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MOLD CAVITY HAVING GROOVES FORMED BY A
FLEXIBLE MESH SHEET

CROSS REFERENCE TO RELATED APPLICATION

[0001]  This application claims priority from and the benefit of U.S. Provisional
Application Serial No. 61/496,332, entitled “MOLD CAVITY HAVING GROOVES
FORMED BY A FLEXIBLE MESH SHEET”, filed June 13, 2011, which is hereby

incorporated by reference in its entirety.
BACKGROUND

[0002] The invention relates generally to a mold cavity having grooves formed by

a flexible mesh sheet.

[0003] Vehicle seating typically includes a seat bottom and a seat back to support
a driver or passenger. In certain seating configurations, both the seat bottom and seat
back include a rigid chassis, cushions, and a fabric covering. The cushions are
coupled to the rigid chassis, and the fabric covering is disposed about the assembly.
Certain cushions are formed by injecting a foamable liquid into a mold cavity having
a shape corresponding to the desired cushion shape. As the chemicals of the foamable
liquid react, the foam expands to fill the interior of the mold cavity, thereby assuming
the shape of the cavity. Once the foam hardens, the cushion may be removed from

the mold and used within the vehicle seat.

[0004] As will be appreciated, expansion of the foam within the mold cavity
displaces the surrounding air. Therefore, to enable the foam to expand, typical mold
cavities include vents (e.g., auto vents) having openings sufficiently small to facilitate
air passage while blocking the flow of foam out of the mold. Unfortunately, due to
the spacing of the vents, air pockets may form between the interior of the mold cavity
and the expanding foam. As a result, undesirable voids may be formed along the
exterior surface of the cushion. One method to reduce the possibility of void
formation is to provide grooves within the interior surface of the mold cavity to

facilitate air flow to the vents.
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[0005] In certain mold formation techniques, the grooves are directly machined
into the interior surface of the mold cavity. Unfortunately, machining the grooves is
an expensive and time consuming process, thereby increasing the overhead costs
associated with cushion production. In other mold formation techniques, the grooves
are formed during the casting process. For example, a model may be constructed
(e.g., machined from a block of material) having a shape representative of the desired
cushion. Individual linear ridges (e.g., wooden dowels) are then cut and glued to an
exterior surface of the model. Finally, the mold cavity is formed from the model such
that the ridges form corresponding grooves within the interior surface of the mold

cavity.

[0006] Due to the curvature of the model, the linear ridges are divided into short
segments, and each segment is meticulously aligned and glued to the exterior surface
of the model. As a result, the process of applying the ridges to a model having
complex shapes may be exceedingly time consuming, thereby increasing the costs
associated with mold production. In addition, an iterative process may be employed
to determine an effective location for each ridge. For example, if a mold cavity
formed from a model having a particular ridge configuration produces cushions
having voids, the ridges may be reconfigured to compensate, thereby further
increasing the duration and costs associated with mold production. Furthermore, if
fewer ridges are employed to reduce mold construction time, more vents (e.g., auto
vents and/or parting line vents) will be utilized to reduce the possibility of void
formation. Unfortunately, the additional vents will increase the possibility of
expanding foam flowing into the vents, thereby producing flash (i.e., undesirable

foam protrusions) on the cushion and/or clogging the vents.

BRIEF DESCRIPTION OF THE INVENTION

[0007]  The present invention relates to a method of manufacturing a mold cavity
including forming a model having a shape representative of a desired product, and
applying a flexible mesh sheet to an exterior surface of the model. The flexible mesh

sheet includes multiple ridges forming a repeating cellular pattern. The method also
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includes forming the mold cavity from the model such that the ridges form

corresponding grooves within an interior surface of the mold cavity.

[0008] The present invention also relates to a mold cavity prepared by a process
including forming a model having a shape representative of a desired product, and
applying a flexible mesh sheet to an exterior surface of the model. The flexible mesh
sheet includes multiple ridges forming a repeating cellular pattern. The process also
includes forming the mold cavity from the model such that the ridges form

corresponding grooves within an interior surface of the mold cavity.

[0009]  The present invention further relates to a product formed by a mold cavity
prepared by a process including forming a model having a shape representative of the
product, and applying a flexible mesh sheet to an exterior surface of the model. The
flexible mesh sheet includes multiple ridges forming a repeating cellular pattern. The
process also includes forming the mold cavity from the model such that the ridges

form corresponding grooves within an interior surface of the mold cavity.

DRAWINGS

[0010] FIG. 1 is a perspective view of an exemplary vehicle seat that may include

a cushion produced in a mold cavity having grooves formed by a flexible mesh sheet.

[0011]  FIG. 2 is a perspective view of an exemplary model and an embodiment of
a flexible mesh sheet configured to establish grooves in a mold cavity formed from

the model.

[0012] FIG. 3 is a top view of an embodiment of a cell that may be employed
within the flexible mesh sheet of FIG. 2.

[0013] FIG. 4 is a top view of an embodiment of a mold cavity formed from the

model of FIG. 2.

[0014] FIG. 5 is a flow diagram of an exemplary method for manufacturing a mold

cavity.
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[0015] FIG. 6 is a flow diagram of an exemplary method for applying a flexible

mesh sheet to an exterior surface of a model.

[0016] FIG. 7 is a flow diagram of an exemplary method for forming a mold cavity

from a model.

DETAILED DESCRIPTION

[0017] FIG. 1 is a perspective view of an exemplary vehicle seat 10 that may
include a cushion produced in a mold cavity having grooves formed by a flexible
mesh sheet. As illustrated, the seat 10 includes a seat bottom 12 and a seat back 14.
In the present embodiment, the seat bottom 12 includes a seat bottom chassis, one or
more cushions, and a fabric covering. The seat bottom chassis serves to support the
weight of a passenger during normal vehicle operation and during high g-force events
(e.g., rapid acceleration or deceleration, etc.). The seat bottom chassis also secures
the seat bottom 12 to a floor of a vehicle, and provides a mounting surface for the seat
back 14. One or more cushions may be coupled to the seat bottom chassis to provide
passenger comfort, and the fabric covering may be disposed about the assembly to
provide a desired appearance and/or to protect the internal components of the seat
bottom 12. The seat back 14 may be constructed in a similar manner, i.¢., from one or

more cushions secured to a rigid chassis and wrapped with a fabric covering.

[0018]  As illustrated, the seat bottom 12 is secured to a seat track 16. The seat
track 16, in turn, is secured to the floor of the vehicle by mounting feet 18. In certain
configurations, the seat 10 may be configured to translate along the seat track 16 to
adjust a longitudinal position of a driver or passenger. As will be appreciated,
adjustment of the seating position may be either manual or assisted. For example, an
electric motor may be configured to drive the seat 10 along the track 16 by a suitable
mechanism such as a rack and pinion system. In addition, the seat back 14 may be
configured to recline with respect to the seat bottom 12. Adjustment of the seat back

14 may also be either manual or assisted by an electric motor, for example.

[0019] The cushions within the seat bottom 12 and/or the seat back 14 may be

formed by injecting a foamable liquid (e.g., polyurethane foam) into a mold cavity
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having a shape corresponding to the desired cushion shape. As the chemicals of the
foamable liquid react, the foam expands to fill the interior of the mold cavity, thereby
assuming the shape of the cavity. Once the foam hardens, the cushion may be
removed from the mold and used within the vehicle seat 10. As will be appreciated,
expansion of the foam within the mold cavity displaces the surrounding air.
Therefore, to enable the foam to expand, the mold cavity includes vents (e.g., auto
vents) having openings sufficiently small to facilitate air passage while blocking the
flow of foam out of the mold. In addition, the mold cavity includes grooves within
the interior surface to facilitate air flow to the vents. Consequently, the possibility of
developing voids along the exterior surface of the cushion due to the formation of air
pockets between the interior of the mold cavity and the expanding foam is

substantially reduced or eliminated.

[0020]  As discussed in detail below, the grooves within the interior surface of the
mold cavity are formed by a flexible mesh sheet. For example, in certain
embodiments, the mold cavity is manufactured by a casting process. First, a model
having a shape representative of a desired product (e.g., a cushion within the seat
bottom 12 or the seat back 14) is formed. Next, a flexible mesh sheet having multiple
ridges forming a repeating cellular pattern is applied to an exterior surface of the
model. Finally, the mold cavity is formed from the model such that the ridges form
corresponding grooves within the interior surface of the mold cavity. In certain
embodiments, the mold cavity is formed by applying material (e.g., plaster, a fiber
glass/resin mixture, etc.) to the exterior surface of the model to form a pattern,
packing sand around the pattern to form an impression, and casting the mold cavity

from the impression.

[0021] Because the mesh sheet is flexible, the ridges of the sheet will naturally
follow the contours of the model. Consequently, the duration and costs associated
with ridge formation will be substantially reduced compared to techniques involving
meticulously gluing dowels to the model to form the ridges. In addition, a ridge
pattern may be readily revised by removing portions of the flexible mesh sheet from
certain regions of the exterior surface of the model, and/or adding additional flexible

mesh sheets to other regions. Furthermore, due to the reduced duration and costs
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associated with ridge formation, a large number of ridges may be formed on the
exterior surface of the model. As a result, the ridges will establish grooves having a
significant aggregate volume. Consequently, the number of vents (e.g., auto vents
and/or parting line vents) may be significantly decreased, thereby substantially
reducing or eliminating the possibility of flash formation and/or clogged vents. In
certain embodiments, the grooves may have sufficient volume to accommodate all of
the air displaced during the foam expansion process, thereby obviating the vents and

substantially decreasing the costs associated with mold production.

[0022] FIG. 2 is a perspective view of an exemplary model and an embodiment of
a flexible mesh sheet configured to establish grooves in a mold cavity formed from
the model. As illustrated, a model 20 having a shape representative of a seat bottom
cushion includes an exterior surface 22 having a variety of contours 24. The shape
may be established by machining the model 20 from a solid block of material (e.g.,
wood, plastic, metal, etc.). As discussed in detail below, ridges are applied to the
model to establish corresponding grooves within a mold cavity formed from the
model. In the illustrated embodiment, the ridges are established by applying a
flexible mesh sheet 26 to the exterior surface 22 of the model 20. The flexible mesh
sheet 26 includes ridges 28 forming multiple cells 30, and establishing a repeating
cellular pattern. Due to the flexibility of the mesh sheet 26, the ridges 28 will
naturally follow the contours 24 of the exterior surface 22 as the sheet 26 is applied to
the model 20. Consequently, the duration associated with establishing ridges on the
model via the flexible mesh sheet may be significantly less than techniques involving

meticulously gluing dowels to the exterior surface of the model to establish the ridges.

[0023] In the illustrated embodiment, an adhesive layer 32 is applied to the flexible
mesh sheet 26. For example, the adhesive layer may be applied during the
manufacturing process for the flexible mesh sheet, or immediately prior to applying
the flexible mesh sheet to the exterior surface of the model. Once the adhesive layer
is applied, the flexible mesh sheet 26 may be affixed to the exterior surface 22 of the
model 20. After the adhesive has cured and/or hardened, the mold cavity may be
formed from the model such that the ridges of the flexible mesh sheet form

corresponding grooves within an interior surface of the mold cavity.
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[0024] In the illustrated embodiment, the flexible mesh sheet 26 is applied to a
first region of the exterior surface 22 of the model 20, and a second flexible mesh
sheet 34 is applied to a second region. The size, shape and location of each sheet may
be particularly configured to accommodate the air displaced during the foam molding
process. For example, the mesh sheets may be particularly positioned to substantially
reduce the possibility of void formation along the exterior surface of the foam
cushion. While two flexible mesh sheets are included in the illustrated embodiment,
it should be appreciated that alternative embodiments may include more or fewer
mesh sheets. For example, certain embodiments may include 1, 2, 3, 4, 5, 6, or more

flexible mesh sheets to establish the desired ridge pattern.

[0025] FIG. 3 is a top view of an embodiment of a cell 30 that may be employed
within the flexible mesh sheet of FIG. 2. While the illustrated cell 30 is hexagonal, it
should be appreciated that alternative embodiments may employ other cell shapes.
For example, certain cells may be rectangular, triangular, pentagonal or circular,
among other shapes. In the illustrated embodiment, the cell 30 has a width 36 and a
ridge thickness 38. As will be appreciated, the cell width 36 and the ridge thickness
38 may be particularly selected to achieve a desired groove pattern within the interior
surface of the mold cavity. For example, ridge thickness 36 may be increased to
provide a larger groove volume, thereby enabling the grooves to accommodate
additional displaced air. In addition, the cell width 36 may be decreased to establish
tighter spacing between grooves, thereby further reducing the possibility of void

formation during the foam molding process.

[0026] FIG. 4 is a top view of an embodiment of a mold cavity 40 formed from the
model of FIG. 2. As discussed in detail below, the mold cavity 40 may be formed by
applying material (e.g., plaster, a fiber glass/resin mixture, etc.) to the exterior surface
of the model to form a pattern, packing sand around the pattern to form an impression,
and casting the mold cavity from the impression (e.g., by pouring liquid metal into the
sand impression). As a result of the casting process, the ridges of the flexible mesh
sheet will form grooves 42 within the interior surface of the mold cavity 40. The
grooves 42 are configured to accommodate air displaced during the foam molding

process, and to facilitate air flow to vents, such as the illustrated auto vent 44. As
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illustrated, the vent 44 is in fluid communication with one of the grooves 42, thereby
enabling the displaced air to flow out of the mold cavity. Because the grooves 42
may be interconnected throughout the interior surface of the mold cavity 40, air from
various regions of the cavity may be directed to a single vent, or a small number of
vents spaced along the interior surface. As a result, the costs associated with mold
production may be significantly lower than molds employing fewer separated grooves
and a larger number of vents, such as molds formed by applying linear dowels to the
exterior surface of the model. While an auto vent 44 is utilized in the illustrated
embodiment, it should be appreciated that alternative embodiments may employ a
parting line vent (i.c., a vent positioned at the parting line between mold cavities),
either alone or in combination with an auto vent. Furthermore, it should be
appreciated that certain embodiments may include grooves having sufficient volume
to accommodate all of the air displaced during the foam molding process. In such
embodiments, the vent 44 may be omitted, thereby further reducing the cost of mold

construction.

[0027] FIG. 5 is a flow diagram of an exemplary method 46 for manufacturing a
mold cavity. First, as represented by block 48, a model having a shape representative
of a desired product (e.g., a seat bottom cushion, a seat back cushion, etc.) is formed.
For example, a block of material (e.g., wood, plastic, metal, etc.) may be machined to
achieve the desired shape. Next, a flexible mesh sheet having multiple ridges forming
a repeating cellular pattern is trimmed to a desired shape, as represented by block 50.
The flexible mesh sheet is then applied to an exterior surface of the model, as
represented by block 52. In certain embodiments, a single sheet may be trimmed and
applied to a desired region of the exterior surface of the model. Alternatively,
multiple flexible mesh sheets may be trimmed and applied to different regions of the

exterior surface (e.g., regions in which voids are more likely to form).

[0028]  As represented by block 54, the mold cavity is then formed from the model
such that the ridges of the flexible mesh sheet form corresponding grooves within an
interior surface of the mold cavity. Because the grooves are formed by the flexible
mesh sheet, the process of meticulously coupling dowels to the model to form grooves

in the mold cavity is obviated, thereby substantially reducing the duration and costs
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associated with mold production. In certain embodiments, a vent (e.g., auto vent or
parting line vent) is coupled to the mold cavity such that the vent is in fluid
communication with at least one groove, as represented by block 56. As previously
discussed, the vent facilitates air flow out of the mold to enable expansion of the
foam. However, it should be appreciated that alternative embodiments provide
grooves having sufficient volume to accommodate all of the air displaced during the
foam expansion process. In such embodiments, the vent may be omitted, thereby

substantially reducing the cost of mold construction.

[0029] FIG. 6 is a flow diagram of an exemplary method 52 for applying a flexible
mesh sheet to an exterior surface of a model. First, as represented by block 58, an
adhesive layer is applied to the flexible mesh sheet. For example, the adhesive layer
may be applied during the manufacturing process for the flexible mesh sheet, or
immediately prior to applying the flexible mesh sheet to the exterior surface of the
model. Once the adhesive layer is applied, the flexible mesh sheet is coupled to the
exterior surface of the model via the adhesive layer, as represented by block 60. In
certain embodiments, exposure to air and/or a reaction between chemicals in the
adhesive layer will cause the layer to gel and harden, thereby bonding the flexible
mesh sheet to the exterior surface of the model. Alternatively, heat may be applied
(e.g., via an autoclave) to the flexible mesh sheet to activate the adhesive layer, as
represented by block 62. Once the flexible mesh sheet is bonded to the model, the
mold cavity may be formed such that the ridges of the flexible mesh sheet form

corresponding grooves within an interior surface of the mold cavity.

[0030] FIG. 7 is a flow diagram of an exemplary method 54 for forming a mold
cavity from a model. First, as represented by block 64, material is applied to the
exterior surface of the model to form a pattern. For example, the material may
include plaster, a fiber glass/resin mixture and/or any other suitable material capable
of conforming to the contours of the model and the flexible mesh sheet. Once the
material cures and/or hardens, the pattern, which is a negative of the model, is
separated from the model. Sand is then packed around the pattern to form an
impression, as represented by block 66. As will be appreciated, the sand impression

is a negative of the pattern, i.e., a positive of the model. The pattern is then removed,
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and the mold cavity is cast from the impression, as represented by block 68. For
example, liquid metal (e.g., aluminum, steel, bronze, etc.) may be poured into the
sand impression, thereby forming a negative of the impression. As a result, the ridges
of the flexible mesh sheet will form corresponding grooves within the mold cavity,
thereby enabling the mold cavity to accommodate the air displaced during the foam

molding process.

[0031] While only certain features and embodiments of the invention have been
illustrated and described, many modifications and changes may occur to those skilled
in the art (e.g., variations in sizes, dimensions, structures, shapes and proportions of
the various eclements, values of parameters (e.g., temperatures, pressures, etc.),
mounting arrangements, use of materials, colors, orientations, etc.) without materially
departing from the novel teachings and advantages of the subject matter recited in the
claims. The order or sequence of any process or method steps may be varied or re-
sequenced according to alternative embodiments. It is, therefore, to be understood
that the appended claims are intended to cover all such modifications and changes as
fall within the true spirit of the invention. Furthermore, in an effort to provide a
concise description of the exemplary embodiments, all features of an actual
implementation may not have been described (i.e., those unrelated to the presently
contemplated best mode of carrying out the invention, or those unrelated to enabling
the claimed invention). It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous
implementation specific decisions may be made. Such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit of

this disclosure, without undue experimentation.

10
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CLAIMS:

1. A method of manufacturing a mold cavity, comprising:

forming a model having a shape representative of a desired product;

applying a flexible mesh sheet to an exterior surface of the model, wherein the
flexible mesh sheet includes a plurality of ridges forming a repeating cellular pattern;
and

forming the mold cavity from the model such that the plurality of ridges forms

a corresponding plurality of grooves within an interior surface of the mold cavity.

2. The method of claim 1, wherein each cell of the repeating cellular

pattern is substantially hexagonal.

3. The method of claim 1, wherein forming the model comprises

machining the shape representative of the desired product from a block of material.

4. The method of claim 1, wherein applying the flexible mesh sheet to the
exterior surface of the model comprises coupling the flexible mesh sheet to the

exterior surface via an adhesive layer.

5. The method of claim 4, wherein the adhesive layer is applied to the
flexible mesh sheet prior to applying the flexible mesh sheet to the exterior surface of

the model.

6. The method of claim 4, comprising activating the adhesive layer via
application of heat after applying the flexible mesh sheet to the exterior surface of the

model.
7. The method of claim 1, comprising trimming the flexible mesh sheet to

a desired shape prior to applying the flexible mesh sheet to the exterior surface of the

model.

11
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8. The method of claim 1, comprising applying a plurality of flexible

mesh sheets to different regions of the exterior surface of the model.

9. The method of claim 1, wherein forming the mold cavity comprising
applying material to the exterior surface of the model to form a pattern, packing sand
around the pattern to form an impression, and casting the mold cavity from the

impression.

10.  The method of claim 1, comprising coupling a vent to the mold cavity

such that the vent is in fluid communication with at least one groove.

11. A mold cavity prepared by a process, comprising;:

forming a model having a shape representative of a desired product;

applying a flexible mesh sheet to an exterior surface of the model, wherein the
flexible mesh sheet includes a plurality of ridges forming a repeating cellular pattern;
and

forming the mold cavity from the model such that the plurality of ridges forms

a corresponding plurality of grooves within an interior surface of the mold cavity.

12. The mold cavity of claim 11, comprising a vent coupled to the mold

cavity and in fluid communication with at least one groove.

13.  The mold cavity of claim 11, wherein each cell of the repeating

cellular pattern is substantially hexagonal.

14.  The mold cavity of claim 11, wherein the process comprises coupling

the flexible mesh sheet to the exterior surface of the model via an adhesive layer.
15.  The mold cavity of claim 11, wherein the process comprises applying a

plurality of flexible mesh sheets to different regions of the exterior surface of the

model.

12
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16. A product formed by a mold cavity prepared by a process, comprising:

forming a model having a shape representative of the product;

applying a flexible mesh sheet to an exterior surface of the model, wherein the
flexible mesh sheet includes a plurality of ridges forming a repeating cellular pattern;
and

forming the mold cavity from the model such that the plurality of ridges forms

a corresponding plurality of grooves within an interior surface of the mold cavity.

17.  The product of claim 16, wherein the product is formed by injecting a

foamable liquid into the mold cavity.

18.  The product of claim 16, wherein the mold cavity comprises a vent

coupled to the mold cavity and in fluid communication with at least one groove.

19.  The product of claim 16, wherein each cell of the repeating cellular

pattern is substantially hexagonal.

20.  The product of claim 16, wherein the process comprises coupling the

flexible mesh sheet to the exterior surface of the model via an adhesive layer.

13
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