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(57) Abstract: A tyre for vehicle wheels comprises a tread band (2) having a tread pattern in which there are defined a central region
(5) extending circumterentially and symmetrically across an equatorial plane (X) of the tyre over a width equal to about 60% of an
effective width (L) of the tread band, and a first and a second shoulder region (6, 7) which extend at the axially opposing sides of the
central region, respectively. The tread band comprises a plurality of main grooves (10) which extend from the central region (5),
through the first or alternatively the second shoulder region (6, 7), in order to open at a lateral edge (8, 9) of the tread band, and at
least one plurality ot secondary grooves (20, 21) which extend in a substantially circumferential direction between consecutive pairs
of main grooves (10). The main grooves are arranged in such a manner that any radial plane (R, S) intersects at the central region (5)
with at least four main grooves (10).
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A tyre for vehicle wheels

The present invention relates to a tyre for vehicle wheels which is provided
with a tread pattern which is particularly configured to optimize the performances
of the tyre under different conditions of a road surface.

A btyre generally comprises 3 carcass structure which is torically formed about
an axis of rotation and which includes at least one carcass web which has end
edges which engage in annular sscuring structures, known as bead cores,
respactivaly.

In a radially external position with respect to the carcass structure, there is
provided a belt structurg comprising, in the case of car tvres, at igast two radially
superimposed strips of rubber fabric provided with reinforcement cords, usually of
metal, which are arranged parailel with each other in each strip butb crosssed with
respact to the cords of the adiacent strip, preferably symmestrically with respsct to
the eguatorial plane of the tyre.

Praferably, the bslt structure further alse comprises in a radially external
position, at ieast at the snds of the belt strips below, a third faver of textile or
matal cords which are arranged drecumferentially {(at O degress). In tyres of the
tubeless type there is further provided a radially internal laver which is referred o
as a lner and which has impermesability characteristics in order {0 ensure the air-
tightneass for the tyre itself,

In a radially axternal position with respect to the belt structure, there is
appliad a tread band which is produced from elastomer material and on which there
is defined a tread pattern which is intendad for contact with the road surface,

Tyres, in order alsg to ensure adequate grip on wet road surfaces, have a
tread band which is provided with grooves which have different shapes and
gaometries and the main function of which is to alow the discharge of the watar
present between the swface of the tyre and the road surface during mutual

contact, praventing the hydrostatic pressure resulting from the impact of the water
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against the tyre travelling forwards from being able o cause lifting, or partisl
fifting, of the tyre from the road suwface and conseguent ioss of control of the
vehicle (a phenomenon known as Taguaplaning”™}.

However, the presence of grooves in the tread band, although on the one
hand it allows the discharge of water, on the other hand necessarily reduces the
contact surface of the tyre with the road surfzce, Himited only to the blocks which
are defined by the grooves, consequently reducing the gripping capacity thereof
whien it is subyjected to braking, acceleration or when driven round bends.

The situation s further complicated when the btyre is of the winter type.
in fact, winter tyras have a fread band in the biocks of which there are formed a
plurality of sipes, also kKnown as "noiches”, which extend inside the individual
blocks in a radial reference plane,

The function of the sipes, the presence of which is one of the most evident
features which distinguish a wintar tyre from conventional summer tyrss, 8 o
provide additional gripping slements with respect o the snow-covarad ground and
to retain therein some quantity of snow, thereby improving the friciion with the
snow-covered ground.

However, the presence of tha sipes on the blocks of the fread band
consistently reduces the performances of the tyre when the road surfaoe is not
coverad with snow, being dry or wet, as a result of the greater deformability of the
blocks in the prasence of tangential forces {or "shear stress”™) which are imparted o
the tread band during acceleration, bending or braking.

A tyre which is suitable for travel under all the above-meantionsd conditions
of a road surface (dry, wet and snowy) is therefore claimead to balance the opposing
configuration requirements s0 that the provision of grooves in the tread band is
optimized in acoordance with the demanded requirements for use,

The Applicant felt the need ¢ provide a tread pattern which is capable of

providing for winter tyres excellent parformance levels both in the case of travel on
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snow-coverad surfaces and in the case of travel on dry and/or wel surfaces,
maintaining a good performances leval in terms of waar of the tread itself.

The Applicant has further felt the need to provide a byre which is provided
with a tread paittern which allows a bellter balance to be obtained betwsen the
opposing requirsments set out above, using a number, geometry and configuration
of grooves and sipes.

The Applicant has found that a tyre whose tread pattern comprises a plurality
of main grooves which are arranged so that gach radial plane intersects with at
fsast four main grooves at the central region and further comprises at least one
plurality of secondary grooves which extend in a substantially circumferential
dirgction between sucoessive pairs of main grooves and which are arranged in a
region which extends across the central region and a shoulder region of the tread
band, has both a good capacity for discharging water and a good adhesion to the
wet road surface, providing an optimum balance of the performance levels on
different types of road surface.

In particular, in a first aspect thereof, the invention relates to a tyre for
vehicle wheels comprising a tread band having a tread pattern in which there is
defined a central region of said tread band extending circumferentially and
symmetrically across an equatorial plane of said tyre over a width equal to about
60% of an effective width of said tread band.

Preferably, there are defined on the tread pattern a first and a second
shoulder region which extend at the opposing sides of said central region in an
axially external position of said tread band, respectively.

Preferably, said tread band comprises a plurality of main grooves which are
arranged in succession over the circumferential extension of said tread band.

Preferably, each of said main grooves extends from said central region,
through said first or alternatively said second shoulder region, in order to open at a

lateral edge of said tread band.
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Preferably, said tread band comprises at least one plurality of secondary
grooves which are arranged in succession over the circumferential extension of said
tread band.

Preferably, said secondary grooves extend in a substantially circumferential
direction between consecutive pairs of said main grooves.

Preferably, any radial plane comprising the axis of said tyre intersects at said
central region with at least four of said main grooves.

The Applicant has established that, with this configuration of main and
secondary grooves, the tread band has optimum performance levels both in terms
of discharge of the water and in terms of the grip, both on a wet surface and on a
dry surface.

The term “effective width” with reference to the tread band is intended to be
understood to be the width of the radially outermost portion of the tread band,
from side to side, which is intended for contact with the ground.

The term “groove” is intended to be understood to refer to a recess which is
formed in a portion of the tread band and which has a width which is greater than
or equal to 1 millimetre and preferably a depth greater than 3 millimetres.

The term “sipe” is intended to be understood to be a recess which is formed
in a tread band portion and which has a width less than 1 millimetre.

The term “equatorial plane” of the tyre is intended to be understood to be a
plane which is perpendicular to the rotation axis of the tyre and which subdivides
the tyre into two symmetrically equal portions.

The term “inclination” of a tread element is intended to refer to the modulus
of the acute angle (between 0° and 90°) formed by the element with respect to a
direction parallel with the equatorial plane of the tyre.

The term “circumferential” direction is intended to refer to a direction which
is generally directed in accordance with the rotation direction of the tyre, or at any

rate slightly inclined with respect to the rotation direction of the tyre.
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Another parameter which is used in the technical field being referred to for a
quantitative evaluation of the presence of grooves in the tread pattern is the “void-
to-rubber ratio”, a dimensionless number which is defined as being the ratio
between the total surface-area of the grooves contained in a specific portion of the
tread pattern (where applicable, the whole of the tread) and the total surface-area
of the specific portion of the tread pattern (where applicable, the whole of the tread
pattern).

In a preferred embodiment, with reference to the entire circumferential
extension of said tread band, the surface-area of the central region in which said
number of main grooves which are intersected by said radial plane is greater than
five is a portion less than 15% of the total surface-area of said central region.

Preferably, said number of main grooves which are intersected by said any
radial plane is between four and six.

The Applicant has established that for the tyres having normal dimensions a
suitable balance between the requirements involving draining water, grip on the
road surface and wear is obtained by making provision, for each contact face
between the tread band and the road surface, for there to be from four to six main
grooves ready to direct the water present in the central region of the tread band. In
fact, a number less than four would reduce the drainage capacity of the water with
a potential risk of aquaplaning, while a number greater than six could bring about
an excessive reduction of the dimensions of the blocks which are defined on the
tread band.

The Applicant has noted that bocks having a greatly reduced dimension may
be deformable, which may bring about a substantial reduction of the performance
levels on the road, particularly in terms of grip and wear and actually a partial
occlusion of the adjacent grooves towards which they could be bent.

According to a preferred feature, said number of main grooves which are

intersected by said any radial plane is equal to four or five.
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Preferably, an initial end of each of said main grooves, which end is identified
in said central region, is in substantial axial alignment with the transition of another
main groove from said central region towards said first or second shoulder region.

As a result of this feature, the capacity for discharge of water remains
substantially homogeneous over the entire circumferential extension of the tread
band, improving the homogeneity of the behaviour of the tyre on the road.

Preferably, said main grooves do not intersect with each other.

In an embodiment of the invention, each main groove comprises a first
length which extends substantially from said equatorial plane through said central
region and a second length which is connected to said first length and which
extends through said first shoulder region or said second shoulder region towards
said lateral edge of the tread band.

Preferably, said first length has a first inclination with respect to the
equatorial plane of the tyre and said second length has a second inclination with
respect to said equatorial plane, greater than said first inclination.

According to a preferred feature, said first inclination is between 10° and 40°.

In this manner, the speed of discharge of the water in the central region is
particularly promoted.

According to another feature, said second inclination is between 65° and 85°.

Preferably, the width of said main grooves increases from an initial end,
which is identified in said central region, towards said lateral edge of the tread band.

In a further preferred manner, the ratio between the width of said main
grooves at said lateral edge of the tread band and said initial end is between 3 and
4.5,

As a result of this feature, the quantity of water collected inside the main
groove and caused to flow down towards the lateral edge of the tread band may
suitably increase along the extension of the groove, preventing the water already

present in the groove from constituting a substantial impediment to the access of
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new water.

Preferably, said tread band comprises a first plurality of secondary grooves
which extend in a region defined across said central region and said first shoulder
region at a distance from said equatorial plane between about 25% and about 35%
of said effective width of the tread band.

Preferably, said tread band comprises a second plurality of secondary
grooves which extend in a region which is defined across said central region and
said second shoulder region at a distance from said equatorial plane between about
25% and about 35% of said effective width of the tread band.

In a greatly preferred manner, said first plurality of secondary grooves or
said second plurality of secondary grooves extend at a distance from said equatorial
plane equal to about 30% of said effective width of the tread band.

Preferably, said first plurality of secondary grooves and said second plurality
of secondary grooves are substantially symmetrical with respect to said equatorial
plane.

According to a preferred feature, each of said secondary grooves has an
inclination with respect to a direction parallel with the equatorial plane between 0°
and 10°.

As a result of this feature, the secondary grooves maintain a high capacity of
drainage of the water, thereby providing additional edges for improving the grip of
the tyre in the event of axial stress.

According to another preferred feature, each secondary groove has both
ends at least partially facing, in a circumferential direction, an end of another
secondary groove.

In this manner, there is maintained between the secondary grooves a
continuous passage in the circumferential direction which promotes a more rapid
discharge of water.

According to a preferred feature, at said central region, a connection groove
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extends between pairs of main grooves.

In a greatly preferred manner, each connection groove has an inclination
with respect to the equatorial plane of the tyre between 10° and 30°.

Preferably, said secondary grooves have a width between 2 mm and 5 mm.

According to a preferred feature, said connection grooves have a width
between 1 mm and 3 mm.

Preferably, said tread band, inside the effective width thereof, has a void-to-
rubber ratio between 0.30 and 0.36.

Preferably, the void-to-rubber ratio of the central region is between 0.28 and
0.36.

Preferably, the void-to-rubber ratio of the shoulder region is between 0.31
and 0.38.

In a preferred version, said main grooves and said secondary grooves define
at said tread band a plurality of blocks, on each of which there are formed a
plurality of sipes which are capable of promoting the grip of said tyre on a snow-
covered surface.

The features and advantages of the invention will be better appreciated from
the detailed description of a preferred embodiment thereof, which is illustrated by
way of non-limiting example with reference to the appended drawings, in which:

- Figure 1 is a perspective view of a tyre for vehicle wheels which is produced
according to the present invention;

- Figure 2 is a schematic view of the development in a plane of a significant region
of the tread band of the tyre of Figure 1.

With reference to the appended Figures, there is generally designated 1 a
tyre for vehicle wheels which is produced according to the present invention.

The tyre 1 has a conventional form which is generally toric and which is
developed about a rotation axis which defines an axial direction Y of the tyre, and

through which an equatorial plane X, which is perpendicular to the axis, extends.
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The tyre 1 is a tyre which is provided for winter use and comprises a tyre
structure which is conventional per se and which is not illustrated in the appended
Figures, as well as a tread band 2 which is arranged in a radially external position
with respect to the tyre 1 and which is intended for contact with a road surface 3,
which is schematically illustrated in Figure 1.

The tyre 1 preferably has a nominal section width between about 155 mm
and about 235 mm. Preferably, said nominal section width is less than or equal to
about 215 mm. The tyre 1 preferably has a rim diameter between 14 and 17
inches.

There is defined on the tread band 2 an effective width L which is defined as
being the maximum width of the tread band which is intended for contact with the
ground under standard conditions of use.

There remain defined on the tread band 2 a central region 5 which extends
circumferentially and symmetrically about the equatorial plane X over a total width
which is equal to about 60% of the effective width L, as well as a first shoulder
region 6 and a second shoulder region 7, which extend at the axially opposing sides
of the central region 5, respectively, in an axially external position with respect to
the tread band 2.

The first and the second shoulder regions 6 and 7 extend symmetrically over
a distance equal to about 20% of the effective width L and are delimited at the side
opposite the equatorial plane X by respective lateral edges of the tread band 2
which are designated 8 and 9, respectively.

With reference to Figure 2, it may be noted that, by referring that pattern to
a development in a plane of a generally curved surface, the lateral edges 8 and 9 of
the tread band 2 are more internal with respect to the side edges as illustrated in
the drawing, which in the real configuration of the tread band, are curved towards

the sidewall of the tyre.
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In Figure 2, the three above-defined regions are delimited by broken lines.

There are formed on the tread band 2 a plurality of grooves which, together
with the blocks delimited thereby, generally form the tread pattern of the tyre 1.

The particular configuration of the tread pattern of the tyre 1, according to
the present invention, makes it of the directional type, in the sense that the
assembly of the tyre has to ensure, during normal travel of the vehicle, the rotation
thereof in a predetermined direction, designated F in Figure 1.

The tread band 2 comprises a plurality of main grooves 10 which are
arranged in succession over the circumferential extension of the tread band.

Preferably, each main groove extends substantially continuously from the
central region 5, through a shoulder region 6 or 7 in order to open at a respective
lateral edge 8 or 9 of the tread band 2.

The main grooves 10 which extend through the first shoulder region 6 and
the main grooves 10 which extend through the second shoulder region 7 are
arranged in alternating succession with respect to the equatorial plane of the tyre,
over the circumferential extension of the tread band 2.

Each main groove 10 comprises a first length 11 which extends from an
initial end 12 through the central region 5 and a second length 13 which is
connected to the first length 11 and which extends through the first or second
shoulder region 6 or 7 towards the respective lateral edge 8 or 9 of the tread band
2, in which an open terminal end 14 is defined.

Preferably, the first length 11 has a first inclination A with respect to the
equatorial plane X greater than or equal to 10°.

Preferably, said first inclination A with respect to the equatorial plane X is
less than or equal to 40°.

Preferably, said first inclination A of said first length 11 is about 30°.

Preferably, the second length 13 has a second inclination B with respect to

the equatorial plane X greater than said first inclination A.
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Preferably, said second inclination B is greater than or equal to 65°.

Preferably, said second inclination B of said second length 13 is less than or
equal to 85°.

Preferably, said second inclination B is about 75°.

The initial end 12 of each main groove 10 is positioned substantially at the
equatorial plane X and extends towards the adjacent main groove. In the region of
the initial end 12, therefore, the main groove may have a ramp-like profile which
brings the bottom of the groove nearly to the level of the tread band so that, in
fact, the main groove is separated from the groove adjacent thereto and the
passage of fluid therebetween is substantially prevented.

The main grooves 10 can therefore be separated from each other and
independent, not being provided with any intersection with respect to each other.

The configuration and the arrangement of the main grooves 10 is such that
any radial plane comprising the axis Y of the tyre intersects at the central region 5
with at least four main grooves 10.

Preferably, said number of main grooves which are intersected by said any
radial plane is between 4 and 6.

In particular, the initial end 12 of each main groove is placed in substantial
axial alignment with the transition of another main groove 10 from the central
region 5 towards the first or second shoulder region 6 or 7 so that the number of
main grooves 10 which are intersected by a general radial plane remains
substantially constant over a large portion of the circumferential extension of the
tread band 2.

In the preferred embodiment described and illustrated here, the number of
main grooves 10 which are intersected by a general radial plane is equal to four or
five.

Figure 2 illustrates, merely by way of example, two different radial planes R

and S which intersect with the main grooves 10 inside the central region 5 at R1,
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R2, R3, R4, R5 and at S1, S2, S3 and S4, respectively. In particular, the radial
plane S intersects with the tread band 2 at the transition of a main groove 10
between the central region 5 and the shoulder region 7 and at an initial end 12 of
another main groove 10, in order to identify the axial alignment thereof.

Preferably, the width of each main groove 10 progressively increases from
the initial end 12 as far as the opposite terminal end 14 which is located in the
region of the lateral edge 8 or 9 of the tread band 2.

Preferably, the width of the main groove 10 at the initial end 12 is greater
than or equal to 2 mm.

Preferably, the width of the main groove 10 at the initial end 12 is less than
or equal to 3.5 mm.

Preferably, at the end of the first length 11 said width of the main groove 10
is greater than or equal to 5 mm. Preferably, at the end of the first length 11 said
width of the main groove 10 is less than or equal to 8 mm.

Preferably, the width of the main groove 10, at the terminal end 14, is
greater than or equal to 7 mm. Preferably, the width of the main groove 10, at the
terminal end 14, is less than or equal to 11 mm.

The widths of the single main grooves 10 may vary with respect to each
other in accordance with the specific pitch of the tyre with which they are
associated and, therefore, they are always formed so as to preferably maintain the
ratio between the width measured at the lateral edge 8 or 9 (corresponding to the
terminal end 14) and the width measured at the initial end 12 between 3 and 4.5.

The tread band 2 further comprises a first and a second plurality of
secondary grooves which are designated 20 and 21, respectively, and which are
arranged in succession along the circumferential extension of the tread band 2.

Each secondary groove 20, 21 extends in a substantially circumferential
direction between consecutive pairs of main grooves 10 with an inclination with

respect to the equatorial plane X greater than 0°. Preferably, each secondary
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groove 20, 21 extends between consecutive pairs of main grooves 10 with an
inclination with respect to the equatorial plane X less than 40°.

Preferably, the secondary grooves all have the same inclination, for example,
about 3°.

The first plurality of secondary grooves 20 are arranged between the central
region 5 and the first shoulder region 6 at a distance from the equatorial plane X of
about 30% of the effective width L, while the second plurality of secondary grooves
21 are arranged, symmetrically with respect to the first plurality of secondary
grooves 20, between the central region 5 and the second shoulder region 7 at a
distance of about 30% of the effective width L.

Preferably, the secondary grooves 20, 21 are open at the respective main
grooves 10 substantially in the region of the connection between the first length 11
and the second length 13.

Each secondary groove 20 of the first plurality, as for each secondary groove
21 of the secondary plurality, has both ends 22 at least partially facing in a
circumferential direction an end of another secondary groove which is open at the
same main groove 10.

The secondary grooves 20 and 21 preferably have a substantially constant
width.

Each secondary groove 20, 21 delimits, at one side, a shoulder block 15 and,
at the other side, a central block 16.

At the central region 5, there further extends, between pairs of main grooves
10, a connection groove 25 which subdivides the central block 16 into two portions
having similar dimensions.

The connection grooves 25 extend between adjacent pairs of main grooves
10 in a symmetrical manner with respect to the equatorial plane X. Preferably, said
connection grooves 25 have a substantially constant width.

Preferably, all the main grooves 10, the secondary grooves 20, 21 and the
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connection grooves 25 have a depth greater than about 8 mm.

Preferably, all the main grooves 10, the secondary grooves 20, 21 and the
connection grooves 25 have a depth less than about 10 mm.

Preferably, there corresponds to each central block 16 a single shoulder block
15 which is therefore delimited by the respective second lengths 13 of a pair of
main grooves 10 and by a secondary groove 20, 21 without being affected by any
additional groove which subdivides it into smaller portions.

There are preferably formed on each of the blocks 15 and 16 which are
defined on the tread band 2 a plurality of sipes 23 which are suitable for promoting
the grip of the tyre 1 on a snow-covered surface.

The sipes 23 may be of any suitable form, straight or undulating, and may
extend in any desired direction, axial or oblique.

In the preferred example described and illustrated here, there are formed on
the central blocks 16 straight sipes 23a while there are formed on the shoulder
blocks 15 zigzag sipes 23b.

The sipes 23a have substantially the same inclination with respect to the
equatorial plane X in a mutually substantially symmetrical manner with respect to
the equatorial plane itself.

Preferably, the sipes 23b which are present on each shoulder block 15 are
substantially counter-inclined (with reference to the mean inclination thereof) with
respect to the sipes 23a which are present in the corresponding adjacent central
block 16.

Furthermore, the sipes 23 preferably have a variable depth over the
individual longitudinal extension thereof. In particular, the sipe has a first depth at
a central portion thereof while it has a second depth which is less than the first
depth at the terminal portions thereof.

Preferably, the sipes 23 may further have a third depth, intermediate

between the first depth and second depth, at one of the two terminal portions of
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the sipe.

In this manner, the blocks 15 and 16 maintain a high general rigidity which
promotes the performance levels of the tyre particularly on dry and wet road
surfaces, further affording relevant advantages in terms of less wear of the tyre
itself.

In the embodiment shown in Figure 2, the central region 5 has a void-to-
rubber ratio of about 0.32, the shoulder region 6 or 7 has a void-to-rubber ratio of
about 0.35 and, generally, the tread band 2 has a void-to-rubber ratio, inside the
effective width L thereof, of about 0.33. In greater detail, subdividing the central
region 5 into a first zone 5a, which extends symmetrically across the equatorial
plane X over a width equal to about 30% of the effective width L of the tread band,
and in a second zone 5b formed by the two portions of the central region 5
interposed between the first zone 5a and the shoulder regions 6 or 7, the first zone
5a has a void-to-rubber ratio of about 0.29 and the second zone 5b has a void-to-
rubber ratio of about 0.36.

More generally, the value of the void-to-rubber ratio in the first zone 5a of
the central region is preferably less than the value in relation to the second zone
5b. Preferably, the value of said ratio in the shoulder regions 6 or 7 is maintained
substantially constant or decreases with respect to the ratio in relation to the
second zone 5b. The above-described tread pattern produces a regular and
substantially uniform distribution of the rigidity over the axial extension of the tread
band. In particular, each shoulder region 6 or 7 contributes about 42% of the total
rigidity of the tread band, while the remaining 58% is generally supplied by the
central region 5. In greater detail inside the central region 5: the first zone 5a
makes a contribution to the total rigidity of the tread band equal to 26% while the
second zone 5b makes a contribution to the total rigidity of the tread band equal to
32%.

EXAMPLE
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There have been compared tyres having a size of 195/65 R15 model Winter
SnowControl™ Series 3, which are currently marketed by the Applicant
(comparison) and appreciated by clients, with tyres of the same size and having a
tread pattern which is produced as shown in the Figures of the present document
(invention).

The Applicant has carried out a series of tests on different road surfaces, in
particular on a wet, snow-covered and dry road surface.

The results of the tests are set out in Table 1 below, in which the values of
the evaluations are expressed as percentages by fixing the values in relation to the

comparison tyre equal to 100.

Comparison Invention
Lateral Aquaplane 100 108
Aquaplane on straight 100 109
Subjective noise 100 105
Braking on dry 100 103
Braking on wet 100 104
Handling on dry 100 105
Handling on wet 100 100
Braking on snow 100 104
Traction on snow 100 108

Table 1

The tyre 1 of the invention has therefore exhibited a net overall improvement

with respect to the tyre with which it was compared.
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CLAIMS

1. A tyre for vehicle wheels comprising a tread band (2) having a tread pattern in
which there are defined:

- a central region (5) of said tread band extending circumferentially across an
equatorial plane (X) of said tyre over a width equal to about 60% of an effective
width (L) of said tread band;

- a first and a second shoulder region (6, 7) which extend at the opposing sides of
said central region in an axially external position of said tread band, respectively,
wherein said tread band comprises:

- a plurality of main grooves (10) which are arranged in succession over the
circumferential extension of said tread band, each of said main grooves extending
from said central region (5), through said first or alternatively said second shoulder
region (6, 7), in order to open at a lateral edge (8, 9) of said tread band;

- at least one plurality of secondary grooves (20, 21) which are arranged in
succession over the circumferential extension of said tread band, said secondary
grooves extending in a substantially circumferential direction between consecutive
pairs of said main grooves (10); and

wherein any radial plane (R, S) comprising the axis (Y) of said tyre intersects at

said central region (5) with at least four of said main grooves (10).

2. A tyre according to claim 1, wherein, with reference to the entire circumferential
extension of said tread band, the central region surface-area in which said number
of main grooves which are intersected by said any radial plane is greater than five

is a portion less than 15% of the total surface-area of said central region.

3. A tyre according to claim 1 or 2, wherein said number of main grooves which are

intersected by said any radial plane is between four and six.
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4. A tyre according to any one of the preceding claims, wherein an initial end (12)
of each of said main grooves, which end is defined in said central region, is in
substantial axial alignment with the transition of another main groove from said

central region (5) towards said first or second shoulder region (6, 7).

5. A tyre according to any one of the preceding claims, wherein said main grooves

(10) do not intersect with each other.

6. A tyre according to any one of the preceding claims, wherein each main groove
(10) comprises a first length (11) which extends substantially from said equatorial
plane through said central region (5) and a second length (12) which is connected
to said first length and which extends through said first shoulder region (6) or said
second shoulder region (7) towards said lateral edge (8, 9) of the tread band, said
first length (11) having a first inclination (A) with respect to the equatorial plane
(X) and said second length having a second inclination (B) with respect to the

equatorial plane (X) greater than said first inclination.

7. A tyre according to claim 6, wherein said first inclination (A) is between 10° and

40°,

8. A tyre according to claim 6 or 7, wherein said second inclination (B) is between

65° and 85°.

9. A tyre according to any one of the preceding claims, wherein the width of said

main grooves increases from an initial end (12), which is defined in said central

region, towards said lateral edge (8, 9) of the tread band.

10. A tyre according to claim 9, wherein the ratio between the width of said main
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grooves (10) at said lateral edge (8, 9) of the tread band and said initial end (12) is

between 3 and 4.5.

11. A tyre according to any one of the preceding claims, wherein said tread band
comprises a first plurality of secondary grooves which extend in a region defined
across said central region and said first shoulder region at a distance from said
equatorial plane between about 25% and about 35% of said effective width of the

tread band.

12. A tyre according to claim 11, wherein said tread band comprises a second
plurality of secondary grooves which extend in a region which is defined across said
central region and said second shoulder region at a distance from said equatorial

plane between about 25% and about 35% of said effective width of the tread band.

13. A tyre according to claim 11 or claim 12, wherein said first plurality of
secondary grooves or said second plurality of secondary grooves extend at a
distance from said equatorial plane equal to about 30% of said effective width of

the tread band.

14. A tyre according to any one of the preceding claims, wherein each of said
secondary grooves has an inclination with respect to the equatorial plane (X)

between 0° and 10°.

15. A tyre according to any one of the preceding claims, wherein each secondary

groove has both ends at least partially facing, in a circumferential direction, an end

of another secondary groove.

16. A tyre according to any one of the preceding claims, wherein, at said central
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region, a connection groove extends between consecutive pairs of main grooves.

17. A tyre according to claim 16, wherein each connection groove has an inclination

with respect to the equatorial plane (X) between 10° and 30°.

18. A tyre according to claim 16 or claim 17, wherein said connection grooves have

a width between 1 mm and 3 mm.

19. A tyre according to any one of the preceding claims, wherein said secondary

grooves have a width between 2 mm and 5 mm.

20. A tyre according to any one of the preceding claims, wherein said tread band,
inside the effective width thereof, has a void-to-rubber ratio between 0.30 and

0.36.

21. A tyre according to any one of the preceding claims, wherein the void-to-rubber

ratio of the central region is between 0.28 and 0.36.

22. A tyre according to any one of the preceding claims, wherein the void-to-rubber

ratio of the shoulder region is between 0.31 and 0.38.

23. A tyre according to any one of the preceding claims, wherein said main grooves
and said secondary grooves define at said tread band a plurality of blocks, on each
of which there are formed a plurality of sipes which are capable of promoting the

grip of said tyre on a snow-covered surface.
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