténuating laminate of Claim
24, wherein the fibrous layer comprisés polyethylene
terephthalate (PET) fibers.

28. The soﬁnd‘attenuating laminate of Claim

24, wherein the upholstéfy material comprises carpeting.

29. A sound attenuating laminate configured to
attenuate noise from a noise source, comprising:
“a first non-Woven, fibrous layer of material
having a first stratum of molded fibers that has a first
density and a second stratum of melted fibers that has a

second density greater than the first density and that is

-18-
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effective to attenuate noise traversing the fibrous
layer; ‘
a second non-woven fibrousrlayer of matérial
attached to the first non-woven, fibrous layer; and
upholstery material attached to a surface of

the first fibrous layer.

30. The sound attenuating laminate of Claim
29, wherein the first stratum of molded fibers has a

thickness of between about four‘millimetérs (4 mm) - and

‘about twenty six millimeters (26 mm), and wherein the

second stratum of melted fibers has a thickness of
between about one millimeter (1 mm) and about four-

millimeters (4 mm) .

31. The sound attenuatiﬁg laminate of Claim
29, wherein the first and secbnd fibrous layers comprise
fibers selected from the group consisting of
thermosetting fibers and thermoplastic fibers.

32. The sound,atﬁenuating laéinate of Claim
29, wherein the first and second fibrous layers comprise

polyethylene térephthalate (PET) fibers.

33. The sound attenuating laminate of Claim

29, wherein the upholstery material comprises carpeting.

34. A vehicle, comprising:

an intefior compartment comprising a. panel
having a surface;‘and u

sound insulating material attached to the panel
surface, comprising a non-woven, fibrous layer of |
material having a first stratum of molded fibers that has
a first density and a second stratum of melted fibers
that has a second density greater than the first density

and that is effective to attenuate noise traversing the

~19-
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fibrous layer.

35. The vehicle of Claim 34, further

comprising upholstery material attached to a surface of

‘the fibrous layer.

36. The vehicle of Claim 34, wherein the first
stratum of molded fibers has a thickness of between about
four millimeters (4 mm) and about twenty six'millimeters'
(26 mm), and wherein the second stratum of melted fibers
has a thickness of between about one millimeter (1 mm)

and about four millimeters (4 mm) .

37. The vehicle of Claim 34, wherein the
fibrous layer comprises fibers selected from the group
consisting of thermosetting fibers and thermoplastic

fibers.

" 38. The vehicle of Claim 34, wherein the
fibrous layer comprises polyethylene terephthalate (PET)

fibers.

39. The vehicle of Claim 34, wherein the

upholstery material comprises carpeting.

40.. A vehicle, comprising:

an interior compartment comprising a panel
having a surface; and

sound insulating material attached to the panel
surface, compfising: . '

a first non-woven, fibrous.layer of
material having a first strétum of molded
fibers that has a first density and a second
stratum of melted fibers that has a second
density greater than the first density and that

is effective to attenuate noise traversing the

-20-
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fibrous layer; and
a second non-woven fibrous 1éyer of
material attached to the first non-woven,

15 fibrous layer.

41. The vehicle of Claim 40, further
comprising upholstery material attached to a surface of

the first fibrous layer.

42. The vehicle of Claim 40, wherein the
fibrous layer comprises fibers selected from the group
consisting of thermosetting fibers and thermoplastic

-fibers.
43, The vehicle of Claim 40, wherein the
fibrous layer comprises polyethylene terephthalate (PET)

fibers.

44. 'The vehicle of Claim 41, wherein the

upholstery material comprises carpeting.
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