wo 20187101938 A1 | 0K 000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 June 2018 (07.06.2018)

(10) International Publication Number

WO 2018/101938 Al

WIPO I PCT

(51) International Patent Classification:
B60C 11/03 (2006.01) B60C 11/11 (2006.01)
B60C 11/12 (2006.01)

(21) International Application Number:
PCT/US2016/064268

(22) International Filing Date:
30 November 2016 (30.11.2016)
English
English
(71) Applicant (for all designated States except US):
COMPAGNIE GENERALE DES ETABLISSEMEN-

TS MICHELIN [FR/FR]; 12 Cours Sablon, 63000 Cler-
mont-Ferrand (FR).

(25) Filing Language:
(26) Publication Language:

(72) Inventors; and

(71) Applicants (for US only): COLLETT, Mark [US/US]; c¢/o
Michelin North America, Inc., Intellectual Property Dept.,
515 Michelin Road, Greenville, South Carolina 29605 (US).
LIMROTH, John [US/US]; c¢/o Michelin North Ameri-
ca, Inc., Intellectual Property Dept., 515 Michelin Road,
Greenville, South Carolina 29605 (US).

(74) Agent: HRIVNAK, Bret A. et al.; Hahn Loeser & Parks
LLP, 200 Public Square, Suite 2800, Cleveland, Ohio 44114
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KW,
KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG, MK,
MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: LATERAL DISCONTINUITIES HAVING THICKNESSES INCREASING FROM SHOULDER TO CENTER OF TIRE

TREAD

14

(57) Abstract: Embodiments include a tire tread having a plurality of tread elements and a plurality of lateral discontinuities arranged
along the tread width and tread length, each of the plurality of tread elements being spaced apart by one of the plurality of lateral
discontinuities. The tread width is divided into a plurality of regions, the plurality of regions including: (1) a pair of outermost regions,
each outermost region being arranged closest to one of the pair of opposing lateral sides of the tread, and (2) at least one centermost
region is arranged closest to the longitudinal centerline of the tread. Fach of the lateral discontinuities have a thickness, where the
thickness of one or more of the lateral discontinuities arranged in each of the outermost regions is smaller than the thickness of one or
more of the lateral discontinuities arranged in the centermost region.

[Continued on next page]



WO 2018/101938 A1 {100 Y000 0 00O

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



WO 2018/101938 PCT/US2016/064268

LATERAL DISCONTINUITIES HAVING THICKNESSES INCREASING FROM
SHOULDER TO CENTER OF TIRE TREAD
BACKGROUND

Field

[0001] This disclosure relates generally to tire treads, and more particularly, to tire

treads having a plurality of tread elements with lateral discontinuities arranged there between.

Description of the Related Art

[0002] Tread wear mostly occurs when the portion of tread in contact with a ground
surface exits this contact during tire rolling operation. This wear occurs as a result of slip
occurring between the tread and the ground surface as the tread exits contact, which arises
due to two phenomena acting concurrently. Particularly, this slip occurs due to the
combination of maximum shear strain and a reduction of radial pressure to zero occurring at

the trailing edge of tire contact, as the tread exits contact with the ground surface.

[0003] The wear profile of any tire generally relates the wear amongst all the ribs
arranged across the width of the tire tread, where a rib is an arrangement of one or more tread
elements extending the full length of the tire tread, and when installed on the tire, each rib
extends annularly around the tread. As for the wear profile, it is often desirous to maintain
consistent wear across all ribs of the tread. Not only is the rib-to-rib wear impacted by the
two phenomena discussed above, the variation in wear between ribs is also impacted by the
different radii along which the various ribs extend, as the lateral profile of most tires is not
flat but rather is rounded. In effect, for ribs of identical rigidity, a flatter lateral profile
generates less variation in wear from rib-to-rib, while a rounder lateral profile generates more

variation wear from rib-to-rib.

[0004] Common mechanisms for controlling the variation in wear across the
different ribs of the tread include: (1) altering the tread element (block) lengths based upon
rib location between a shoulder location and the center of the tread width, and (2) altering the
length or radius of any rib based upon rib location between a shoulder location and the center

of the tread width.

[0005] With regard to altering the length of tread elements, while this may provide
certain improvements for certain driving conditions, tire performance in other conditions may
be negatively impacted. As to altering the length or radius of any rib, while providing a
flatter profile may improve wear consistency across the width of the tread from rib-to-rib, this

flatter profile alters the shape of the tire footprint (the area of contact between the tire and the
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ground surface), which in turn provides a more rectangular footprint that can negatively

impact other performance measures, such as noise, handling, and comfort, for example.

[0006] Therefore, there is a need to provide another mechanism for improving the
wear consistency between ribs located across a tread width that does not necessarily generate

reductions in other performance measures.

SUMMARY

[0007] Embodiments include a tire tread comprising a tread length extending in a
longitudinal direction, a tread width extending in a lateral direction, a tread thickness
extending in a depthwise direction from an outer, ground-engaging side of the tread, each of
the longitudinal direction, the lateral direction, and the depthwise direction being
perpendicular to one another. The tread width extends between a pair of opposing sides of
the tread each arranged at a widthwise extent of the outer, ground-engaging side, and a
longitudinal centerline extending in the tread length in the longitudinal direction midway
across the tread width. The tire tread further includes a plurality of tread elements and a
plurality of lateral discontinuities arranged along the tread width and tread length, each of the
plurality of tread elements being spaced apart by one of the plurality of lateral discontinuities.
The tread width is divided into a plurality of regions, the plurality of regions including: (1) a
pair of outermost regions, each outermost region being arranged closest to one of the pair of
opposing lateral sides of the tread, and (2) at least one centermost region is arranged closest
to the longitudinal centerline of the tread. Each of the lateral discontinuities have a thickness,
the thickness being defined by opposing faces of the tire tread, each face extending laterally
and depthwise into the tread thickness with each corresponding lateral discontinuity. For the
plurality of lateral discontinuities, the thickness of one or more of the lateral discontinuities
arranged in each region of the pair of outermost regions is smaller than the thickness of one
or more of the lateral discontinuities arranged in the centermost region.

[0008] The foregoing and other objects, features and advantages of the invention
will be apparent from the following more detailed descriptions of particular embodiments of
the invention, as illustrated in the accompanying drawing wherein like reference numbers

represent like parts of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A is a top view of a tire tread, and a segment of the tire tread, where
the thickness of lateral discontinuities become greater when moving from shoulder ribs to the

center rib.
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[0010] FIG. 1B is a sectional view of the tread shown in FIG. 1A, showing the tread
width and thickness.

[0011] FIG. 2 is a sectional side view of a lateral discontinuity arranged within a
shoulder rib, taken along line 2-2 in FIG. 1A.

[0012] FIG. 3 is a sectional side view of a lateral discontinuity arranged within an
intermediate rib, taken along line 3-3 in FIG. 1A.

[0013] FIG. 4 is a sectional side view of a lateral discontinuity arranged within a
center rib, taken along line 4-4 in FIG. 1A.

[0014] FIG. 5 is a sectional side view of an alternative embodiment of the tire tread
shown in FIGS. 2-4, showing a lateral discontinuity extending linearly into the tread depth
biased to the direction of the tread thickness.

[0015] FIG. 6 is a sectional side view of an alternative embodiment of the tire tread
shown in FIG. 5, showing a lateral discontinuity extending into the tread depth biased to the
direction of the tread thickness and having a variable thickness.

[0016] FIG. 7 is a sectional side view of an alternative embodiment of the tire tread
shown in FIG. 5, showing a lateral discontinuity extending along a non-linear path into the
tread depth biased to the direction of the tread thickness.

[0017] FIG. 8 is a top view of an alternative embodiment to the tread shown in FIG.
2A, where a pair of central ribs are provided.

[0018] FIG. 9 is a top view of an alternative embodiment to the tread shown in FIG.
2A, where the tread is free of any ribs.

[0019] FIG. 10 is a variation of the embodiment shown in FIG. 1A, where lateral
discontinuities in each shoulder region and rib form lateral grooves and lateral sipes.

[0020] FIG. 11 is a top view of a lateral discontinuity arranged between a pair of
tread elements, where three voids are arranged along the length of the lateral discontinuity.

[0021] FIG. 12 is a side view of a lateral discontinuity arranged between a pair of
tread elements, where a submerged void is arranged at the terminal end of the lateral

discontinuity within the tread thickness.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

[0022] It is has been determined that by varying the thickness of any lateral
discontinuity between different regions or ribs arranged at different widthwise locations
across the tread, that is, by employing lateral discontinuities within a particular widthwise

region or rib having a thickness different from lateral discontinuities arranged in other regions
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or ribs located at different lateral locations across the tread width, more consistent wear may
be achieved across the tread width between the regions or ribs. Use of this new technique can
be used together with any of the other techniques for managing the wear profile of a tire
tread. It is especially appreciated that this new technique may be used as an alternative to the
other techniques, thereby permitting improved wear profiles without sacrificing other
performance measures that may arise when employing the other, prior art techniques. For
example, by not flattening the lateral tread profile, the advantages of maintaining a rounder
tread profile are enjoyed while still providing more consistent wear across the tire tread by
using this new technique. Accordingly, this new technique may be used with any tread
design to improve more consistent wear performance across the width of the tire tread.

[0023] A tire tread, as generally discussed herein, includes a tread length extending
in a longitudinal direction, a tread width extending in a lateral direction, a tread thickness
extending in a depthwise direction, each of the longitudinal direction, the lateral direction,
and the depthwise direction being perpendicular to one another. The tread width extends
between a pair of opposing sides of the tread. Each of the pair of sides are also referred to as
a lateral side of the tread. Each of the pair of opposing sides is arranged at the widthwise
extent of the outer, ground-engaging side of the tread, which extends along a lateral profile to
each of opposing widthwise extents until reaching a portion of the tread that begins to extend
down each opposing sidewall of the tire. Therefore, when referencing the width of the tread
herein, unless specifically noted otherwise, the width of the tread connotes the widthwise
extent of the outer, ground-engaging side and not the full widthwise extend of the tread
material, which extends beyond the lateral profile of the outer, ground-engaging side and
down the sidewalls of the tire. The tire tread also includes a widthwise centerline extending
in the direction of the tread length, or, in other words, in the longitudinal direction of the tire
tread, midway across the tread width between the pair of opposing sides.

[0024] The tire tread also includes a plurality of tread elements, which are also
referred to as tread blocks. These tread elements are separated by a plurality of
discontinuities, which may form any combination of grooves and sipes. Stated differently,
each tread element is defined by any combination of one or more discontinuities and any
lateral side edge of the tire tread. For example, an interior tread element spaced lateral
inward from a lateral side of the tread may be bounded by four (4) discontinuities, such as a
pair of spaced apart longitudinal grooves each extending in the longitudinal direction of the
tread length and a pair of spaced apart lateral discontinuities extending at least partially in a

direction of the tread width. By further example, a tread element arranged along a lateral side
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of the tire tread, which is referred to as a shoulder tread element, may be bounded by a lateral
side edge of the tread, a longitudinal groove, and a pair of spaced apart lateral discontinuities.
A lateral discontinuity, for any tread, may form a groove or sipe, where a sipe is a narrow
groove or laceration.

[0025] It is appreciated that tread elements may be arranged in any manner along
the tread, and may be submerged below the outer, ground-engaging side of the tread when at
least partially formed by submerged discontinuities. In certain instances, the tread elements
are arranged without using any longitudinal grooves extending in the longitudinal direction
(that is, the direction of the tread length), such that plurality of tread elements are not
arranged adjacently (side-by-side) in a longitudinal direction of the tread to form one or more
ribs. In certain other instances, a plurality of tread elements are arranged adjacently (side-by-
side) in a longitudinal direction of the tread to form one or more ribs and which are bounded
by a longitudinal groove. Adjacent tread elements (of the plurality of adjacent tread
elements) are separated by a lateral discontinuity. The plurality of tread elements forming a
rib may be described as forming an array of tread elements along the length of the
corresponding rib. A rib commonly extends a full length of the tread, but could, in certain
instances, extend less than the full length of the tire tread. While one or more ribs may be
provided, in particular instances, the tire tread includes a plurality of ribs extending in the
longitudinal direction of the tire tread.

[0026] In any tire tread, whether or not having any ribs, a lateral discontinuity has a
length extending at least partially in the lateral direction of the tire tread. When extending
partially in the lateral direction, the length also extends partially in the longitudinal direction
of the tread, whereby the length can be described as being biased relative to the lateral
direction. When not extending partially in the lateral direction, the lateral discontinuity
length extends in the lateral direction of the tread. The lateral discontinuity also has a
depthwise extension extending into the tread thickness at least partially in the direction of the
tread thickness away from the outer, ground-engaging side. The depthwise extension extends
perpendicular to the lateral discontinuity length. When this depthwise extension extends
partially in the direction of the tread thickness, the depthwise extension also extends partially
in the longitudinal direction of the tread, where the depthwise extension can be described as
being biased relative to the direction of the tread thickness. When not extending partially in
the direction of the tread thickness, the depthwise extension of the lateral discontinuity
extends in the direction of the tread thickness.

[0027] It is also noted that each lateral discontinuity has a thickness (also referred to
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as a width). The thickness extends in a direction perpendicular to the length and depthwise
extension of the lateral discontinuity. In certain instances, a lateral discontinuity has a zero
thickness, that is, when the lateral discontinuity forms a sipe comprising a laceration.
Otherwise, when the lateral discontinuity has a non-zero thickness, it is either a sipe that
forms a narrow groove or a lateral groove having a thickness greater than the width of the
narrow groove otherwise forming a sipe. In certain instances, the sipe has a width such that
the sipe is configured to articulate between an open configuration and a closed configuration
as the tire rotates during tire operation. A sipe can be described as having a width equal to or
less than 1.4 mm or equal to or less than 1.0 mm, and as low as zero (0).

[0028] Itis appreciated that the length of any lateral discontinuity may extend along
any linear or non-linear path. Likewise, the depthwise extension for any lateral discontinuity
may extend along any linear or non-linear path. Further, the thickness for any of the lateral
discontinuity has a thickness extending perpendicular to both the depthwise extension and
length of the lateral discontinuity. The thickness may be constant, or variable, as each lateral
discontinuity extends along the depthwise extension and along the length of the lateral
discontinuity.

[0029] It is appreciated that when the tire tread is in an unworn state, the lateral
discontinuities may extend into the tread thickness from the outer, ground-engaging side of
the tread or, when the lateral discontinuity is a submerged lateral discontinuity, extends into
the tread thickness from below the outer, ground-engaging side of the tread. When
submerged, the lateral discontinuity becomes exposed to the outer, ground-engaging side
after a thickness of the tread arranged between the outer, ground-engaging side and the
submerged lateral discontinuity is removed, such as due to wear, for example.

[0030] The tread width can be described as being divided into different widthwise
regions. For example, in certain instances, the tread is parsed into having at least a pair of
shoulder regions and a center region. Each of these regions extend across a portion of the
tread width and along the length of the tread, that is, the full length of the tread. In certain
instances, the width of these regions can be associated to the tread width by percentage. For
example, in certain instances, each of the center and shoulder regions form 1/3" of the tread
width. In other instances, the width of the center region is 15% to 30% of the tread width,
while the width of each shoulder region is 35% to 42.5% of the tread width. In still other
instances, the width of the shoulder region is 20% to 35% of the tread width, and the width of
the center region is 30% to 60% the tread width. Optionally, an intermediate region may be

arranged between any shoulder region and the center region, with the understanding that if an
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intermediate region is located between the center region and any shoulder region, a second
intermediate region may or may not be arranged between the center region and the other
shoulder region. It is appreciated that the width of any intermediate region can be equal to
any percentage of the tread width, but in certain instances, could be equal to 2% to 5% of the
of the tread width or 20% to 70% of the tread width, where these percentages contemplate the
tire tread having one or two intermediate regions. It is also contemplated that in any of the
prior instances, or in other instances, the shoulder region is 30% greater than the center
region and/or each of the shoulder and center regions are equal to or greater than 20 mm.
[0031] When a tire tread includes a plurality of ribs, the plurality of ribs are spaced
apart laterally, that is, in the direction of the tread width, where a longitudinal groove is
arranged between adjacent ribs. A longitudinal groove extends primarily in the direction of
the tread length, and may extend along a path that extends continuously in the direction of the
tread length or may also extend partially in the lateral direction at any location along the
longitudinal groove length as desired. The plurality of ribs includes a pair of outermost ribs,
each rib of the pair of outermost ribs being arranged closest to one of the pair of opposing
lateral sides of the tread of the plurality of ribs. These outermost ribs are each referred to as a
shoulder rib. The plurality of ribs also includes at least one centermost rib being arranged
closest to the longitudinal centerline of the tread of the plurality of ribs. It is appreciated that
the tire tread may have a single central rib (centermost rib) or a plurality of central ribs
(centermost ribs). For example, in certain instances, at least one centermost rib forms a
single central rib arranged closest to the widthwise centerline. This single central rib may be
arranged along the centerline. This single central rib may be arranged in any relation to the
centerline, such as being centered or offset from the centerline, for example. By further
example, at least one centermost rib may form a pair of central ribs arranged on laterally
opposing sides of the centerline. It is appreciated that for the pair, one may be arranged along
(coincident with) the centerline and the other spaced apart from the centerline by a short
distance to remain close or near the centerline. In other instances, each of the pair is spaced
apart from the centerline. Optionally, between one or each of the pair of outermost ribs and
the one or more centermost rib is arranged one or more intermediate ribs. As it is apparent
from the foregoing that various ribs may be present, it is appreciated that, for any
combination of ribs contemplated above, the plurality of ribs arranged along a tire tread
include at least three ribs (a pair of shoulder ribs and a center rib) but may include any
additional quantity of ribs. Regardless as to whether the quantity of ribs is odd or even in

number, it is appreciated that the arrangement of ribs may be symmetrical or asymmetrical
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about the widthwise centerline. It is appreciated that each rib may have any desired width,
although in certain instances, the width of teach rib is at least 20 mm and/or each shoulder rib
is between 20 and 40% greater than the corresponding center rib. It is also appreciated that,
in certain embodiments, the pair of shoulder ribs, the center rib, and any optional
intermediate ribs are arranged within a corresponding region discussed above, where any
shoulder rib is arranged within the shoulder region, any center rib is arranged within the
center region, and any intermediate rib present is arranged within an intermediate region. It
is appreciated that any intermediate region may include one or more intermediate ribs, any
center region may include one or more center ribs, and any shoulder region may include one
or more shoulder ribs.

[0032] With reference again to the various regions arranged across the tread width,
the thickness of at least one lateral discontinuity in each shoulder region is less than the
thickness of at least one tread element located in any central region, and when any
intermediate region is optionally present, the thickness of at least one tread element within
any intermediate region is less than the thickness of the at least one tread element in the
central region and greater than the thickness of the at least one tread element in each shoulder
region. In particular instances, with regard to ribs, the thickness of at least one lateral
discontinuity in each of the shoulder ribs is less than the thickness of at least one lateral
discontinuity in each central rib, and when any intermediate ribs are optionally present, the
thickness of at least one lateral discontinuity in an intermediate rib is less than the thickness
of at least one lateral discontinuity in a central rib and greater than the thickness of the at least
one lateral discontinuity in each shoulder rib. These relative associations between lateral
discontinuity thicknesses may be made by comparing at least one or each lateral discontinuity
in each of the regions or ribs, meaning, at least one or each lateral discontinuity in each
region or rib has any relative thicknesses characterized as previously noted, or the thickness
associations are made with regard to an average lateral discontinuity thickness determined for
each region or rib, or any lengthwise portion of each, whether or not the prior tread element
thickness characterizations are made with regard to these determined average thicknesses.

[0033] Determining the thickness of any lateral discontinuity may be accomplished
in a variety of ways. In any manner, the thickness of any lateral discontinuity is measured in
a direction perpendicular to the sipe length, or a centerline extending along the length of the
path, and perpendicular to the direction of the tread thickness, or to the depthwise path along
which the depthwise extension of the lateral discontinuity extends. This depthwise path

extends the full depth of the lateral discontinuity at a location halfway between each of the
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opposing faces of the tread forming the thickness of the lateral discontinuity. In measuring
the thickness of a lateral discontinuity, the thickness extends from one opposing face and
across the thickness of the lateral discontinuity and to the other opposing face. It is
appreciated that any one or more voids may be arranged along the length or depthwise extent
of a lateral discontinuity, where any such void has a thickness greater than the thickness of
the lateral discontinuity. Accordingly, it is stressed that the thickness measurement is not
measured from any void arranged along any lateral discontinuity. Instead, the tread element
thickness is measured from each opposing face associated with the lateral discontinuity. In
other words, the thickness is measured from each face associated with the lateral
discontinuity, and not along any void extending from any face along the lateral discontinuity.
It is appreciated that, for any lateral discontinuity, the thickness of the lateral discontinuity
may remain constant or vary across the width and/or depth of the lateral discontinuity.

[0034] In comparing between the thicknesses of lateral discontinuities arranged in a
shoulder region (the “outermost region™), in a center region (the “centermost region™), and,
when present, in an intermediate region, it is appreciated that any such thickness may form
any thickness measured along the depthwise extension of the lateral discontinuity and taken
at any location along the length of the lateral discontinuity, or the thickness may be an
average thickness determined for each such lateral discontinuity. In other instances, an
average lateral discontinuity thickness may be determined for each region, and the relative
average lateral discontinuity thicknesses provided amongst the shoulder and center regions,
and if present, each intermediate region.

[0035] For example, in certain instances, the thickness of a lateral discontinuity
taken at any location along the depthwise extension thereof in a shoulder region is less than
the thickness of a lateral discontinuity taken at any location along the depthwise extension
thereof in a center region, and when present, the thickness of a lateral discontinuity taken at
any location along the depthwise extension thereof in an intermediate region is less than the
thickness of the lateral discontinuity in the center region and greater than the thickness of the
lateral discontinuity in the shoulder region. In exemplary instances, the lateral discontinuity
thickness in the shoulder region is 0.13 mm, the lateral discontinuity thickness in the
intermediate region is 0.4 mm, and the lateral discontinuity thickness in the center region is
0.6 mm. In a more general example, the thickness of at least one lateral discontinuity in each
shoulder region is 0 to 0.3 mm and the thickness of at least one lateral discontinuity in the
center region is 0.3 to 0.8 mm or more in other variations. In another example, the thickness

of at least one lateral discontinuity in each shoulder region is 0 to 0.2 mm, the thickness of at
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least one lateral discontinuity in the center region is 0.2 to 0.4 mm or 0.4 to 0.8 mm, and the
thickness of at least one lateral discontinuity in any intermediate regions is 0.4 to 0.8 mm or
more in other variations. It is appreciated that the relative association between lateral
discontinuities in different regions and the thicknesses thereof may be made by relating
lateral discontinuities located at the same or different longitudinal locations around the tire.
In certain instances, the lateral discontinuities in different regions whose thicknesses are
being related are located at the same longitudinal location of the tire tread, where at the
longitudinal location, which extends across the tread width, a corresponding lateral
discontinuity located in a shoulder and central region, and when present, in an intermediate
region, are associated and characterized as having the relative thickness associations
described herein. In lieu of requiring association based upon a specific longitudinal location,
association between lateral discontinuity thicknesses within the different regions may occur
within a specific range of longitudinal locations. In particular instances, this is accomplished
within a segment of the tire tread. A segment of the tread can be described as a portion of the
tire tread that extends for a specified length less than the full length of the tread, and while
each segment may form a partial length of the tread, each segment extends the full width of
the tread. Often, the tread pattern, that is, the arrangement of voids along the outer, ground-
engaging side, repeats, where each segment forms a repeating portion of the tread pattern or
more generally of the tread, although minor variations may occur between segments, such as
to slightly increase or decrease the size of certain features to improve noise performance. As
such, the tread is comprised of multiple segments that may or may not be the same. While
any quantity of segments may be arranged adjacently in the lengthwise direction of the tire to
form the tire tread, by example, a tire tread may be formed of 20 to upwards of 80 segments.
In certain other instances, in associating between lateral discontinuity thicknesses within the
different regions within a specific range of longitudinal locations, the lateral discontinuities
related by the different thicknesses are arranged to be concurrently arranged within a tire
footprint during tire operation. A tire footprint is the area of contact between a tire, and more
specifically, the tire tread and a ground surface. It is the outer, ground-engaging side of the
tire tread that contacts the ground. In certain instances, the related lateral discontinuities are
located in the direction of the tread length O to 20% of the footprint length, where the
footprint length is measured in the direction of the tread length.

[0036] In comparing between the thicknesses of lateral discontinuities arranged in a
shoulder rib (the “outermost rib”), in a center rib (the “centermost rib”), and, when present,

an intermediate rib, it is appreciated that any such thickness may form any thickness
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measured along the depthwise extension of the lateral discontinuity and taken at any location
along the length of the lateral discontinuity, or the thicknesses may be an average thickness
determined for each such lateral discontinuity. In other instances, an average lateral
discontinuity thickness may be determined for each rib, and the average lateral discontinuity
thicknesses are relatively provided between shoulder, intermediate, and center ribs.

[0037] For example, in certain instances, the thickness of a lateral discontinuity
taken at any location along the depthwise extension thereof in a shoulder rib is less than the
width of a lateral discontinuity taken at any location along the depthwise extension thereof in
a center rib, and when present, the thickness of a lateral discontinuity taken at any location
along the depthwise extension thereof in an intermediate rib is less than the thickness of the
lateral discontinuity in the center rib and greater than the thickness of the lateral discontinuity
in the shoulder rib. For example, in certain instances, the lateral discontinuity thickness in
the shoulder rib is (.13 mm, the lateral discontinuity thickness in the intermediate rib is 0.4
mm, and the lateral discontinuity thickness in the center rib is 0.6 mm. In a more general
example, the thickness of at least one lateral discontinuity in each shoulder rib is 0 to 0.3 mm
and the thickness of at least one lateral discontinuity in each center rib is 0.3 to 0.8 mm or
more in other variations. In another example, the thickness of at least one lateral
discontinuity in each shoulder rib is 0 to 0.2 mm, the thickness of at least one lateral
discontinuity in any center rib is 0.2 to 0.4 mm or 0.4 to 0.8 mm, and the thickness of at least
one lateral discontinuity in any intermediate rib is 0.4 to 0.8 mm or more in other variations.
It is appreciated that the relative association between lateral discontinuities in different ribs
and the thicknesses thereof may be made by relating lateral discontinuities located at the
same or different longitudinal locations around the tire. In certain instances, the lateral
discontinuities in different ribs whose thicknesses are being related are located at the same
longitudinal location of the tire tread, where at the longitudinal location, which extends
across the tread width, a corresponding lateral discontinuity located in a shoulder and central
rib, and when present, in an intermediate rib, are associated and characterized as having the
relative thickness associations described herein. In lieu of requiring association based upon a
specific longitudinal location, association between lateral discontinuity thicknesses within the
different ribs may occur within a specific range of longitudinal locations In particular
instances, this is accomplished within a segment of the tire tread, as described previously
above. In certain other instances in associating between lateral discontinuity thicknesses
within the different ribs within a specific range of longitudinal locations, the lateral

discontinuities related by the different thicknesses are arranged to be concurrently arranged

11



WO 2018/101938 PCT/US2016/064268

within a tire footprint during tire operation, as described previously.

[0038] When relating the thicknesses of different lateral discontinuities as
contemplated herein, in particular instances, this is done at a particular depth of the tread
thickness. Accordingly, this depth may be located at a zero depth, that is, at the outer, ground
engaging side of the tread, or at any depth below the outer, ground-engaging side.

[0039] Indetermining an average thickness for any lateral discontinuity, the average
thickness is an average thickness as determined at any particular depth of the lateral
discontinuity, where the average thickness is determined along the length of a subject lateral
discontinuity. It is appreciated that the average may be determined according to any desired
method. For example, in particular instances, when either or both the opposing faces extend
in any direction along non-linear paths, linear regression may be employed to convert the
non-linear path of any corresponding face to an associated linear path. When doing so, the
average thickness for any non-linear path is determined using the associated linear path. Of
course, other techniques may be employed when any face of the pair of opposing faces
forming the lateral discontinuity thickness is characterized as extending in any direction
along a non-linear path, such as using differential equations or other known techniques,
including use of any modeling or analytical software program. In other instances, when
determining an average thickness for any lateral discontinuity, the average thickness is not
quantified as an average taken at a particular depth of the tread thickness, but rather an
average taken for over the full depth of the tread element. This may be accomplished using
any of a variety of known techniques.

[0040] Exemplary embodiments of the tire treads discussed above will now be
described in association with the figures.

[0041] In an exemplary embodiment shown in FIG. 1A, improvements over prior
art tire treads are shown, where in the exemplary tread 10, the thickness T4 of the lateral
discontinuities 24 in the shoulder ribs 228 are less than those in the center rib 22C and
intermediate ribs 22I. Further, the thickness T4 of the lateral discontinuities 24 in the
intermediate ribs 221 are less than those in the center rib 22C. More generally with regard to
the tread 10 in the exemplary embodiment, a segment 20 of the exemplary tread 10 is shown,
the segment 20 forming a portion of the tread where the segment extends longitudinally for
only a portion of the tread length Ly and across the tread width Wy between opposing lateral
sides 14. Tread width Wiy is the width of the tread associated with the outer, ground-
engaging side 12, and not necessarily the full tread width, which may or may not extend

down towards the tire sidewall. The tread 10 and tread segment 20 each include a plurality of
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widthwise regions of the tread, namely, a pair of shoulder regions Rg arranged at the
outermost extend of tread width Wy, a center region R¢ arranged closest to the tread
centerline CL, and intermediate regions Ry each arranged between the center region R¢ and
one of the shoulder regions Rg. Each region Rg, R¢, Ry includes a portion of the plurality
tread elements 26 and a portion of the plurality of lateral discontinuities 24. It is evident that
the thickness Ta4 of lateral discontinuities 24 in the shoulder regions Rg are less than those in
the center region R¢ and intermediate regions Ry, while the thickness T4 of the lateral
discontinuities 24 in the intermediate region Ry are less than those in the center region R¢. In
the embodiment shown, each partition between adjacent regions is arranged along
longitudinal grooves 21, but it is appreciated that in other instances, it is not necessary to
align these partitions at or within longitudinal grooves as the partitions may be arranged at
any desired location across the tread width. The tread 10 and the tread segment 20 also
include a plurality of ribs 22S, 22I, 22C, separated by a longitudinal groove 21. In this
instance, each shoulder rib 228 is arranged in one of the shoulder regions Rg, center rib 22C
is arranged in center region Rc, and each intermediate rib 22y is arranged in one of the
intermediate regions Ry. Each rib includes a plurality of lateral discontinuities 24 spaced
apart in the longitudinal direction of the tread (direction of tread length L) to define tread
elements (tread blocks) 26 in each rib. Each tread element 26 has a length L;¢ measured in
the direction of the tread length Ljg. In the exemplary embodiment shown all tread elements
26 in each of the ribs 228, 221, 22C have equal lengths L,g; however, in other variations, the
tread element lengths may vary within a rib and/or between ribs as desired. It is also noted
that each lateral discontinuity 24 has a length L,4. In the embodiment shown, each length L,
extends linearly in the direction of the tread width Wy (that is laterally, perpendicular to the
direction of both the tread length L;¢ and thickness Tjg); however, in other variations, each
may extend at an angle biased to the direction of the tread width and/or may extend along a
non-linear path. In the embodiment shown, the lateral discontinuities in the shoulder regions
Rs and shoulder ribs 22R are sipes, while the lateral discontinuities in the other ribs and
regions are either sipes or grooves.

[0042] With reference to the view shown in FIG. 2B, the lateral profile of the tire
tread of FIG. 2A is shown, where the tread width W1y extends between the pair of opposing
lateral sides 14 of the tread 10, the width forming a widthwise extent of the outer, ground-
engaging side 12 of the tread 10. Tread width Wiy extends along a lateral profile until
reaching each lateral side 14, at which point the tread 10 begins to extend down towards each

opposing sidewall of the tire. Therefore, when referencing the tread width Wy, as noted
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previously, unless specifically noted otherwise, the tread width Wy references the widthwise
extent of the outer, ground-engaging side 12 and not necessarily the full widthwise extend of
the tread material, which may or may not extend beyond the lateral profile of the outer,
ground-engaging side and down the sidewalls of the tire.

[0043] With reference to FIGS. 2-4, the thicknesses of the lateral discontinuities are
shown, which vary between regions and ribs. With reference to FIG. 2, a lateral discontinuity
24 of a shoulder rib 228 is shown, the lateral discontinuity 24 extending depthwise into the
tread thickness Tj¢ from an outer, ground-engaging side 12 of the tread 10, the lateral
discontinuity 24 extending from a first terminal end 28A and to a second terminal end 28B
within the tread thickness. The lateral discontinuity 24 has a thickness T»4 extending between
opposing faces 30 of the tread. Thickness T4 is measured perpendicular to the direction of
depthwise extension of the lateral discontinuity 24, where the direction of depthwise
extension, in this instance, extends in the direction of the tread thickness Ti¢ (that is,
perpendicular to both the direction of the tread width and the direction of tread length).

[0044] With reference to FIG. 3, a lateral discontinuity 24 of an intermediate rib 221
is shown, the lateral discontinuity 24 extending depthwise into the tread thickness Ty from
an outer, ground-engaging side 12 of the tread 10, the lateral discontinuity 24 extending from
a first terminal end 28A and to a second terminal end 28B within the tread thickness. The
lateral discontinuity 24 has a thickness T4 extending between opposing faces 30 of the tread.
Thickness T4 is measured perpendicular to the direction of depthwise extension of the lateral
discontinuity 24, where the direction of depthwise extension, in this instance, extends in the
direction of the tread thickness Tyq (that is, perpendicular to both the direction of the tread
width and the direction of tread length). As can be seen relatively between FIGS. 2 and 3, the
lateral discontinuity 24 of the shoulder rib in FIG. 2 has a narrower thickness T4 than the
lateral discontinuity 24 shown in the intermediate rib in FIG. 3.

[0045] With reference to FIG. 4, a lateral discontinuity 24 of a center rib 22C is
shown, the lateral discontinuity 24 extending depthwise into the tread thickness Tyy from an
outer, ground-engaging side 12 of the tread 10, the lateral discontinuity 24 extending from a
first terminal end 28A and to a second terminal end 28B within the tread thickness. The
lateral discontinuity 24 has a thickness T4 extending between opposing faces 30 of the tread.
Thickness T4 is measured perpendicular to the direction of depthwise extension of the lateral
discontinuity 24, where the direction of depthwise extension, in this instance, extends in the
direction of the tread thickness Tjg (that is, perpendicular to both the direction of the tread

width and the direction of tread length). As can be seen relatively between FIGS. 2 and 4, the
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lateral discontinuity 24 of the shoulder rib in FIG. 2 has a narrower thickness T4 than the
lateral discontinuity 24 shown in the center rib in FIG. 4. It can also be seen relatively
between FIGS. 3 and 4 that the lateral discontinuity 24 of the intermediate rib in FIG. 3 has a
narrower thickness T4 than the lateral discontinuity 24 shown in the center rib in FIG. 4.
[0046] With reference now to another exemplary embodiment in FIG. 5, an
exemplary lateral discontinuity 24 extends depthwise into the tread along a linear path Py,
where the depthwise extension is biased relative to the direction of the tread thickness Tq by
angle ¢. In this embodiment, angle ¢ is positive, as it extends in the direction of intended tire
rotation. Still, any positive or negative angle may be employed as desired. It is also noted
that path P4 extends through the depthwise extension midway across the thickness T»4 and
between opposing faces (sides) 30, so to form a midline through the depth of the lateral
discontinuity. In this embodiment, the thickness T»4 is constant along the depthwise
extension, as opposing faces are also linear and equally spaced from the midline (path Py4). It
is appreciated that this constant thickness is shown to occur at a particular location along the
length of the lateral discontinuity (as the figure depicts a cross-section of the tread at a
particular lengthwise location), and therefore, it is understood that the constant thickness may
remain constant along the length of the lateral discontinuity or the thickness may vary as the
lateral discontinuity extends to different locations along the length. Still, it is contemplated
that the thickness of any lateral discontinuity may vary as a lateral discontinuity extends in
any direction. In exemplary variations, with reference to FIG. 6, the thickness T4 of a lateral
discontinuity 24 is shown to vary along its depthwise extension within the tread thickness.
The thickness T4 generally varies linearly, as each of the opposing faces 30 extend linearly
within the tread thickness. With reference now to FIG. 7, in another exemplary embodiment
the thickness T4 of a lateral discontinuity 24 is shown to extend depthwise along a non-linear
path P24. Both opposing faces 30 also extend along a non-linear path, and because the path
each face 30 extends is not only non-linear, but is also spaced apart from the midline (the
non-linear path Pa4), the thickness T4 remains constant through the depthwise extension.
Multiple thickness references T4 are shown at various locations along the depthwise
extension of the lateral discontinuity to reinforce the notion that the thickness T,y is to be
measured in a direction perpendicular to the path P,4 at any location along the depthwise
extension of the lateral discontinuity 24. Of course, in other variations, each face may be
linear or non-linear, or any combination thereof, such that the lateral discontinuity thickness

remains constant or variable.
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[0047] FIGS. 5-7 have been provided to show how thicknesses of lateral
discontinuities are to be measured. The same principles are to be employed when measuring
the thickness in any other plane or direction, such as along the length of each lateral
discontinuity. It is appreciated that when any lateral discontinuity is a sipe, and when one or
more voids are arranged along the length and/or depth of said sipe, where any such void is
thicker than the lateral discontinuity, any such void forms a separate feature and the lateral
discontinuity thickness is considered separate from any such void for the purposes of
determining the lateral discontinuity thickness. For example, with reference to FIG. 12, this
may occur when a lateral sipe 24 is coupled to a submerged groove 42 to form a tear drop
sipe or, with reference to FIG. 11, when a lateral sipe 24 is coupled to a plurality of grooves
40 extending depthwise into the tread thickness Tyg from the outer, ground-engaging side 12.
In more specific instances where the lateral discontinuity is a sipe configured to close during
tire operation, the presence of any separate but coupled groove feature is generally
inconsequential. This is because the contact between opposing faces occurs. In more
specific instances, where a separate but coupled void is present, the sipe provides a minimum
contact surface area between the opposing faces that comprises at least 20% of each face of
the combined sipe and groove. Accordingly, when determining the thickness of a lateral
discontinuity, the thickness of any groove forming a distinct feature that is coupled to a sipe
should be disregarded. This does not mean that a lateral discontinuity that forms a groove is
not to be considered, as a lateral discontinuity may form a groove itself. What is meant is
that if a lateral discontinuity includes any voids arranged along its length or depth, if the
voids, in sum, do not consume more than 80% of the lateral discontinuity length or depth, or,
as stated previously if 20% contact remains between the opposing faces forming the lateral
discontinuity when the lateral discontinuity either closes during tire operation or when the
sipe thickness is zero, all such voids are to be ignored when determining the lateral
discontinuity thickness or average thickness. This is especially true when the lateral
discontinuity is a sipe, but more broadly for any lateral discontinuity. Further, while in the
figures all lateral discontinuities are shown to extend fully across a rib, it is appreciated that
any such lateral discontinuity may extend partially across the width of a rib, and may or may
not form a discontinuous lateral discontinuity that intermittently extends across the width of a
rib.

[0048] In similar fashion, it is appreciated that all lateral discontinuities in any
region or rib can vary. For example, in FIG. 10, a variation of FIG. 1 is shown where lateral

discontinuities 24 forming lateral grooves 24¢ are shown arranged in shoulder region Rg and
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in shoulder ribs 228, where the lateral grooves 24¢ are spaced apart to form a larger block 26
containing a plurality of lateral discontinuities 24 forming sipes 24s. In instances such as
this, where a pair of lateral grooves are employed to form a larger block containing one or
more lateral sipes, the lateral sipe thicknesses are compared to other lateral discontinuities in
any other region or rib, which may or may not also be arranged within a larger block defined
by a pair of opposing lateral grooves. In similar fashion, the lateral grooves may not be
included when calculating an average lateral discontinuity thickness for any region or rib,
meaning, the average thickness would focus on the lateral discontinuities arranged within any
tread element formed between any pair of lateral grooves.

[0049] As noted previously, a tread may include any number of ribs, but at least a
pair of shoulder ribs and a center rib. With reference to another exemplary tire tread in FIG.
8, a variation of the tread 10 of FIG. 1A is shown. In FIG. 8, a tire tread 10 having six (6)
ribs is shown, which include shoulder ribs 228 and intermediate ribs 221, but unlike the tread
of FIG. 1A, which has a single center rib 22C, the tire tread 10 of FIG. 8 has a pair of center
ribs 22C spaced apart by a longitudinal groove 21, each center rib 22C located on opposite
sides of the centerline CL and spaced apart from the centerline CL It is appreciated that each
center rib 22C may be spaced apart from the centerline CL by the same distance (such as is
exemplarily shown) or by different distances, which would render the tire tread asymmetrical
about centerline CL.

[0050] As noted previously, a tread may include a plurality of tread elements that
are not arranged in a rib. In an exemplary embodiment shown in FIG. 9, a plurality of tread
elements 26 are arranged along a segment 20 of a tread 10. The tread elements 26 are
separated by lateral discontinuities 24 and longitudinal grooves 21’ that do not extend the full
length Ljg of the tread. Therefore, each array of tread elements 26 arranged adjacent each
longitudinal groove 21’ do not form a rib since the array of tread elements 26 does not extend
the full length Ljg of the tread due to each corresponding longitudinal groove 21’ extending
at an angle biased to the longitudinal direction Ly of the tread. In this embodiment, instead
of arranging lateral discontinuities 24 of different thicknesses T4 as otherwise described
herein between ribs, different lateral discontinuities thicknesses T»4 are arranged between
shoulder regions Rg, a center region R¢, and intermediate regions Ry. Of course, in other
variations, one or more ribs may be included in any tread while other tread elements outside
any of the one or more ribs may be associated with a shoulder or center region, or, if present,
an intermediate region.

e

[0051] To the extent used, the terms “comprising,” “including,” and “having,” or
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any variation thereof, as used in the claims and/or specification herein, shall be considered as
indicating an open group that may include other elements not specified. The terms “a,” “an,”
and the singular forms of words shall be taken to include the plural form of the same words,
such that the terms mean that one or more of something is provided. The terms “at least one”
and “one or more” are used interchangeably. The term “single” shall be used to indicate that
one and only one of something is intended. Similarly, other specific integer values, such as

2

“two,” are used when a specific number of things is intended. The terms “preferably,”

EEINYY EEINYS

“preferred,” “prefer,” “optionally,” “may,” and similar terms are used to indicate that an item,
condition or step being referred to is an optional (i.e., not required) feature of the
embodiments. Ranges that are described as being “between a and b” are inclusive of the
values for “a” and *“b” unless otherwise specified.

[0052] While various improvements have been described herein with reference to
particular embodiments thereof, it shall be understood that such description is by way of
illustration only and should not be construed as limiting the scope of any claimed invention.
Accordingly, the scope and content of any claimed invention is to be defined only by the
terms of the following claims, in the present form or as amended during prosecution or
pursued in any continuation application. Furthermore, it is understood that the features of
any specific embodiment discussed herein may be combined with one or more features of any

one or more embodiments otherwise discussed or contemplated herein unless otherwise

stated.
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CLAIMS

What is claimed is:

1. A tire tread comprising:

a tread length extending in a longitudinal direction, a tread width extending in a
lateral direction, a tread thickness extending in a depthwise direction from an outer,
ground-engaging side of the tread, each of the longitudinal direction, the lateral
direction, and the depthwise direction being perpendicular to one another,

the tread width extending between a pair of opposing sides of the tread each
arranged at a widthwise extent of the outer, ground-engaging side, and a longitudinal
centerline extending in the tread length in the longitudinal direction midway across
the tread width,

a plurality of tread elements and a plurality of lateral discontinuities arranged
along the tread width and tread length, each of the plurality of tread elements being
spaced apart by one of the plurality of lateral discontinuities;

where the tread width is divided into a plurality of regions, the plurality of regions
including: (1) a pair of outermost regions, each outermost region being arranged
closest to one of the pair of opposing lateral sides of the tread, and (2) at least one
centermost region is arranged closest to the longitudinal centerline of the tread,

where each of the lateral discontinuities have a thickness, the thickness being
defined by opposing faces of the tire tread, each face extending laterally and
depthwise into the tread thickness with each corresponding lateral discontinuity,
where for the plurality of lateral discontinuities, the thickness of one or more of the
lateral discontinuities arranged in each region of the pair of outermost regions is
smaller than the thickness of one or more of the lateral discontinuities arranged in the

centermost region.

2. The tire tread of claim 1, where the thickness of the lateral discontinuities in each of

the pair of outermost regions is 0 to 0.2 mm.

3. The tire tread of claim 1 or claim 2, where the tire tread includes a plurality of ribs
extending in the longitudinal direction of the tire tread, where a portion of the
plurality of tread elements are arranged side-by-side in the longitudinal direction of
the tread in each rib of the plurality of ribs,

where the plurality of ribs includes a pair of outermost ribs, each rib of the pair

of outermost ribs arranged closest to one of the pair of opposing lateral sides of the

19



WO 2018/101938 PCT/US2016/064268

10.

11.

tread of the plurality of ribs, and at least one centermost rib arranged closest to the
longitudinal centerline of the tread of the plurality of ribs,

where one rib of the pair of outermost ribs is arranged in one of the pair of outermost
regions and the other rib of the pair of outermost ribs is arranged in the other of the

pair of outermost ribs, and where the center rib is arranged in the center region.

The tire tread of claim 3, where the thickness of the lateral discontinuities in each of

the pair of outermost ribs is 0 to 0.2 mm.

The tire tread of any one of claims 1 to 4 further comprising:

an intermediate region arranged between the centermost region and at least one of
the pair of outermost regions, at least one of the lateral discontinuities in each
intermediate region having a thickness greater than at least one of the lateral
discontinuities arranged in the pair of outermost regions and smaller than at least one

of the lateral discontinuities arranged in the centermost region.

The tire tread of claims 5 further comprising:
one or more intermediate ribs arranged between at least one centermost rib and the
pair of outermost ribs, each of the one or more intermediate ribs being arranged in the

intermediate rib.

The tire tread of any one of claims 1 to 6, where each of the lateral discontinuities

forms a sipe or a groove.

The tire tread of any one of claims 1 to 7, where each of the plurality of lateral

discontinuities forms a sipe.

The tire tread of claim 8, where each the sipe thickness for each sipe is configured to
articulate between an open configuration and a closed configuration as the tire rotates

during tire operation.

The tire tread of any one of claims 1 to 9, where each of the lateral discontinuities

extend into the tread from the outer, ground-engaging side of the tread.

The tire tread of any one of claims 1 to 10, where the at least one lateral discontinuity
arranged in each of the pair of outermost regions having the thickness that is smaller
than the at least one lateral discontinuity arranged in the centermost region is arranged
within a segment of the tread, the segment of the tread extending the width of the

tread and partially in the longitudinal direction of the tread.
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12.

13.

14.

15.

16.

17.

18.

The tire tread of any one of claims 1 to 11, where the at least one of the tread elements
arranged in the at least one centermost region having a length greater than a length of
at least one of tread elements arranged in the pair of outermost regions is arranged to

be within a tire footprint concurrently during tire operation.

The tire tread of any one of claims 1 to 12, where the at least one lateral discontinuity
arranged in each of the pair of outermost regions having the thickness that is smaller
than the at least one lateral discontinuity arranged in the centermost region is arranged

at the same lengthwise location along the tread length.

The tire tread of any one of claims 1 to 13, where an average thickness of the lateral
discontinuities arranged in each of the pair of outermost regions is smaller than an

average thickness of the lateral discontinuities arranged in the centermost region.

The tire tread of claim 14, where the average thickness of the lateral discontinuities
arranged in the pair of outermost regions is smaller than an average thickness of the
lateral discontinuities arranged in the one or more intermediate regions, and where the
average thickness of the lateral discontinuities in the one or more intermediate regions
is smaller than the average thickness of lateral discontinuities arranged in each of the

at least one centermost region.

The tire tread of any one of claims 1 to 15, where an average thickness of the lateral
discontinuities arranged in the pair of outermost ribs is smaller than an average

thickness of the lateral discontinuities arranged in the at least one centermost rib.

The tire tread of claim 16, where the average thickness of the lateral discontinuities
arranged in the pair of outermost ribs is smaller than an average thickness of the
lateral discontinuities arranged in each of the one or more intermediate ribs, and
where the average thickness of the lateral discontinuities in the one or more
intermediate ribs is smaller than the average thickness of the lateral discontinuities

arranged in each of the at least one centermost rib.

The tire tread of any one of claims 1 to 17, where the thickness for any one or more of

the plurality of lateral discontinuities is variable.
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