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TIRE TREAD HAVING GROOVE WITH INTERNAL VOIDS

FIELD OF THE INVENTION

[oo01] The present invention relates to tire having a tread with a novel groove structure

for enhanced wet and snow traction over various stages of tread wear without unnecessary

compromise to the fread rigidity.

BACKGROUND OF THE INVENTION

[0002] During typical use on passenger or commercial vehicles, tires can encounter wet

and/or snow conditions depending upon the geographic location of use. Accordingly, tires
have frequently been provided with various features in an effort enhance traction under
such conditions. For example, grooves may be provided that create edges to improve snow
traction and to provide for accumulation and evacuation of fluids to improve wet traction.,
[0003] Unfortunately, the addition of various features to improve wet and snow traction
may adversely affect other aspects of tire performance. For example, the addition of
grooves can reduce the rigidity of the tread. Such reduced rigidity can have an undesired
impact on €.g., wear, rolling resistance, and other characteristics.

[0004] Accordingly, a tire having a tread for improved wet and snow traction would be
useful. A tire that can provide such improved traction over the life of its tread would also
be very useful. A tire that can also provide such traction without unnecessary compromise
to the rigidity of the tread, particularly at the early stages of tread life, would also be

beneficial.

SUMMARY OF THE INVENTION

[0005] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of
the invention.

[0006] In one exemplary embodiment, the present invention provides a tire having an
axis of rotation and defining lateral and circumferential directions. The tire includes a

tread portion extending circumferentially around the tire. The tread portion has at least one
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tread feature that includes a pair of sides that are opposed along the lateral direction and a
groove extending between the pair of sides. The groove includes a radially-outer portion
that is fluidly connected with a radially-inner portion. The radially-outer portion of the
groove is defined by a pair of planar walls extending substantially parallel to each other.
The radially-inner portion of the groove includes a plurality of voids that are spaced apart
along the length of the groove. Each void is defined by 1) a pair of diverging side walls that
diverge along the radial direction moving toward the axis of rotation of the tire and ii) a
basewall connected between the pair of diverging side walls.

[0007] In another exemplary embodiment, the present invention provides a tire having
an axis of rotation and defining lateral and circumferential directions. The tire includes a
tread portion extending circumferentially around the tire. The tread portion has at least one
tread feature that includes a groove extending between laterally opposing sides of the tread
feature. The groove defines a length and has a top portion defined by substantially parallel,
opposing top walls extending along the direction of the groove length, and a bottom portion
defined by opposing bottom walls. At least one of the opposing side walls diverges from
the radial direction to define at least one cavity between the opposing side walls, The
bottom portion and the top portion are in fluid communication with each other. Along the
length of the groove the bottom portion alternates between i) a cavity created by only one
of the opposing side walls diverging from the radial direction and it) a cavity created by
both of the opposing side walls diverging from the radial direction.

[0008] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill in the art, is set forth in the specification, which
makes reference to the appended figures, in which:

[0010] FIG. 1 is a partial perspective view of an exemplary tread portion for a tire as
may be used with the present invention. The aesthetics of the particular design shown are

provided by way of example only.
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[0011] FIG. 2A is a partial perspective view of an exemplary tread feature, a rib in this
example, as may be used with the present invention. An exemplary embodiment of a
groove of the present invention is shown with dashed lines representing internal features.
FIG. 2B provides a cross-sectional view of this embodiment, taken along lines 2B-2B of
FIG. 2A.

[0012] FIG. 3 is a partial perspective view of another exemplary tread feature, a rib in
this example, as may be used with the present invention. Another exemplary embodiment
of a groove of the present invention is shown with dashed lines representing internal
features.

[0013] FIG. 4A is a partial perspective view of another exemplary tread feature, a rib in
this example, as may be used with the present invention. Another exemplary embodiment
of a groove of the present invention is shown with dashed lines representing internal
features. FIG. 4B is a partial top view of the exemplary embodiment of FIG. 4A with
dashed lines representing internal features. FIG. 4C is a cross-sectional view taken along
line 4C-4C in FIG. 4B. FIG. 4D is another cross-sectional view taken along line 4D-4D in
FIG. 4B.

[0014] FIG. 5A is a partial perspective view of another exemplary tread feature, a rib in
this example, as may be used with the present invention. Another exemplary embodiment
of a groove of the present invention is shown with dashed lines representing internal
features.

[0015] FIG. 5B is side view of the mold negative of the exemplary groove of FIG. 5A.
Stated alternatively, if the groove of FIG. 5A was converted to a solid shape, the resulting
shape would appear as in FIG. 5B. FIG. 5C is a side view of one of the cavities of the
exemplary groove of the present invention with dimensions as described herein.

[0016] FIGS. 6 and 7 are plots of simulated data as will be described below.

[0017] The use of identical or similar reference numerals in different figures denotes

identical or similar features,

DETAILED DESCRIPTION OF THE INVENTION

[0018]  The present invention relates to tire having a tread with a novel groove structure
for enhanced wet and snow traction over various stages of tread wear without unnecessary
compromise to the tread rigidity. Voids are provided in a lower portion of a groove and

include edges for traction while also contributing to evacuation and accumulation,
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particularly at later stages of the tread life. For purposes of describing the invention,
reference now will be made in detail to embodiments and/or methods of the invention, one
or more examples of which are illustrated in or with the drawings. Each example is
provided by way of explanation of the invention, not limitation of the invention, In fact, it
will be apparent to those skilled in the art that various modifications and variations can be
made in the present invention without departing from the scope or spirit of the invention.
For instance, features or steps illustrated or described as part of one embodiment, can be
used with another embodiment or steps to yield a still further embodiments or methods,
Thus, it is intended that the present invention covers such modifications and variations as
come within the scope of the appended claims and their equivalents.

[0019] FIG. 1 is a partial perspective view of an exemplary tread portion 100 for a tire
as may be used with the present invention. Tread portion 100 includes multiple tread
features or ribs 102 that extend around the circumferential direction C of the tire. As will
be understood by one of skill in the art using the teachings disclosed herein, the present
invention may be used with other types of tread features as well such as e.g., tread blocks
and others.

[0020] Tread portion 100 is mounted onto a tire (not shown) that defines lateral
direction L, circumferential direction C, and radial direction R {which is shown in FIGS. 2-
7). As will be readily understood, circumferential direction C extends around the
circumference of the tire, lateral direction L is perpendicular to circumferential direction C
and extends between the shoulders of the tire, and radial direction R represents a radius
from the axis of rotation of the tire. The axis of rotation of the tire is also parallel to lateral
direction L.

[0021] Ribs 102 include a plurality of grooves 104 extending between a pair of sides
106 that oppose each other along lateral direction L. The aesthetics of the particular tread
portion 100 shown are provided by way of example only and other embodiments are within
the scope of the invention. For example, grooves 104 are shown in FIG. 1 as extending
between sides 106 at a particular angle from lateral direction L but other angles may also
be used. For example, in FIGS. 2 through 5, such grooves are shown parallel to the lateral
direction L. While a plurality of grooves 104 are all shown at the same angle with respect
to lateral direction L in FIG. 1, a combination of different angles may also be used in that

grooves 104 of different ribs 102 may be at different angles with respect to one another or
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grooves 104 on a given rib 1f1ay be provided at various angles. Other configurations may
also be used.

[0022]  FIG. 2A is a partial perspective view of a single rib 102 where for clarity groove
104 is illustrated as parallel to lateral direction L and where dashed lines represent internal
features. FIG. 2B provides a cross-sectional view of a cavity or void 114 taken along lines
2B-2B as shown in FIG. 2A. Groove 104 includes a top or radially outer portion 108 (FIG.
2B) that is fluidly connected with a bottom or radially inner portion 110. .As used herein,
“fluidly connected” or “in fluid communication” means the two portions 108 and 110 are
conmected such that a fluid (e.g., water) could pass between the two portions.

[0023] Radialty-outer portion 108 of groove 104 is defined by a pair of walls 112 that
are substantially parallel with one another and substantially parallel to radial direction R.
For this exemplary embodiment, the pair of wall 112 are each substantially planar. Top
walls 112 oppose one another along radial direction R and also extend along the entire
length G of groove 104. The radially-inner portion 110 of groove 104 includes a plurality
of cavities or voids 114. As best shown in FIG. 2, voids 114 are spaced apart along the
length G of groove 104. For this particular exemplary embodiment, voids 114 are fluidly
connected with each other along the length G of groove 104 by a pair of connecting walls
116 that extend substantially parallel to one another and radial direction R so as to create a
channel 118 through which a fluid can flow between voids 114,

[0024] Still referring to FIGS. 2A and 2B, the radially-inner portion 110 of each void
114 is defined by a pair of opposing side walls 121 that diverge along the radial direction R
moving toward the axis of rotation of the tire (i.e. moving in a direction opposite to radial
direction R). A pair of substantially parallel walls 120 also extend along the radial
direction and connect to walls 121. To complete void 114, a base wall 122 connects to
walls 120 and spans between walls 120. Base wall 122 is positioned radially inward or
below the pair of diverging side walls 121 as best shown in FIG. 2B. Although three voids
are shown for groove 104 in FIG. 2, a single void 114 or multiple voids 114 may be
employed as well.

[0025] Accordingly, during operation of a tire containing tread feature 102, groove 104
provides edges 124 and voids 114 that can enhance wet and snow traction by providing
grip as well as allowing for the storage and evacuation of snow and fluids such as water
along its length G. During the early life of the tire while the radially outer portion 108 is
present, groove 104 has an initial depth D. As the tire wears, the overall depth D

5
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decreases. In a tire without groove 104, this reduction in depth would typically reduce the
volume available for water and snow accumulation and negatively affect wet and snow
traction. While more grooves (i.e. grooves without voids 114) might be added to such a
tire in an effort to improve traction, this addition will also decrease the rigidity of the tread,
which can negatively impact other aspects of tire performance such as wear. In contrast,
with the grooves of the present invention (such as the exemplary embodiments shown in
grooves 104), a reduction in overall depth D eventually wears the tread down to the voids
114 of radially inner portion 110, which continue to provide edges, accumulation, and
evacuation to enhance wet and snow traction without unacceptably decreasing the rigidity
of tread feature 102.

[0026] FIG. 3 illustrates another tread feature 202 with a groove 204 similar to the
embodiment of a groove 104 shown in FIGS. 2A and 2B. However, in this exemplary
embodiment of the present invention, groove 204 lacks a pair of connecting walls (compare
with walls 116 in FIGS. 2A-2B) between voids 214. Instead, a span wall 217 connecting
between walls 220 and diverging walls 221 is provided on this portion of void 214.
Accordingly, voids 214 are fluidly connected along length G only by the radially outer
potion 208 of groove 204. For certain applications, this exemplary embodiment can
provide sufficient wet and snow traction without such connecting walls,

[0027] Another exemplary embodiment of the invention is illustrated in FIGS. 4A and
4B. More specifically, FIG. 4A is a partial perspective view of a tread feature, a rib 402 in
this example, as may be used with the present invention. A groove 404 of the present
invention is shown with dashed lines representing internal features. FIG. 4B is a partial top
view of the exemplary embodiment of FIG. 4A, again with dashed lines representing
internal features.

[0028] Groove 404 includes a top or radially outer portion 408 that is fluidly connected
with a bottom or radially inner portion 410. As with previous embodiments, radially outer
portion 408 of groove 404 is defined by a pair of walls 412 that are substantially parallel
with one another and substantially parallel to radial direction R. Top walls 412 oppose one
another along radial direction R and also extend along the entire length G of groove 404,
[0029] As shown most clearly in FIG. 4B, the radially-inner portion 410 of groove 404
includes a plurality of voids 414 and partial voids 413. Voids 414 and partial voids 413
alternate along the length G of groove 404 and are fluidly connected with each other.

Referring to FIG. 4C, each void 414 is defined by a pair of opposing side walls 421 that
6
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diverge along the radial direction R moving toward the axis of rotation of the tire (i.e.
moving in a direction opposite to radial direction R). To complete void 414, a base wall
422 connects to walls 420, extends between walls 420, and is located below or radially
inward of the pair of diverging side walls 421, As shown in FIG. 4D, partial voids 413 are
defined on one side by a single diverging side wall 421 that diverges from radial direction
R moving toward the axis of rotation of the tire (i.c. moving opposite to radial direction R)
and connects with wall 420. On the other side, partial voids 413 are defined by a side wall
423 that is substantially parallel to the radial direction R. A base wall 422 connects to wall
420 and sidewall 423 and extends between them. Base wall 422 is positioned below, or
radially inward of, diverging side wall 421.

[0030] FIG. 5A illustrates another exemplary embodiment of a tread feature 502 with a
groove 504. The exemplary embodiment of FIG. 5A is similar to the embodiment of FIG.
3 except for the shape of the diverging and opposing side walls 521. As a comparison of
FIG. 3 and 5A reveals, the shape of walls 321 and 521 are different and are provided by
way of example only. Using the teachings disclosed herein, one or ordinary skill in the art
will understand that a variety of different shapes may be used for the opposing side walls
521. Additionally, the number of voids 514 is different from what is used in other
émbodiments of the invention, it being understood that a different number of voids may be
employed in various embodiments,

[0031] Dimensions for preferred embodiments of a void are shown in FIGS. 5B and 5C
using void 521 of groove 504 by way of example. More particularly, groove 504 is shown
having a top or radially-outer portion 508 with a depth D1 along the radial direction and a
bottom or radially-inner portion 510 with a depth D2 along the radial direction. The sum
of D1 and D2 provides the overall depth D of groove 504. Additionally, W1 represents the
width of the top portion 508 while W2 represents the width of the bottom portion 510. G2
represents the width of a void 521 along the direction of length L of groove 504. Gl
represents the width or amount of separation between voids 521 along the direction of
length L.

[0032] In a preferred embodiment, D1 is greater than or equal to about 20 percent of D,
In another preferred embodiment of the invention, W2 is greater than about 2 mm.
Another preferred embodiment of the invention is constructed with W2 being about 3 times
W1. In still another preferred embodiment of the invention, G1 and G2 are about equal to

one another, In still another embodiment of the invention, W1 is less than about 0.8 mm.

7
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Other preferred embodiments of the invention are constructed such that G1 is greater than 2
mm and/or G2 is greater than about 2 mm. These values represent preferred embodiments
of the invention only; other values and combinations thereof may be applied. These
dimensions may also be used with voids having different overall shapes than those shown
in the figures. Undulations may also be added to grooves of the present invention as well.
[0033] Simulations were prepared to investigate the rigidity of various embodiments of
the invention relative to the volume of the voids for such embodiments. FIG. 6 represents a
plot showing the results of such simulations in which the rigidity in the rolling direction is
plotted as a function of the void volume. The dashed line at the top, left end represents the
value of a straight groove with no voids while at the bottom end represents a groove having
a void that extends the entire length of the groove. As shown, the rigidity of the sculpture
decreases substantially as the overall volume of the void in the bottom of the groove
increases.

[0034] Data point 102 represents tread feature 102 having groove 104 as shown in
FIGS. 2A and 2B. Data point 202 represents tread feature 202 having a groove 204 as
shown in FIG. 3. Data point 402 represents a tread feature 402 having a groove 404 as
shown in FIG. 4. As indicated by the plot, each of these exemplary embodiments improved
the rigidity of the structure at a given void volume as compared to the structures
represented by the dashed line,

[0035] For a tire having a groove such as that shown in FIGS, 5A-5C, FIG. 7 provides
a plot of a simulated rigidity along the rolling direction as a function of G1. As shown, the
optimal range of values for G1 is between 2 and 4 mm with an optimum value at 3 mm,
[0036] While the present subject matter has been described in detail with respect to
specific exemplary embodiments and methods thereof, it will be appreciated that those
skilled in the art, upon attaining an understanding of the foregoing may readily produce
alterations fo, variations of, and equivalents to such embodiments. Accordingly, the scope
of the present disclosure is by way of example rather than by way of limitation, and the
subject disclosure does not preclude inclusion of such modifications, variations and/or
additions to the present subject matter as would be readily apparent to one of ordinary skill

in the art.
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WHAT IS CLAIMED IS:

1. A tire having an axis of rotation and defining lateral and circumferential
directions, the tire comprising;
a tread portion extending circumferentially around the tire, said tread portion having
at least one tread feature comprising:
5 a pair of sides that are opposed along the lateral direction;
a groove extending between the pair of sides, the groove comprising a
radially-outer portion fluidly connected with a radially-inner portion,
the radially-outer portion of the groove defined by a pair of planar
walls extending substantially parallel to each other, and
10 the radially-inner portion of the groove comprising a plurality of
voids that are spaced apart along the length of the groove, each void defined
by i} a pair of diverging side walls that diverge along the radial direction
moving toward the axis of rotation of the tire and ii) a basewall connected

between the pair of diverging side walls.

2, A tire as in claim 1, wherein the voids of the radially-inner portion of said
groove are fluidly connected along the length of the groove between the voids by a pair of

connecting walls extending substantially parallel to the radial direction.

3. A tire as in claim 1, wherein the voids of the radially-inner portion of said

groove are fluidly connected only by the radially-outer portion of the groove.

4. A tire as in claim 1, the radially inner portion further comprising a plurality
of partial voids that are spaced apart along the length of the groove, each partial void
defined by i) a diverging side wall that diverges from the radial direction moving towards
the axis of rotation of the tire and ii) a side wall that is substantially parallel to the radial

5  direction,

5. A tire as in claim 4, wherein the voids and partial voids of the radially-inner

portion are arranged in an alternating manner along the length of the groove.
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6. A tire as in claim 1, the groove having a depth along the radial direction of
D and the radially-outer portion of the groove having a depth along the radial direction of

D1, and wherein D1 is greater than or equal to 0.20 of D.

7. A tire as in claim 1, the radially-outer portion of the groove having a width
of W1 and the radially inner portion of the groove having a width of W2, wherein W2 is

greater than or equal to 3 times W1.

3. A tire as in claim 1, wherein the radially-outer portion of the groove has a
width of W1 and the radially inner portion of the groove has a width of W2, wherein W2 is

greater than or equal to 2 mm.,

9. A tire as in claim 1, the groove further comprising a pair of parallel,
connecting walls fluidly connecting the voids of the radially-inner portion of said groove,
and wherein ecach of the pair of connecting walls has a width G1 extending along the length
of said groove and each void has a width G2 extending along the length of said groove,

wherein G1 is about equal to G2,

10.  Atire as in claim 1, the groove further comprising a pair of parallel,
connecting walls fluidly connecting the voids of the radially-inner portion of said groove,
and wherein each of the pair of connecting walls has a length G1 extending along the
length of said groove and each void has a width G2 extending along the length of said

groove, wherein said G1 and G2 are each about 3 mm.

11.  Atire as in claim 1, the groove further comprising a pair of parallel,
connecting walls fluidly connecting the voids of the radially-inner portion of said groove,
and wherein each of the pair of connecting walls has a length G1 extending along the
length of said groove and each void has a width G2 extending along the length of said
groove, wherein G1 is in the range of about 2 to 4 mm and G2 is in the range of-about 2 to

4 mm.

10



WO 2013/002801 PCT/US2011/042568

12.  Atire as in claim 1, wherein said tread feature comprises a rib extending
around the circumference of the tire, said rib comprising a plurality of the grooves that are

equally spaced about the circumferential direction of the tire.

13, Atire asin claim 1, wherein said tread feature comprises a tread block.

14. A tire as in claim 1, wherein said tread feature comprises a tread block, said

tread block comprising a plurality of the grooves.

15.  Atire as in claim 1, wherein the groove is at a non-zero angle from the

lateral direction.

16. A tire, the tire having an axis of rotation and defining lateral and
circumferential directions, the tire comprising;
a tread portion extending circumferentially around the tire, said tread portion having
at least one tread feature comprising:
5 a groove extending befween laterally opposing sides of the tread feature, the groove
defining a length, the groove having a
a top portion defined by substantially parallel, opposing top walls extending along
the direction of the groove length; and,
a bottom portion defined by opposing bottom walls, wherein at [east one of the
10 opposing side walls diverges from the radial direction to define at least one cavity between
the opposing side walls, wherein the bottom portion and the top portion are in fluid
communication;
wherein along the length of the groove the bottom portion alternates between 1) a
cavity created by only one of the opposing side walls diverging from the radial direction
15 andii) a cavity created by both of the opposing side walls diverging from the radial

direction.

17. A tire as in claim 16, wherein opposing bottom walls define a plurality of

cavities spaced apart from each other along the length of the groove.

11
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18.  Atire as in claim 16, wherein both of the opposing sides walls diverge from
the radial direction to define a plurality of cavities spaced part from each other along the

length of the groove.

19. A tire as in claim 16, wherein along the length of the groove the bottom
portion alternates between i) a cavity created by only one of the opposing side walls
diverging from the radial direction and ii} a cavity created by both of the opposing side

walls diverging from the radial direction.

12
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