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(54) Title: TIRE WITH TREAD HAVING VARIABLE SIPE DENSITY AND ROUND CROWN

(57) Abstract: This invention relates generally to tires having treads that have a configuration and/or properties for maintaining hy -
droplaning performance, dry braking performance and improved wear resistance, and, more specifically, to a tire that has a tread that
has a variable sipe density, i.e a higher sipe density in its central portion and a lower sipe density in its shoulder portions, as well as a
round crown with a predetermined inflated profile droop. Another embodiment of the present invention further includes the addition
of a member that provides more structural stiffness across the crown. of a tire, such that better compromises between hydroplaning,
dry braking, and wear performances can be obtained.
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TIRE WITH TREAD HAVING VARIABLE SIPE DENSITY AND ROUND CROWN

BACKGROUND OF THE INVENTION

Field of the Invention

{101} This invention relates generally to ties having treads thatl have a

3
configuration andfor properties for mainteining hydroplaning performance, dry braking
performange and Inproved wear resistance, atd, more specitically, to a tire that has & tread
that has & variable sipe density, Le a bigher sipe density in its central portion and a lower sipe
density in its shoulder portions, as well as a round crown with a predefenmined inflated
profile droop. Another embodiment of the present invention further includes the addition of a
member that provides mare structural stiffaess across the crown of a tire, such that better

eomprommises between hydroplantng, dry braking, and wear performances can be obtained.

Description of the Related Ast

{88021 Those skilled in the arl are familiar with the inherent compromise in
designing a tive that has both 3 long wear lie and 3 good hydroplaning performance. For
example, 8 square footprint in the coutaet patch of a tive in use is usually considered to be
optinal for achieving a long wear life. Such a footpring glves an squivalent £ib .ifmg{h fu the

contact patch, which is generally neederd in order to design s homogeoneous rib stiffness n the
fongitudinal ar X divection of the tive in cach rib found acress the entire width of the fread,
This is desirazble so that when a driving torque is applied to the tive, each rib experiences
approximately the same amount of stress in the X direction of the tive. Thig equilibration of
X siresses usuai‘!y sults in even wear apross the ribs, which enhanees the overall wear life of
the tread of the tire. Such a squate footprint is shows in Figare 1.

{60031 On the other hand, a vounder or oval foolprint sueh as shown in Figure 2, is
idenl for achisving good hydroplaning performance.  Such a shape facilitates water
evacuation around the tive footprint, similar in pringiple to the separation of water by the bow
of a ship. This, in tuen, results in a highey speed at which hydroplaning begins. However,
this is usually deleterfous to the wear performance because the center ribs in the contact palch
are much longer than the shoulder ribs. This means that the X or longitudinal stiffness is
higher in the center tibs than in the shoulder ribs. Hence, fr a given torgue applied to &

wheel, the center rib will develop more siress in the X direction. As & conssquencs, the

o1
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center rib will wear faster than the shoulder 1l So, uneven wear rewulis swith the center ribs
wearing out before the shoulder. Thia phenomenon leads to a sharter wear life for the tread
of'a tire,

{0004] Currently, theve are various ways to improve the hydroplaning parformance
ar wear performance of the tive that are in contradiction o each other. Modifving the
footprint as described above s one solution that usually lmproves ove performance while
adversely affecting the other porformance. Similarly, a tive designer can add more void to the
{read by adding more lopgitudinal grooves or inereasing the void of such grooves to imprave
the hydroplaning performance of the tive, but this will vesult in less contact swnface avea fn the

ntact patch, which leads to greater X stresses and quicier wear of the tread. Likewise, 3
tive designer can fmprove the wear performance of g tread by modifying the propertiss of the
read compound. For example, a higher modulus compound may be more resistant to wear
yet lead to poover performance indry braking,

[8005]  Accordingly, it is desirable to find a construction for the tread of a tive that
is able to maintain an equivalent wear vate across the entive tread band, while gt the same time
maintaining the hydryrlaning performance of the tire, I addition, it would be advantageous

if the solution maintained the dry traction perforfnance as well,

SUMMARY OF THE INVENTION

{0006] In one embodiment, the present invention includes an apparatus that

conmprises a read for use with a tive defining lateral and longitadinal divections. The tread
has central and shoulder regions and tread elements that are located in its central and shoulder
regions. The distance from one sipe to an adjacent sipe in a tread clement found b the center
region is in the range of § -~ & mm and the distance from one sipe to an adjscent sipe ina
iread element found in a shoulder reglon is in the range of 15~ 35 mm. At the same time, the
inflated profile droop isin the range of § — 9 nun as measiyed from the cender of the fread 1o
an edge of the rolling tread width,

00077 In some embodbments, @ tire using this vagiable sipe density and nflated
profile droop further comprises a profiled undertread having at least 1 mum thickoess
reduction from the sbouldey region of the anderiread to the center vegion of the undertread
and a modulus increase of at least three times that of the tread rubber and in some cases the
thickness reduction iz actually 2 mut and the modalus increase v at teast four times that of

the tread robber. When a profiled wndertread ts used, the tive may further comprise first,

e
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second and third breaking belts wherein the angle of the cords of the thivd belt are posed at an
angle of at least 60 degrees with respect to the longitudinal divection of the tive. The third
belt may aiso have a modudus In compression of at least 30,000 MPa and 2 vwidth that ranges

from being ay wide as the second belt to being 45 pun less in width as the second belt and
may actually be 30 mm less than the widdh of the second belt. This third belt may be laid
racially outward of the second belt. In certain cases, the angle of the cords vange from 65 to
90 degrees. In some embodiments, the cords are made from & composite reinfiwcement of
glass and resin,

[008]  In svme tive applivations, the sizg of the tive using this variable sipe depsity
and inflated profile dvoop is a 205/55R16 sized tire or a 245/48R 17 sized tive. To some cascs
when the tive 15 & 205/55R16 sized tire, the crown radius of the tread is 650 vun when
inflated. Th other cases when the tire is a 245/45R17 sized tive, the crown radius of the teead
is 450 mm when inflated.

{3088 In certain embodiments whew g variable sipe density is used, the distasce
from one sipe to an adjscent sipe found in the center region of the tread is ¢ mm and the
distance from one sipe to an adjacent sipe i a tread clement found in the shoulder region of
the tread s 20 mm. The tread elements may be tread blocks or ribs,

{0018]  The foregoing and other objects, fentures and advaniages of the invention
will be apparent from the following more detatled deseriptions of particular embodiments of
the invention, as illustrated in the accompanying drawing wherein ke reforsnce numbers

represent like parts of the fnvention

DETAILED DESCRIPTION OF TH ‘3 DRAWINGS

{0011]  FIG. 1 is an example of a square foolprint of a tire that is veually considerad
best for wear performance of the tirve;

[G032]  FIG. 2 is an example of a rounded or oval footprint of a tire that is usually
constdered best for hydroplaning performance of the tive;

[0013] FIG. 3 is a scctional view of half of a tirg that has a standard construction
with an undertread that is not profiled;

"

,.
o)
o
o

g4} FIG, 4 iz a sectional view of Twaif of a tire that has an improved constru

I
oy
]
foot
=

according to an aspect of the present invention with an undertread that is profiled;
{6018]  FIG, S depicts the relative contributions to the shear stitfhess of the swmmit

of a tive of the tread and undertread;
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{0816} FHG 6 is a graph showing the nonlinear relationship between the B/ ratio
of the tread elements of the tire to a softening coefficient ¥ s calenlated by Eq. 4;

[0817)  FIG. 7 is partial top view of a tread that exhibits varlable sipe density
agcording to an aspect of the present invention;

{0018]  FIG. B is a graph showing the norclinerr relationship between inter-sipe
distanos and suow traction;

[6G15]  FIG. 945 & footpeint of the tread that has variable sipe density that is shown
inFIG. 7,

{00201 PIG. 10 is a graph showing the X forees experienced by gach of the ribs of
the tread of FIG. 7;

{8021 FIG. 11 i a footpeint of a tive that does not have # profiled undertread that
and that has a rounded shape that is well suited for good hydroplaning pecformance of a tirg

[6822] FIG 12 is g footprint of & tive that does have a profiled undertread that and
that bas a rounded shapethat is-well suited for good hydroplaning performance of a tire;

[3023]  FIG. 13 is a graph showing the relative X stiffhess of the ibs of the tires
Hlustrated 4n FIGS, 18 and 1Y

[0624] FIG. 14 is a sectional view of g half 3 tire that has a thivd breaking belt
according to apother aspect of the present invention located outwardly in the Z divection from
first and second breaking belis;

(00257 FIG. 18 is a sectional view of & half s tire that has a relaforcing ply located
adjacent the carcass below first and second breaking belts;

(30261 FIG 16 is a drawing produced wsing FEA sinudation that shows the
increased stiffhess of the tread that is supplied by using a suitably configured third breaking
belt;

f3827]  FIG. 17 is FEA results that show the compression experienced by the third
breaiing belt when the tzuaa.d sncounters water; and

[0628]  FIG. 18 is & graph produced by FEA that shows a predicted mprovement in
hydroplaning perforinance betwesn o tive that hes and does not have a third breaking belt that

ix suitably configwredd.
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{06297 By tread cloment, it is mcant any type or shape of a structural feature found
in the tread that contacts the ground, Examples of tread elements include tread blocks and
ribs.

{1030} By rib, it is meant a tread element that runs substantially in the longitudingl
direction X of the tire and that is not interrupted by any grooves that ren ia 4 substantially
fateral divection Y or any other grooves obligue thereto,

[0031] By tread block, it is meant a tread clement that has a perimeter that is
defined by one ot mare grooves, creating an jsolated struchure in the tread,

[0032]  The longitwling or circumiferential direction, X, is the direction of the tire
along which it rolls or rotates and that is peg‘pcnﬁiou arto the axis of rotation of the tive,

[30633]  The lateral direction, ¥, is the divection of the tire along the width of iis
tread that is substantially pavallel to the sxis of rotation of the tre. However, by lateral
groove, it is meantany gronve whose general dirsction or sweep axis forms an angle with the
purely lateral divection that is less 435 degrees,

10034]  The radial direction, 7, is the direction of a tire ag viewed from its side tha
is parallel to the radial divection of the generally annular shape of the tireand is perpendicular
to the lateral divection theveofl

{0035] By central tread element, it is meant any tread element located within the
central 60% of the width of the tread that contacts the road diring the novmal use of the tire
By shoulder tread element, it is meant any tread element located within the outer 40% of the
width of the tread that contacts the road during normal use of the tire. For g symmetrical
tread, the shoulder regions constitute the outer 20% of the width of the tread on either side of

brond
fd

the midplane of the tire. For atread having five ribs of substantially equal width in the lateral
Y divectinn of the thre, the middle three 1is ave the central xibs and the outer two 1ibs ave the
shoulder ribs. Tt §s contemplated that these regions can be adjusted depending on other
factors, such as where driving or pesitive forces and braking or negative forces ate typically

experienced on a tive during nonmal use.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

{30367  Embodiments of the present vention inchude constructions that modify the
stiffnesy of the tvead slements found on the tread of 8 tire in order o break the compromise

found betwesn wear and hvdroplaning performances. In cettain instances, dry traction is also
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maintained. Tt should be noted that ong, all or any combination of the embodiments
discussed below may be satisfactory to achieve these desired perfonmances depending on the
applicationn.  Also, these techniques can be used on 3 host of tread elements including tread
blocks and xibs,

{0377 Looking at Figwres 3 and 4, half of a standard tread construetion for a
2058/55R 16 sized tive that does not have a profiled undertread 1680 and half of one that dogs
have a profiled undertrend 2080 for a 205/55R16 sized tive accovding to an aspect of the
present invention are shown respectively, The tires discussed herein and that are depicted in
Figures 3 and 4, defing longitudinal X, fateral ¥, and radigd 2 directions.  As will be
explained later, the shape and propeties of this improved undertread 208 belp to equilibrate
the tread element stiffnesses in the longitudinal or X direction across the width of the tread.
This allows the creation of a rounder foolprint for improved hydroplaning performance
withowt increasing X forces/stresses in the central tread elements that lead fo a shortenad
wear Jife of the tread of the tire. Focusing on Figure 3, an undertread 180 that has s relatively
gonstant thickness of 2.2 mm and a modulus of extension that is relatively close to that of the
tresdd is shown, To the contrary, the undertread 200 of Figure 4 has thickness of 2.2 mm in
the shoulder regions, which tapers 1o zero as it approaches the centerline €y, of the tive. The
moilalus of this undertread is at least three times, and preferably four times that of the tread
rubber. The advantage of this constraction is as fallows,

[038] The goal of the inventor in using this construction is to enable the creation
of & foolprint optimized for hydroplaning, as shown in Flguwe 2, all the while maintaining
equivalent vib stiffnesses. The variable {hickness, bigh modulus undertread is an enabling
design element. Such an undertread increases the shear stiffness in the Xo& plane in the
shiowdder region, which has an effect on the X forces/stresses superienced by the associated
tread elements as will be described later. With reference to Fignre §, the X-Z shear stiffvess

of the tread and undertread composite, Gu, c8n be approximated by Eq. I



WO 2013/015799 PCT/US2011/045484

swhers Ty is the thickness of the tread in the 7 divection, Gy is the shear stiffness or modulus
of the tread, Ty is the thickness of the underiread In the # divection, and G; is the shear
stiffness or modidus of the wndertread,

[8639]  In like fashion, the rib stiffhess in the X divection, K, can then be equated

for each fread slempnt, using BEq. 2:

LAW >R .
Ky =G, = Eg2 -
RN

whare L is the length of the tread element in the X direction, W is the width of the tread
element in the ¥ direction, Ty 15 the thickness of the tread in the Z divection, Ty {s the
thickness of the wndertread in the & divection and QSR is the contact surface ratio of yrubber
of the tread clement {6 the apparent area fn the contact patch of the tread.

[f1040]  In addition, the inventor used another techuigue for modifying the tread
element stiffness in the X direction. This involves the use of siping in the tread clement to
change the shear stiffhess, Gy, of the tread clement in the following manner. This shear

stiffhess o modulus gan be caloulated by Bq. 3

(CT. .
= viebber E’qa ,
K &}

where e 16 the shear modulus of the isotropic rubber wsed in the fread element and Kis &
softening factor that accounts for additional bending compliance, This can be computed

using Bq. 4

where B is the hase dimension of the tread element in the X divection and H is the height
dimension of the tread element in the Z divection.

{08411 Figure 6 shows g graph that depicts the relationship of K versus B/H as
calenlated using ¥g. 4. For rafios of B/H that are greater than 2 (for example, a fread block
that has & base dimension of 16 mm and a height dimension of § pun), there s almost no
softening of the tread due to bending, However, for & radle of B/H of & K is about 1.9
meaming that the equivalent shear stiffness Gy will be reduced almost by a factor of 2
compared o what it would have been if the tread elernent were « solid vib,

(0421 This technique cun be applied to vibg amd tread blocks alike. When applied
fo a tib, the hase dimension is the distance from one sipe 1o an adjacent sipe found within the

il When applisd to a tread block, the base dimension s the distance from one sipe to an

N
e
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adjacent sipe found within the tread block or to a groove that defines the edge of a tread
block.

[0043] This techoigue can be used to muke ench tread element have equivalent
shear stiffess for even wear, I the B/H relationship is the same for each tread element
across the width of the tread in the Y divection, then the length of each of these tread

slements in the contact patch must be the same and 4 square shaped contact pateh is fmposed.
This is leads to a poor resistance to hydroplaning for the tive, When the B/H vatin is greater
i the shoulder tread element as compared to the contral tread clement, then the length of the

shouider tread element in the contact pateh can be reduced as cumpa‘red to the length of the
gertiral fread element, while still matidaining an equivalent shear stiffness between these tread
elements, Thus, a rounder footprint can be used that is gﬁod for hydroplaning performance
without degrading wear performance,

[804d]  For example, a central tread element in the form of a rib can bave the
following dimensions: H="T; = 8 mim and B/H = 6. Then, as indlcated by Figure 4, K = 1.6
given that Ty = 2 mm and G = 1 MPa and W = 20 mm while CSK = .8, Then using Fgs, {
thin 3, the center 1ib stifthess K o= 108 Lo, Using the same CSR and width for a shoulder
tread element that also takes the form of & 1ib, but using & B/AH ratio that eguals 2, K become
105 from Figure 4, Again, using Bgs. 1 thiu 3, K, =133 Ly Since it is desivable that ¥,
s should equal K o, we can computz that Ege = .71 Lay. So for tis example, the shoulder
tib can he 29% shorter in the contact pateh than the center rib, giving a roumder footprint
which in betler for hydroplaning performance while even tread wear performance is
natntained,

Embodiment § - Variable Sipe Density

{00458]  As just discussed, by decreasing the sipe demsity in the shoulder tread
element, compared to the central trend element, one can preferentially stiffen the shoulder
tread element and sofien the central tread elements. Figure 7 shows an exanple of tds
applied 1o a tive having five ribs. The distance, Do, from sipe to wn adjacent sipe for the
cenlral vibg 202 was about 5.5 min while the distange, By, Trom sipe to an adjacent sipe for
the shoulder ribs 204 was about 25 ran. This shape is relatively square, but can be made
mors rounded by adding & soitable mflated droop, Dy, of approximately 5 — 9 mm {see
Figure 4 to see how this is measured). Usually, the droop can be adjusted in order to make the
tength of the shoulder tread cloment 70 — 80% of the length of the central tread element so

that fmproved hydroplaning performance can be maintained. Therefore, this embodiment

v 8-
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primarily shows the ability of a variable sipe demsily to improve wear characieristios
Additional embodiments will show how this can be combined with other design elements,
such a5 a rounder crown, to sinwltanecusly improve hydroplaning performance.

[0846] In addition to helping bresk the compromise between wem and
hydroplaning performances, a vadable sipe density s slso usefid for bresking the
compromise between snow and dry traction, Figiwe 8 depicts the relationship between inter-
sipe distance or BIL {x axis) and snow traction performance or GM spin (y axis). This
relationship s not linear, which means that having central ribs with # small distance between
sipes helps o gain sow traction while having a large distance between sipes on the shoulder
vibs, which usually camries more load in dry braking, helps hprove dey traction.
Consgquently, there is a befler compromise between snow and dry traction by uwsing a
variable sipe density between the shoulder and central portions of the tive.

[0647] Tires using the tread pattord shown in Figure 7 were made and tested to find
the forces in the coutact patch and they were also tested in wear porformance against g
witness tre, Figure 9 shows the actual tive footprint of the tread having a variable sipe
density for a vertical Z load of 420 DaM and an inflation presswe of 3.2 bars. The conter
sipes ave not scen in the ink print because they are closed when they wers In the comlact
patch. The measwed X forees in the contact area ate shown in Figure 164 for the case where
the total X force applied to the tive was 100 DaN. Note that the shoulder ribs developed
stronger «deiving forees than the center ribs, indicating that an improvemient iy teead wear
should be aclievable.

[0848]  These tives were tested in wear agatnat a corrent production tire that fs slso a
205/55R16 sized tive. Fven though the curent production tire had a tread depth of 9 oun
versus an § mm tread depth for the tives having a variable sipe density, the tives having
variable sipe density exhibited a 8% improvement in the development of medivm severity
wear as compared to the curent production tire. Funthermors, thete was a 17% soprovement
iy the development of high severity wear as well, The wown radius of this sized tire was 430
DAL

f3048]  Similar results were obtained for a 24545017 Ure wsing FEA shnulations
that had similar varlations i sipe density., For this scenavio, there is 3 20% increase in rolling
tread widih and Hitle change in section height, but the variation in sipe density as well as an
inflated droop profile, as discussed above were about the same. The crown vadius of ¢

sized tive was 650 mun. This shows the versatility of the present invention.
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Embediment 11 - Profiled Undertreasd with a Variable Sipe Density and a Round Crown

{08381 Tires that have the architsctures shown in the cross-sectiomal views of
Figures 3 and 4 were manufactured and tested, The tread design of these tires also included &
variable sipe density where Dy was 24 mm and Dy was S mun {see Figure 7 1o see how these
dimensions are measwred). The resulting footprint of the standard design of Figure 3 is

shown in Figure 11, This shape is falely round for providing good hydroplaning
performance, as the central rib is significantly longer than the shoulder rib, In like Tashion,
the resulting footprint of the design having & profiled undertvend of Figure 4 is shown in
Figure 12, This footprint iz slso fairly round with the central vib showing an increased length
as compared to the shoulder rib. Thiz indicates that hydroplaning performance for the two
tires is subatantially similar. For the modified design, the vndertread nodulus was about 12
MPa whereas the fread modulus was arcund 3 MPa. Henee, the undertread modulus was
about four times as much as the tread meodulus.

[0031]  Tuming now to Figure 13, the rib stiffness of the standard architechure with
variable sipe density and the modified architecture with variable sipe density i shown geross
the width of the tive troat. The graph gives the X foree per vib carried for the case of a total
X force of 100 DaN, As can be seen, the standard svchitectare has higher X force in the
ceniral vib as compared o the modified architecture. The center rib X fuvce i3 sboyt 21%
higher than the shoulder vib X fores, vet the center rib length is 31% longer thaw the shoulder
vib length, Bven with this standard srghitecture, the variable sipe density tread design gives &
maderate improvement in the b stiffness homogenesity. Nevertheless, those skitied in the art

will recognize that the higher X ¢enter force telicates probable ceuter wear on the drive axle
of 3 front wheel or rear whee! drive of a vehicle. On the other hand, when the modified
architecture {8 superimposed with the variable sipe density, the more bomogenous furee
distribution of Figure 13 results. In fact, the shoulder ribs are canrying slightly more force
than the conter three riba, Agais, those skilled in the art will recognize that this is preferential
for reducing an irregular form of wear, called “heelftoe” wear. To have a stiffer shoulder vib,
i the context of & vound footywint, Is & unigue and advantageous benefit of the invention ag
deseribed herein.

Embodiment 11 — Addition of a Third Breaker Bell

[0852]  In some tive applications, it is boneficial to use a goft iread rubber as tds
helps tive performances such as traction. However, this can bave a negative impact on

hydroplaning performance sz this makes the fread more pliable. Accordingly, the foventor

10 -
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tested tires that had a third breaking belt 206, lovated outward radially in the Z direction from
the fivst and second belis 208, 210 {sec Figure 14) to see if this could offsel the loss of
hydroplaning perfonmance associated with a softer tread rubber while allowing the gain in
traction to still be realized,

{18531  As shown by table 1, Hve scenarios wweve tested. The first scenario was 3
reference tive with a tread rubber of averags modulus. The second scenatia was a tive with a
tread rubber that was sofler or that had a lower moduluy than the reference tive. The third
seentario used a tive that was essentially the same as that used in the secondd scenario exeept

-

that a third breaking belt was added. The construction of this tire is shown in Figure 14 and
nses cords that are posed at 65 degrees from the X divection of the tive. The fourth seenario
uses a tive that is constructed similarly to the reference tive except that the third belt was
added like that of the third scenario, The fifth scenatio, as shown by Figare 15, used a bire
having a soft tread rubber such as that used in the second scenatlo except that a relaforcing
ply 212 with cords posed at 99 degrees from the X direction or parallel to the Y dirgction of

the tire was added below the first and second bmakitxg belts 208, 210 near the carcass

TABLE
Scenarin First Second Tﬁird Fourth Fifts
Congtruction Reference | Soft Tread | Second First Second
Rubber scenatio scenario plus | scenario plus

plus third | thivd reinforeing
breaking | breaking belt {ply  found |
bels below  first |

and  sccond

belts
Hydroplaning | 100% 4% 959% 103% 94%
Perforinance

{80841  As expected, testing of the second scenario showed a decrease in the
wydroplaning performance of 6%,  However, the addition of a third hreaking belt
wnexpectedly increased the hydroplaning performance by 3 to 5% as evidenced by the test
resuits of scenarios 3 and 4. This gives the tive designer the option of improving traction anld

compensating for the loss in hydroplaning performancs by adding the thied breaking belt or'to
2 & yaro; gp g
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improve hydroplaning performance slone when using a tread robber of average modulus,
The last scenario shows that the Jocation of the refuforcing ply belps to provide these ovitival
results as no improvenment was shown by adding a relnforcing ply near the carcass.

[B055] The iwventor proceeded o investipate these surprising resuits using FEA
modeting. Figures 16 and 17 show that the third belt creates s structural reinforcement in the
Y-Z plane that helps the tread to defor less when it encounters waler {improved trgad is
shown by dashed lines 214 in Figure 18 while the standard tread iz shown in solid lines 216)
as compared to the standard tread lacking the third belt, helping the tive to stay in contact with

the ground and resist hydroplaning. B should be noted from Figure 17 that the thivd breaking
belt is nndergoing compregsive stoain while resisting hydroplaning so a suitable comprassive
modubus should be present in the third balt in order to gain this beneflt, Testing has revealed
that a4 compressive modulus of at least 30,000 MPa should be used to get this benefit. A
monotithic cross-section of g camposite reinforcement, such as glass and resin, may used in
the cords of the third belt to achieve the demrable comprassive modutus,

[1086] Likewise, modeling has showa that the width of the third belt does not have
to be the same as the second belt and may be wp to 45 muw less inwidth, Forthis particular
embadiment, the width of the belt was 30 mm less than the width of the second belt. Also,
nylon reinforcement that is used to help prevent belt sepsration and that is wound in the X
direction of the tire neceds only to be located in the shoulder regions of the tread.  Also, the
angles al which the cords of the thied ply may be orlented with respect to the X dircction can
rgnge froim 60 to 20 degrees.

{80877 Finally, Figure 18 shows that the improvement in hydroplaning performance
using a thizd belt predicied by the simulation is g few percent, This validates the accuracy
and reliability of the model to design for real world tive applications since the modeling
results mateh real world tire testing data,

{GD881  Ag can be seon, certain embodiments of the present invention help 1o bresk
the conypronise between hydroplaning and wear performances andior snow and dry traction
performances either in combination or hy themselves, Accordingly, different combinations
of embodiments discussed bereln are envisaged by the inventor and are considered pait of
this disclosuare and may beauseful for different tive applications.

{80891  While tlds invention has been described with reference to particular
emnbodinents thereot, it shall be vuderstond that such description is by way of illustration and

not by way of limitation, For example, the present invention could be combined with

S12-
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material properties of the {read rubber to yield further improversents,  Similarly, this
tuvention can be applied to tires having sl sorts of tread elements including vibs and tread
blovks, Furthermore, particular dimensions bave been given but it is well within the purview
of pne skilled in the arf to make adiustments to these dimensions and still practive the spivit of
the present inverttion.  Accordingly, the scope and content of the mvention are to be dafined

only by the terms of the appersded claims.

213
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CLAIMS
What {5 claimed is:
An apparatus that comprises a tread for use with a tive defining lateral and longitudinal

directinns, sald tread having central and shoulder portions and tread elements with sipes
that are located in s central and shoulder regions, wherein:

the distance from oue sipe to an adjscent sipe in a tread clenent found in the center

region is in the range of 5 — 8 mmy;

the distange from one sipe (o an adjacent sipe in a tread element found in a shoulder

region isin the range of 15~ 35 mm; and

the inflated profile deoop s in the range of 5 - 9 mun as measwred from the center of

the tread to an odge of the rolling tread width.

2

AN L

w3

if.

The apparatus of claim 1 which fwrther compuises a profiled undertread having at teast |
mnt thickuess reduction from the shoudder vegion of the undertread (o the cenler region of
the undertread and 3 modudus increase of at least three times that of the tread rubber,

The appaeatus of clatm 2 which Buther comprises a first, second and thivd bresking belts
wherein the angle of the cords of the third belt are posed af s angle of at least 60 degrees
with respect o the longttudinal direction of the tire, said thivd belt having o modulus in
conipression of at least 30,000 MPa and having a width that ranges from being as wide as
the second belt to being 45 mm less in width as the second belt, said third ply also being
laid radially outward of the second belt,

The apparatus of claim 1 wherein said troad is used with a 205/35R 16 sized tive,

The apparatus of claing T whereln sald tread Is used with g 243/45R 17 gized tire.

The apparatus of claim 4 whereln the crown radiys of said tread is 650 mm when fnflated.
The apparatus of claim 5 wherein the crown rading offsaid fread is 450 mm when inflated.
The apparatus of claiin 2 wherein the thickness reduction from the shoulder region of the
underivend to the shoulderis at feast 2 mm and the modulus Increase is at least four times
that of the tread rubber,

The apparatus of claim 3 wherein the angle at which the cords are posed from the
longitadinal divection of the tive ranges from 65 to 90 degrees.

The apparatus of claim 3 wherein the cords of the third belt comprise a conposite

remforcoment made from glass and vesin,

-1d .
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L1, The apparatus of claiim 3 wherein the width of the third belt {s 30 mm less than the width
of the second belt.

2. The apparatus of clabm | wherein the distases from one sipe to an adjacent sipe in a tread
clement found in the center region of the tread 18 & nun and the distance from ona sipe to
an acdjacent sipe n a tread clement found in the shoulder vegion of the tread = 20 mm.

13, The apparatus of claim 1, wherein the fread slements are blocks.
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