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FLOOR MATS HAVING PERIPHERAL APERTURES WITH ACOUSTIC
ABSORBING MATERIAL

Field of the Invention

The present invention relates to mats such as automotive accessory floor mats

and, more particularly, to molded mats.

Background of the Invention

It is often desirable to minimize environmental noise. For example, it may be
desirable to reduce noise levels in the interior of an automobile in order to improve
the comfort of occupants. Sources of such noise may include or be affected by road
surface, tire construction, drivetrain noise, exhaust noise, chassis and suspension
noise, wind noise and the like. Automobile manufacturers have expended substantial

effort and expense to reduce cabin noise.

Summary of the Invention

According to embodiments of the present invention, a multi-layer acoustically
absorptive mat includes a base layer, a face layer, and an acoustic absorbing layer.
The base layer includes a central portion and a peripheral portion around the central
portion. A plurality of apertures are formed in the peripheral portion in adjacent,
spaced-apart relationship. The face layer is disposed adjacent the base layer, and the
acoustic absorbing layer is interposed between the peripheral portion of the base layer
and the face layer. The acoustic absorbing layer includes a respective exposed portion
extending across each of the apertures. The central portion of the base layer is

directly bonded to the face layer and the absorbing layer is adhesively secured to the
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face layer. The exposed portions of the acoustic absorbing layer may extend
outwardly from the respective apertures beyond the base layer.

Objects of the present invention will be appreciated by those of ordinary skill
in the art from a reading of the figures and the detailed description of the preferred
embodiments which follow, such description being merely illustrative of the present

invention.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate embodiments of the invention and, together with the
description, serve to explain principles of the invention.

Figure 1 is a top perspective view of an acoustic absorbing mat according to
embodiments of the present invention.

Figure 2 is a cross-sectional view of the mat of Figure 1 taken along the line
2-2 of Figure 1.

Figure 3 is a bottom perspective view of an acoustic absorbing mat according
to embodiments of the present invention.

Figure 4 is a cross-sectional view of the mat of Figure 3 taken along the line
4-4 of Figure 3.

Detailed Description of Embodiments of the Invention

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied 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 disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout. In the figures, layers, components or
regions may be exaggerated for clarity.

As discussed below, while various surfaces and orientations are identified
herein as "upper" and "lower" for convenience and clarity, a mat according to

embodiments of the present invention is not limited in applicability to the orientation
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shown and such surfaces and orientations may properly be referred to as "inner" and
"outer", for example.

With reference to Figures 1-2, a multi-layer acoustically absorptive mat
according to embodiments of the present invention is shown and generally designated
by the number 100. The mat 100 may be, for example, an automobile interior floor or
cargo mat. The mat 100 may be pliable. As used herein, the term "pliable” means
that the mat may be easily folded or flexed. For example, a pliable floor mat can be
rolled up and, when held at arm's length, is unable to support its own weight.
Alternatively, the mat 100 may be rigid and may retain a three-dimensional shape.
The mat 100 includes a base layer 130, a face layer 110, and an acoustic absorbing
layer 120. The base layer 130 includes a central portion 132 and a peripheral portion
134 that extends around the central portion 132. A plurality of apertures 140 are
formed in the peripheral portion 134 in adjacent, spaced-apart relationship. The face
layer 110 is disposed adjacent the base layer 130, and the ac.oustic absorbing layer
120 is interposed between the peripheral portion 134 of the base layer 130 and the
face layer 110. The acoustic absorbing layer 120 includes exposed portions 122 that
extend across each of the respective apertures 140.

A central portion 114 of the mat 100 may be configured to be water
impermeable. For example, the base layer 130 may be formed of a material that is
water-resistant. Alternatively, a water-resistant layer may be interposed between the
base layer 130 and the face layer 110, as would be understood by those skilled in the
art. According to an embodiment of the present invention illustrated in Figures 3-4,
the central portion 132 of the base layer 130 of mat 100' may include a plurality of
apertures 135 that are configured to attenuate sound incident on the central portion
132 of the base layer 130. A gap between the central portion 132 of the base layer -
130 and the lower surface 110L of the face layer 110 may be provided, although not
required.

Referring back to the embodiment of Figuares 1-2, portions 122 of the acoustic
absorbing layer 120 extend downwardly through the apertures 140. However, the
Jayers 120 and 130 may be formed such that the portions 122 do not extend beyond
the apertures 140. The acoustic absorbing layer portions 122 may be non-compressed
or less compressed than the portions 123 captured between the base layer 130 and the
face layer 110. In the illustrated embodiment, a layer of adhesive 150 (e.g., a hot melt

3.
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or pressure-sensitive adhesive) adheres an upper surface 120U of the layer 120 to a
lower surface 110L of the face layer 110. Suitable adhesives include, for example,
Dow Intergral 899 or 917 hot melt adhesive available from Dow Chemical of
Midland, Michigan, or Spunfab VI1010 hot melt adhesive available from Spunfab
Adhesive Fabrics of Ohio.

The central portion 132 and peripheral portion 134 of the base layer 130 may
be bonded directly to the lower surface 110L of the face layer 110 as illustrated. The
face layer 110 and the base layer 130 may optionally include a channeled edge section
as described in U.S. Patent No. 5,620,546 to Reuben, the disclosure of which is
incorporated herein by reference in its entirety.

The face layer 110 may be formed from carpet material which is wear-
resistant and has a pleasing appearance. Alternatively, the face layer 110 may be an
elastomer layer, a thermoplastic layer, such as a vinyl compound, or a non-woven
layer. The carpet material may be tufted, woven, needle punched or the like, and may
be backed or unbacked. The carpet material may be a looped pile carpet or a tufted
pile carpet construction, i.e., a plurality of pile yarns extend through a primary
backing to form loops which are, in the case of a tufted pile carpet, cut to form tufts.
The fibers of the pile yarns can be composed of natural or synthetic fibers and may be
thermoplastic or thermosetting. Suitable carpet fibers are described in U.S. Patent No.
4,174,991 to Reuben, the disclosure of which is incorporated herein by reference in its
entirety, and include polyamide fibers such as nylon fibers, particularly nylon 1 and
nylon 11, polyester fibers, acrylic fibers, polypropylene and blends and copolymers
thereof. Additionally, the face layer 110 may include multiple sheets of carpet, for
example, a multiple sheet, embroidered, pre-punched carpet. Alternatively, the face
layer 110 may be formed of woven or kit fabric, non-woven carpet, or any other
suitable material.

The base layer 130 may be formed of a heat curable elastomeric material or a
thermoplastic material. Exemplary heat curable elastomeric materials include
vulcanizable elastomers which are cured by a sulfur reaction mechanism or a metallic
oxide mechanism. Particularly suitable elastomeric materials are rubbers such as
natural rubber, butadiene polymers and copolymers such as styrene-butadiene rubbers
and polybutadiene rubbers, isoprene polymers and copolymers, chloroprene rubbers

such as neoprene, nitrile rubbers, butyl rubbers, and ethylene-propylene rubbers, and
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blends and copolymers thereof. Styrene-butadiene rubbers are particularly preferred
for use in the present invention. Suitable thermoplastic materials include polyvinyl
chloride, polyethylene, ethylene vinyl acetate, polypropylene, polystyrene,
thermoplastic rubber, thermoplastic olefins, and styrene butadiene block copolymers.

The ac<;ustic absorbing layer 120 is formed of a sound absorbing material that
exhibits good acoustic absorption characteristics (i.e., effectively absorbs acoustic
energy). The material of the layer 120 exhibits superior acoustic absorption as
compared to the material of the base layer 130. The material of the layer 120 may
have a normal incidence sound absorption coefficient of at least 0.05 at 250 Hz and at
least 0.15 at 1000 Hz as determined in accordance with The American Society of
Tests and Materials (ASTM) standard test procedure E 1050, "Impedance and
Absorption of Acoustical Materials Using a Tube, Two Microphones, and a Digital
Frequency Analysis System”. According to embodiments of the present invention,
the normal incidence sound absorption coefficient does not fall below 0.70 above
5000 Hz.

Materials for the acoustic absorbing layer 120 may include open cell,
polyether polyurethane foam, polypropylene, polyethylene, reticulated foams, natural,
synthetic or glass fiber batt, non-woven carpet, micro-fiber layer or foamed latex.
The acoustic absorbing layer 120 may be formed of a flexible urethane resin layer
comprising an elastomeric flexible thermoset urethane resin, and may be a chemically
blown or frothed foam layer and may have various additives. Such resin
compositions may have the usual additives, and typically are composed of isocyanate
materials, such as an aromatic diisocyanate, such as polyphenyl polymethylene
polyisocyanate; e.g., a diphenylmethane diisocyanate present in a crude MDI-reaction
mixture, reacted together with suitable polyols, such as vinyl-capped polymeric
polyols like styrene-capped polymers, alone or in combination with other polyols,
such as polyether polyols derived from the reaction of polyfunctional alcohols with
propylene and/or with ethylene oxides. Other additives may be used, such as a
catalyst like an organo-metal catalyst or amines, water-scavenging agents, such as
molecular sieves, calcium sulfate and the like, plasticizers, fillers, flame retardants,
pigments, blowing agents, surfactants, amines, such as tertiary amine, silicones, and
other additives and modifiers typically employed in the preparation of flexible

urethane thermoset solvent foam layers.
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The acoustic absorbing layer 120 may comprise any thermoplastic urethane
resin which is moldable; for example, above 150°F, and suitable for the purposes of
preparing a moldable automobile mat. Such thermoplastic urethane resins typically
comprise a long-chain polymer with minimized cross-linking. Suitable and typical
urethane thermoplastic resins, based upon the employment of aliphatic
polyisocyanates, are well-known and are described, for example, in Polyurethanes:
Chemistry and Technology, Sanders and Frisch, Interscience Publishing Co., 1914,
Vol. 2, pages 379-409, herein incorporated by reference.

The acoustic absorbing layer 120 may be air permeable with an airflow
resistance value of at least 200 Rayls as measured in accordance with ASTM C522-
87, "Standard Test Method for Airflow Resistance of Acoustic Materials," and water-
resistant. The acoustic absorbing layer 120 may be formed of a material that has
portions of different densities through its thickness and/or across its width and/or
length. The acoustic absorbing layer 120 may have a color different from or
contrasting with a color of the layer 130. The acoustic absorbing layer 120 may
include two or more layers of acoustic absorbing material. When multiple acoustic
absorbing layers are utilized, each layer may have the same or different properties and
dimensions. The acoustic absorbing layers may be adhered, bonded, punched,
stitched or otherwise secured to one another.

According to embodiments of the present invention, the exposed acoustic
absorbing layer portions 122 may constitute at least 25 percent of the total lower
surface area of the mat 100. According to embodiments of the present invention, the
exposed acoustic absorbing layer portions 122 may constitute between about 5 and 50
percent of the lower surface area of the mat 100.

According to embodiments of the present invention, the mat 100 may have a
normal incidence sound absorption coefficient of at least 0.1 at 250 Hz and 0.1 at
1000 Hz as determined in accordance with ASTM standard test procedure E 1050.
According to embodiments of the present invention, the normal incidence sound
absorption coefficient of the mat 100 may not fall below 0.1 above 1000 Hz.

The mat 100 may be tunable to provide desired acoustic absorptive properties
for different environments. The mat 100 may be tuned by appropriate selection of the
thickness, density, cell size, fiber type, and/or other suitable characteristics of the

acoustic absorbing layer 120, as well as the dimensions of the apertures 140 (and,
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thereby, the dimensions of the exposed portions 122). The characteristics of the face
layer 110 may be varied and selected to assist in tuning the acoustics of the mat 100.
The mat 100 may be incorporated into a tuned acoustic control system including other
acoustic absorbing or sound deadening elements such as, for example, floor
coverings, headliners, dash covers and the like.

In use, the mat 100 (as well as mat 100') may be placed in a desired location,
for example, the floor of an automobile, such that the lower surfaces of the acoustic
absorbing layer portions 122 and the base layer 130 face downwardly and engage the
vehicle floor while the upper surface 110U of the face layer 110 faces upwardly.
While the mat 100 has been described herein as a floor mat and with reference to
"upper" and "lower" for convenience, it will be appreciated that the mat 100 and each
of the mats described herein may be positioned or installed such that the mat is
suspended from a ceiling or vertical wall so that the upper and lower orientations are
reversed. However, in any event, the mats are preferably positioned or installed such
that the face layer faces outwardly away from the adjacent surface (e.g., the ceiling,
wall or floor) and the base layer faces toward said adjacent surface). Sounds
emanating from or into the vehicle, particularly from below, can be absorbed, at least
in part, by the acoustic absorbing layer 120. The integral construction of the mat 100,
and in particular, the secure joinder between the layers 110, 120 and 130 can provide
a durable mat 100. The mats 100, 100' may be designed such that they are reversible
so that they can be disposed with the face layer 110 facing the support surface and the
base layer 130 facing outwardly.

The foregoing is illustrative of the present invention and is not to be construed
as limiting thereof. Although a few exemplary embodiments of this invention have
been described, those skilled in the art will readily appreciate that many modifications
are possible in the exemplary embodiments without materially departing from the
novel teachings and advantages 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 that the foregoing is illustrative of the present
invention and is not to be construed as limited to the specific embodiments disclosed,
and that modifications to the disclosed embodiments, as well as other embodiments,
are intended to be included within the scope of the appended claims. The invention is

defined by the following claims, with equivalents of the claims to be included therein.
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THAT WHICH IS CLAIMED IS:

1. A multi-layer acoustically absorptive mat comprising:

a base layer comprising a central portion and a peripheral portion around the
central portion, and wherein a plurality of apertures are formed in the peripheral
portion in adjacent, spaced-apart relationship;

a face layer disposed adjacent the base layer; and

an acoustic absorbing layer interposed between the peripheral portion of the
base layer and the face layer, wherein the acoustic absorbing layer includes a

respective exposed portion extending across each of the apertures.

2. The mat of Claim 1, wherein the central portion of the base layer is

directly bonded to the face layer.

3. The mat of Claim 1, further comprising a peripheral channel between
the plurality of apertures and an edge of the mat.

4. The mat of Claim 1, wherein the acoustic absorbing layer is adhesively

secured to the face layer.

5. The mat of Claim 1, wherein the exposed portion of the acoustic
absorbing layer extends outwardly from the respective apertures beyond the base

layer.

6. The mat of Claim 1, wherein a portion of the acoustic absorbing layer
between the peripheral portion of the base layer and the face layer is compressed

relative to the exposed portion of the acoustic absorbing layer.

7. The mat of Claim 1, wherein the acoustic absorbing layer is formed of
an acoustically absorptive material selected from the group consisting of a foamed

material and a fiber material.



WO 03/082631 PCT/US03/07510

8. The mat of Claim 7, wherein the acoustically absorptive material is
selected from the group consisting of open cell, polyether polyurethane foam,
polypropylene foam, reticulated foam, natural fiber batt, synthetic fiber batt, glass

fiber batt, non-woven carpet, and foamed latex.

9. The mat of Claim 1, wherein the acoustic absorbing layer is formed of

a material that is air permeable and water-resistant.

10.  The mat of Claim 1, including an air permeable, water-resistant layer

interposed between the acoustic absorbing layer and the face layer.

11.  The mat of Claim 1, wherein the base layer is formed of a moldable
material selected from the group consisting of natural rubber, butadiene polymers,
butadiene copolymers, isoprene polymers, isoprene copolymers, chloroprene rubbers,
polyvinyl chloride, polyethylene, ethylene vinyl acetate, polypropylene, polystyrene,
thermoplastic rubber, thermoplastic olefins, styrene butadiene block copolymers, and

blends and copolymers thereof.

12. The mat of Claim 1, wherein the face layer is formed of a decorative

material selected from the group consisting of carpet, fabric and non-woven material.

13.  The mat of Claim 1, wherein the central portion of the base layer
comprises a plurality of apertures that are configured to attenuate sound incident on

the central portion of the base layer.
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