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Tyre for vehicle wheels
The present invention relates to a tyre for vehicle wheels, more particularly a winter
tyre.
A tyre generally comprises a carcass structure of a substantially toroidal shape
around a rotational axis and includes at least one carcass ply provided with end
flaps engaged with respective annular reinforcing structures, known as beads.
In a position radially external to the carcass structure a belt structure is provided,
comprising, in the case of car tyres, at least two radially overlapping strips of
rubberized fabric provided with reinforcing cords, usually metallic, arranged in each
strip parallel to each other but crossed respective to the cords of the adjacent strip,
preferably symmetrically relative to the equatorial plane of the tyre.
Preferably, the belt structure further comprises, in a radially external position, at
least on the ends of the underlying belt strips, also a third layer of textile or metal
cords, arranged circumferentially (at 0 degrees). A radially inner layer is further
present in tubeless tyres, called a "liner," which has waterproof characteristics to
ensure the air-tightness of the tyre itself.
In a position radially external to the belt structure a tread band is applied, made of
elastomeric material, on which a tread surface is defined that is designed to get in
contact with the road surface.
In order to ensure adequate road grip even on a wet road surface, the tyres have a
tread band provided with grooves of various shapes and geometry that delimits
portions of the tread band, named blocks, intended to contact the ground.
The overall configuration of the tread band defined by the set of grooves and blocks
forms the tread pattern.
The tread pattern may be not symmetrical relative to the equatorial plane of the
tyre and may provide a differentiated configuration between the external region of

the tyre, intended to be facing outward when the tyre is mounted on the vehicle,
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and the opposite inner region of the tyre. A tyre having a tread pattern of this type
is called "asymmetrical."

The main function of the grooves is to allow for the evacuation of the water present
between the surface of the tyre and the road surface at the moment of reciprocal
contact, preventing the hydrostatic pressure resulting from the impact of the water
against the advancing tyre, or partial lifting of the tyre from the road surface and
from causing subsequent loss of control of the vehicle.

Moreover, in the case of winter tyres, small notches, called "sipes," are generally
provided on the blocks of the tread band, extending from the tread surface of the
tyre to the inside of the block. The function of the sipes is to offer additional
gripping elements when driving on snowy surfaces and to retain a certain amount
of snow, thus improving the grip on the road surface.

The Applicant has observed that the grooves and the sipes affect the directionality
and stability characteristics of the tyre relative to the tangential stresses directed
perpendicularly to the direction in which the grooves and the sipes are extended.

In particular, the Applicant verified that the grooves and the sipes provided in a
circumferential direction influence the characteristics of directionality and stability
of the running of the tyre in relation to the tangential stresses with a component
parallel to the rotation axis of the tyre, for example, during the cornering of the
vehicle, while the grooves and the sipes provided in the axial direction, in turn,
affect the traction characteristics of the tyre relative to the tangential stresses with
a component parallel to the direction of travel, for example during the acceleration
and braking phases of the vehicle.

The Applicant has observed moreover that, in general, the “asymmetrical” tyres are
not “directional,” i.e. they do not provide for rotation in a preferential direction of
travel, whereby if the tyre is mounted on a right wheel of the vehicle it is designed

to rotate in one direction of rotation, while if the tyre is mounted on a left wheel of
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the vehicle it is designed to rotate in the opposite direction of rotation.

The Applicant verified that in an “asymmetrical” tyre the behaviour on the road can
vary significantly when it is rotated in two different rotational directions.

The Applicant also noted that this distinction is particularly significant in the central
region of the tread band, where generally the main transverse grooves are strongly
slanted relative to the axial direction of the tyre.

He thus felt the need to produce a tyre wherein the grooves and the sipes are
configured in such a way as to define a tread pattern able to offer a particularly
balanced behaviour on the road, both in cornering and in the braking and
acceleration phases, which behaviour being, at the same time, sufficiently similar
when rotating in anyone of the two rotational directions.

Firstly, the Applicant has perceived that an asymmetrical tread pattern in which the
main transverse grooves, at least in correspondence with a central region of the
tread band, are slanted in a mutually consistent manner relative to a
circumferential direction of the tyre, maintain the same trend both when it is
mounted on one vehicle wheel as when mounted on the other vehicle wheel.

In other words, this configuration forms an invariant characteristic relative to the
rotational direction of the tyre.

Moreover, such a configuration of the main transverse grooves allows to achieve a
high capacity for water evacuation in case of driving on wet surfaces. In fact, the
water present in the central region of the tread band is guided towards the outer
edges of the tread band through the main transverse grooves without sudden
changes in direction, which would hinder the outflow.

The Applicant has understood, however, that a succession of main transverse
grooves all slanted in the same direction may result in poorly balanced behaviour of
the tyre during traction and curve conduction. For example, the slanted grooves

may cause an axial stress component on the tyre, which, in turn, involves a traction
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unbalancing of the tyre with consequent lateral drift of the same, even when driving
in a straight direction.

To avoid this potential inconvenience, the applicant has therefore noted that the
behaviour of the main transverse grooves can be adequately compensated for by
suitably configuring the grooves with a narrow section present on the tread band, in
particular the sipes and any secondary transverse grooves.

Finally, the Applicant has found that the behaviour of the tyre on the road,
particularly of a winter tyre, is particularly balanced by adopting a tread pattern
wherein, at least in the central region, all the main transverse grooves are slanted
in a concordant manner to one another, and all the sipes provided in such a central

region are slanted in the opposite direction to the main transverse grooves.

In particular, in a first aspect thereof, the invention relates to a tyre for vehicle
wheels comprising a tread band.

Preferably, a pair of axially opposite shoulder regions and a central region
interposed between said shoulder regions are defined on the tread band.

Preferably, on each of said shoulder regions and said central region there is
provided a plurality of main transverse grooves slanted respective to a
circumferential direction defined on said tread band.

Preferably, on each of said shoulder regions and said central region a plurality of
blocks is also provided.

Preferably, a plurality of sipes is provided on said plurality of blocks.

Preferably, in said central region, all said main transverse grooves are slanted
relative to a circumferential direction in a concordant manner to one another.
Preferably, in said central region, all said sipes are slanted in a concordant manner
to one another.

Preferably, in said central region, all said sipes are slanted in a discordant manner
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relative to said main transverse grooves.

Thanks to these embodiments, the tyre according to the invention comprises a
tread pattern which has an overall configuration substantially invariant relative to
the rolling direction of the tyre, making it particularly suitable for use in an
"asymmetrical” tyre, and at the same time has a configuration where the gripping
edges defined by the main transverse grooves and the sipes have uniformly
distributed slants so that the behaviour of the tyre is particularly balanced both in
traction (in acceleration or braking) and in bend driving.

Moreover, the concordant trend of the main transverse grooves improves the speed
of water evacuation, when driving on wet roads.

The term "equatorial plane" of the tyre means a plane perpendicular to the
rotational axis of the tyre and which divides the tyre into two equal parts.
"Circumferential” direction means a direction generally oriented according to the
rotational direction of the tyre, or, at most, slightly slanted (at most by about 5°)
relative to the rotational direction of the tyre.

"Axial" direction means a direction substantially parallel to the rotational axis of the
tyre, or, at most, slightly slanted (at most by about 5°) relative to said rotational
axis of the tyre. The axial direction is generally perpendicular to the circumferential
direction.

The term "effective width" referring to the tread band is defined as the width of the
radially outermost portion of the tread band (edge to edge) designed to get in
contact with the ground.

The "central region" of the tread band means a portion of the tread band extending
circumferentially around an equatorial plane of said tyre for a width equal to at
least 30% of the effective width of the tread band, preferably for a width between
40% and 75% of the effective width.

The central region can be extended symmetrically or not relative to the equatorial
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plane.

In particular, when on the tread band there are provided circumferential or almost
circumferential grooves, the central region may be delimited on one or both sides,
by one of said circumferential grooves.

"Shoulder regions" of the tread band, mean the portions of the tread band
extending circumferentially to the opposite sides of the central region, in an axially
external position of the tread band.

Preferably, each shoulder region is extended by a width of at least 10% of the
effective width of the tread band.

A shoulder region is called "internal™ when it is meant to be facing the vehicle when
the tyre is mounted on the vehicle and is likewise called "external” when it is meant
to be facing the outside of the vehicle when the tyre is mounted on the vehicle.

A tyre is called "asymmetrical" when its tread pattern is not symmetrical relative to
the equatorial plane. In an asymmetric tyre an inner region of the tread band is
defined, formed by the half of the tread band delimited by the equatorial plane and
designed to be facing towards the vehicle when the tyre is mounted on the vehicle,
and an outer region of the tread band formed by the half of the tread band axially
opposed to the equatorial plane.

The term "groove" means a recess formed in a portion of the tread band, having a
width greater than or equal to 1.5 mm, and preferably with a depth greater than 3
mm.

A groove is called "circumferential" when it extends along a circumferential
direction or, at most, is slanted at an angle less than 5° respective to the
circumferential direction.

A groove is called “transverse” when it extends along a slanted direction respective
to the circumferential direction of an acute angle greater than at least 10°.

A groove is called "main" when it has a width greater than 3 mm, preferably
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greater than 5 mm, while it is called "secondary" when it has a width of less than or
equal to 3 mm.

The term "sipe" means a recess formed in a portion of the tread band, having a
width of less than 1.5 mm, preferably less than or equal to 1 mm.

The width of sipes and grooves should be measured at a depth greater than or
equal to 1 mm, preferably greater than or equal to 1.5 mm.

In the case in which the width of the groove or the sipe varies along its longitudinal
line, the average width is considered, the value of which is obtained as the average
of the different width values suitably evaluated according to the relative
longitudinal extent. For example, if a groove has a width of 5 mm for 80% of its
longitudinal extent and a width of 3 mm for the remaining 20%, the average value
of the width to be considered will be equalto 5x 0.8 + 3 x 0.2 = 4.6 mm.

Similarly, if the width of a groove, in particular of a transverse groove, varies along
the tread band depending on the length of the tread to which it belongs, the
average value is considered.

A groove is defined as being “through” when it opens onto two or more distinct
grooves, connecting them. In the case of branched grooves, a through groove has
at least two open ends along distinct grooves.

One end of a groove is called "blind" when it does not open onto another groove.
The slant of a transverse groove relative to a circumferential direction identified on
the tread band is defined by the acute angle formed by the groove with the
circumferential direction. As a special case, a transverse groove extending parallel
to the axis of the tyre will have a slant of 90° relative to the circumferential
direction.

Two (or more) transverse grooves are slanted “in a concordant manner” when their
trend is, for both, increasing or decreasing when they are considered on a Cartesian

plane positioned on the tread band (tangentially to the same) with the axis of the
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ordinates parallel to the circumferential direction and the axis of the abscissas
parallel to the axis of the tyre.

Consequently, two transverse grooves are slanted "in a discordant manner" when
their trend is, when considered in such a Cartesian plane, increasing for one groove
and decreasing for the other groove.

Two portions of groove (or two grooves) are “substantially aligned” when their
longitudinal axes, at least at their respective mutually facing ends, are offset by a
value that is less than their width (in the case of portions of different widths, the
greatest width is considered). Conversely, two groove portions (or two grooves) are
referred to as "misaligned." The misalignment value between two groove portions
(or two grooves) is measured as the distance between the relative longitudinal
axes.

Two grooves are "adjacent" when they are arranged on the tread surface one after
the other, considering the rotation of the tyre in any of the two directions of
rotation. In particular, two grooves of the same type are adjacent when no other
grooves of that type are provided between them.

By "tread pattern"” is meant the overall configuration of the tread band as defined
by the set of grooves and blocks that are delimited by them.

A "module" of the tread pattern is defined by the minimum portion of the tread
band whose configuration is repeated in succession along the circumferential extent
of the tread band to form said tread pattern.

A module is extended between the axial ends of the tread band. Moreover, while
maintaining an identical basic configuration, the modules may have a
circumferential dimension (known as "pitch") slightly different from one another, for
example, on a tread band modules can be used with two, three or four different
pitches, variously combined with each other.

A first group of a predefined type of grooves is called "complementary" to a second
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group of grooves of the same type when the sum of the grooves from the first and
second group embodies the totality of the grooves of that type.

This invention, in the above aspect, can have at least one of the other preferred
features indicated hereafter.

Preferably, all said main transverse grooves provided on at least one of said
shoulder regions are slanted relative to a circumferential direction in a manner
consistent with said main transverse grooves provided on said central region.

In this way, the concordant pattern of the main transverse grooves is extended
over the entire axial extension of the tread band, obtaining a better uniformity of
road behaviour from the tyre both when rotated in one direction of rotation and
when rotated in the opposite direction. In addition, this embodiment also improves
behaviour on wet surfaces, favouring the rapid outflow of water towards the outside
of the tread band.

Preferably, sipes are provided on all the blocks of said shoulder regions and of said
central region.

Preferably, in said central region, said sipes are all parallel to one another.
Preferably, in said central region, said sipes are slanted relative to said
circumferential direction by an angle comprised between 65° and 85°, more
preferably between 70° and 80°.

This configuration allows the sipes to make a constant and significant contribution
to the tyre's directionality, effectively compensating for the effect of the
homogeneous slant of the main transverse grooves.

Preferably, a plurality of first main transverse grooves is provided on one of said
shoulder regions and on said central region.

Preferably, each of said first main transverse grooves comprises a first portion
extending from said shoulder region towards an equatorial plane of said tyre which

is slanted relative to said circumferential direction by a first angle.
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Preferably, each of said first main transverse grooves comprises a second portion
extending into said central region towards said equatorial plane and as a
continuation of said first portion, which is slanted relative to said circumferential
direction by a second angle, smaller than said first angle.

Preferably, said first angle is between 70° and 90°.

Preferably, said second angle is between 35° and 50°.

This configuration defines a main transverse groove which, on the one hand, allows
a more gradual entry of the main transverse groove into the footprint area,
positively influencing the tyre noise aspects, and on the other hand, maintains a
sufficiently axial orientation to guarantee excellent performance during acceleration
and braking of the tyre.

Actually, thanks to these features, the Applicant has verified that the tyre according
to the invention has significantly reduced noise levels and, in addition, improved
behaviour on the road, particularly in the traction phase.

In fact, the specific selection of the slant intervals of the different portions of the
first transverse groove allows for production of a tread pattern with a
circumferentially more limited module, in which only one block can be provided in
the shoulder region. This enables the elimination of one of the noise sources
highlighted by the analysis of the characteristic frequencies of the tread band and,
as a further important advantage, to obtain a tread pattern in which the transverse
grooves are more compact and frequent, so that, in the footprint area, the gripping
edges in contact with the ground are more numerous and more effective in the
traction phase, providing at least two first transverse grooves in the footprint area.
On the other hand, the Applicant has verified that the provision of first transverse
grooves with a second extended portion in the central region slanted relative to the
circumferential direction greater than 50° would have led to a substantial new

increase in the noise level.
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Therefore, the selection of the specific angulation interval of the first transverse
grooves allows for optimization of the tread pattern according to the noise
reduction requirements, achieving, in addition, an improvement in the road
performance of the tyre.

Moreover, this configuration allows for an embodiment of a tread pattern with a
large number of main transverse grooves in the tyre footprint area, preferably at
least two first main transverse grooves.

In a particularly preferred embodiment of the invention, said second angle is
between 35° and 45°.

In this narrow range of angles, tyre performance in terms of noise reduction and
improved road performance are further optimized.

Preferably, said first main transverse grooves comprise a first end, axially external,
open to a lateral edge of said tread band.

Preferably, said first main transverse grooves comprise a second, axially internal,
blind end.

This feature avoids the formation, at the second end of the first main transverse
groove, of blocks with particularly reduced width, which may not be very rigid, and
therefore not suitable for opposing the tangential stresses exerted on the tread
band by the vehicle drive, and/or easily worn out.

Preferably, said second portion of said first main transverse grooves has a
decreasing width starting from said first portion up to an axially internal end of said
first main transverse grooves.

Preferably, said first portion of said first main transverse grooves has a decreasing
width starting from an axially external end of said first main transverse grooves up
to said second portion.

In this way a channel is formed whose width increases starting from the region

closest to the equatorial plane towards the lateral edge of the tread band, so as to
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facilitate the evacuation of the water from the inside towards the outside of the
tread band.

Preferably, said shoulder region is separated from said central region by a
circumferential groove intersecting said first main transverse grooves.

In this way, the water coming from the central region through the first main
transverse grooves can be easily evacuated along the circumferential direction.
Furthermore, the shoulder region is clearly delimited.

Preferably, a plurality of secondary transverse grooves is formed in said central
region.

Preferably, said secondary transverse grooves are slanted in a concordant manner
to one another and in a discordant manner with respect to said main transverse
grooves.

In this way, the sipe balancing action can be strengthened in specific regions of the
tread band.

Preferably, said secondary transverse grooves intersect said first main transverse
grooves.

Thanks to this feature, the sipe balancing action is strengthened in correspondence
with the first main transverse grooves, so as to locally compensate their effect of
traction unbalancing.

Preferably, each of said secondary transverse grooves comprises a first portion
extending towards one of said shoulder regions, which is slanted respective to said
circumferential direction by a third angle.

Preferably, each of said secondary transverse grooves comprises a second portion
extending from said first portion towards said shoulder region, which is slanted
respective to said circumferential direction by a fourth angle.

Preferably, said fourth angle is smaller than said third angle.

Preferably, said third angle is between 65° and 85°, more preferably between 70°
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and 80°.

Preferably, said fourth angle is between 20° and 50°, more preferably between 20°
and 40°.

In this manner, at the second portion of the first main transverse grooves, which
has an orientation closer to the circumferential direction and that thus, in the
traction phase, tends to cause a more pronounced shifting effect from the
circumferential direction, secondary grooves are provided, having a similar slant
but with an opposite imprint relative to said second portion, in order to
counterbalance the lateral drift effect.

Preferably, said equatorial plane divides said tread band into an inner region,
designed to be facing towards the vehicle when said tyre is mounted on said
pneumatic vehicle, and in an outer region, different from the inner region and
designed to face the side opposite the vehicle when said tyre is mounted on said
vehicle, so defining an asymmetrical tyre, said first main transverse grooves
extending within said inner region of said tread band.

In this manner, the first main transverse grooves can be configured to fulfil some
specific needs of the inner region of the tread band and, in particular, those related
to drive on snowy ground.

Preferably, said secondary transverse grooves are extended into said inner region
of said tread band.

In this manner, the effect of the first main transverse grooves and secondary
grooves is limited to the inner region of the tread band, characterizing its
functionality relative to the other regions of the tread band. In particular, the inner
region of the tread band is particularly configured to provide the tyre with excellent
performances on snowy ground.

Preferably, said first portion of said secondary transverse grooves is substantially

parallel to said sipes provided in said central region.
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Thanks to this feature, the first portion of the secondary transverse groove behaves
uniformly to the sipes, reinforcing the balancing effect.

Preferably, said third angle and said first angle differ in absolute value by less than
15°, more preferably less than or equal to 10°.

Preferably, said fourth angle and said second angle differ in absolute value by less
than 15°, more preferably less than or equal to 10°.

In this manner, the first main transverse grooves and the secondary transverse
grooves have substantially similar slants but with an opposite sign, being
substantially symmetrical with respect to an identifiable symmetry line on the tread
band. Thanks to this, the effects of their respective slant are further and effectively
counterbalanced.

Preferably, said first portion of said secondary transverse grooves intersects one of
said first main transverse grooves at a second portion thereof.

Preferably, said first portion of said secondary transverse grooves opens onto a
circumferential groove provided on said tread band.

In this manner, the first portion of the secondary transverse groove can connect
the first main transverse groove with a circumferential groove, increasing the
capacity for rapid evacuation of the water present in the central region of the tread
band.

Preferably, said second portion of said secondary transverse grooves extends
between said first portion of said secondary transverse grooves and said second
portion of one of said first main transverse grooves.

Preferably, said second portion terminates in a first main transverse groove
adjacent to the first main transverse groove intersected by the first portion of the
secondary transverse groove.

Preferably, each of said secondary transverse grooves comprises a third portion,

extending from said second portion of said first main transverse groove, on the
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opposite side of said second portion of secondary transverse groove.

In this manner, the secondary transverse groove also effectively balances the
second section of the portion of the first main transverse groove axially internal
relative to its intersection with the second portion of the secondary transverse
groove.

Preferably, said third portion of the secondary transverse grooves is substantially
parallel to said second portion of the secondary transverse grooves.

In this manner, the slant of the second and third portions of the secondary
transverse groove is kept constant so as to adequately balance the constant slant
of the second portion of the first main transverse groove.

Preferably, said third portion of the secondary transverse grooves is extended
between said second portion of a first main transverse groove and a connecting
portion between said first portion and said second portion of a first adjacent main
transverse groove.

In this manner, between the two first adjacent main transverse grooves there may
be delimited blocks of suitable size and configuration, preferably with four or five
sides.

Moreover, with this configuration, each secondary transverse groove intersects a
first main transverse groove with a first portion thereof, then intersects another
first adjacent main transverse groove with its second and third portion, and finally
terminates with its third portion in a further first adjacent main transverse groove.
Preferably, in said tread band a first group of secondary transverse grooves is
identified, wherein, in each secondary transverse groove, said third portion is
substantially aligned with said second portion.

Preferably, said first group comprises at most 20%, more preferably between 5%
and 10%, of all said secondary transverse grooves provided on said tread band.

Preferably, in said tread band a second group of second secondary transverse
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grooves is also identified, wherein, in each secondary transverse groove, said third
portion is misaligned with respect to said second portion.

Preferably, said second group is complementary to said first group and comprises
at most 95% of all said secondary transverse grooves provided on said tread band.
In this manner, some secondary transverse grooves, those belonging to the first
group identified above, have the respective second and third aligned portions while
all the others belonging to the second group have their respective second and third
portions misaligned with each other.

The advantageous effect obtained by this configuration is that of reducing the
overall noise of the tread band, since the succession of impacts of the secondary
transverse grooves defines an enlarged frequency spectrum distributed over many
values.

Preferably, in each secondary transverse groove of said second group, said third
portion and said second portion are misaligned by a distance of less than 25 mm,
more preferably less than 15 mm and even more preferably less than 10 mm.

In this manner, the misalignment between the two groove portions is contained
within reduced dimensions, so that the balancing effect is maintained even locally
with the first main transverse groove.

Preferably, in said second group secondary transverse grooves are identified having
different misalignment values between said third portion and said second portion.
Even more preferably, in said second group, the misalignment values between said
third portion and said second portion of secondary transverse grooves are at least
three.

In this manner, it is achieved that the noise caused by the impact of the second
and third portions of the secondary transverse grooves with the road surface is
distributed over a broader frequency spectrum, so as to decrease the overall

intensity.
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Preferably, each of the third portions of the said secondary transverse grooves
comprises a first end, from which said third portion is extended starting from said
second portion of said first main transverse groove, and wherein said first ends of
the third portions of the said secondary transverse grooves are substantially aligned
along said circumferential direction.

Preferably, each of the said secondary transverse grooves comprises a first, axially
internal, end from which said first portion of said secondary transverse groove is
extended towards said shoulder region and identifies a first corresponding main
transverse groove in which said second portion of said secondary transverse groove
ends, wherein said first end of each of said secondary transverse grooves and a
first axially outer end of said first corresponding transverse groove are substantially
aligned along an axial direction of said tyre, or, at most, they are offset by less
than 20 mm, more preferably less than 10 mm.

In this manner, the secondary transverse groove is substantially symmetrical to a
first main transverse groove corresponding to a circumferential direction.
Preferably, each of said first main transverse grooves comprises a third portion
extending from said second portion towards said equatorial plane, which is slanted
relative to said circumferential direction by a fifth angle smaller than said second
angle.

Preferably, said fifth angle is between 10° and 25°.

In this manner, the first main transverse grooves can be kept inside the inner
region of the tread band even in treads with reduced width.

Preferably, said first portion of said secondary transverse grooves intersects said
first main transverse grooves in said third portion.

Preferably, on said tread band a tread pattern is defined, formed by the
configuration of grooves and blocks provided on said tread band.

Preferably, on said tread band a module of said tread pattern is also defined,
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formed by the minimum portion of tread band whose configuration is repeated
successively along the circumferential development of the tread band to form said
tread pattern.

Preferably, said module, in said shoulder regions, comprises a single block
extended along said circumferential direction.

This feature allows the production of a tread pattern that, while maintaining high
performance in terms of behaviour on the road, also has excellent characteristics in
terms of noise. The Applicant has indeed verified that the presence in the module of
the tread pattern of two adjacent shoulder blocks along the circumferential
development of the tread band proves to be a relevant source of noise.

Preferably, on said central region three circumferential grooves are provided which
delimit a pair of circumferential ribs, on each of which are provided second main
transverse grooves.

In this manner, a region especially configured for driving on wet roads is defined on
the central region of the tread band. In this region, in fact, the water present in the
central region of the tread band can be rapidly evacuated by means of the
circumferential grooves.

Preferably, this region is adjacent to the tread band region on which the first main
transverse grooves and secondary transverse grooves are provided.

Preferably, said second main transverse grooves provided on one of said
circumferential ribs are substantially aligned with corresponding second main
transverse grooves provided on the other of said circumferential ribs. Preferably,
said second main transverse grooves are slanted relative to said circumferential
direction by a sixth angle between 60° and 80°.

Preferably, on a shoulder region axially opposed to said first main transverse
grooves, a plurality of third main transverse grooves are provided, which are

slanted relative to said circumferential direction by a seventh angle between 70°
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and 90°.
Preferably, said third main transverse grooves are substantially parallel to said first
portion of said first main transverse grooves.
Preferably, on said shoulder region axially opposed to said first main transverse
grooves, said sipes are substantially parallel to said third main transverse grooves.
Preferably, on said shoulder region from which said first main transverse grooves
are extended, said sipes are substantially parallel to said first portion of said first
main transverse grooves.
Preferably, in a radially internal position relative to the tread band, a belt structure
is provided comprising at least a first radially internal strip, provided with first
reinforcing cords parallel to each other and slanted relative to the equatorial plane.
Preferably, said belt structure comprises a second radially external strip,
superimposed on the first strip, provided with second reinforcing cords parallel to
each other and slanted symmetrically relative to the first cords relative to the
equatorial plane.
Preferably, said main transverse grooves are slanted in a concordant manner with
said first reinforcing cords.
Preferably, said sipes and/or said secondary transverse grooves are slanted in a
concordant manner with said second reinforcing cords.
This configuration makes it possible to balance any traction imbalance caused by
the structure of the belt layers underlying the tread band.
The characteristics and advantages of the invention will become clearer from the
detailed description of some of its preferred embodiments, illustrated using a non-
limiting example with reference to the accompanying drawings, wherein:

- figure 1 is a front view of a first embodiment of a tyre for vehicle wheels

made in accordance with the present invention;

- figure 2 is a schematic enlarged scale view of a significant portion of the
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tread band of the tyre of figure 1,

- figure 3 is a schematic enlarged scale view of a significant portion of the
tread band of a second exemplary tyre made in accordance with the present
invention,

- figures 4 and 5 are respective representations of the footprint area of the
tyre of figure 1 and of a tyre according to the prior art.

With an initial reference to figures 1 and 2, the reference number 1 overall
indicates a tyre for vehicle wheels made in accordance with the present invention.
The tyre 1 comprises a conventional tyre structure, not shown in the attached
figures, and a tread band 2 on which a tread surface 3 is defined, arranged radially
outside the tread band 2 and intended for contact with a road surface.

The tyre 1 embodies a conventional generically toroidal shape extended around a
rotational axis, defining on the tread surface 3 an axial direction Y parallel thereto,
and traversed by an equatorial plane X, perpendicular to the axis of rotation and
defining on the tread surface 3 a circumferential direction parallel thereto.

The tyre 1 is preferably designed to be mounted on a high-performance car and has
a nominal section width of approximately 295 mm with a 20-inch diameter.

On the tread band 2 an effective width L is identified, defined as the maximum
width of the tread band designed for contact with the ground under standard
conditions of use.

The tyre 1 is an asymmetrical tyre, so that the equatorial plane X divides the tread
band 2 into an outer region 5 of the tread band, designed to face the outside of the
vehicle when the tyre is mounted on the vehicle, and into an inner region 6 of the
tread band, axially opposite the outer region 5.

On the tread band 2 there is also defined an internal shoulder region 7, extending
between a first lateral edge 8a of the tread band 2 and a first circumferential

groove 20, as well as an external shoulder region 9, axially opposite the internal
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shoulder region 7 and extended between a second lateral edge 8b and a second
circumferential groove 21.

Between the internal shoulder regions 7 and the external shoulder region 9 a
central region 10 is defined, extending between the first circumferential groove 20
and the second circumferential groove 21.

The internal shoulder region 7 is axially extended by a width smaller than the
external shoulder region 9, so that the central region 10 is not symmetrical relative
to the equatorial plane X. In particular, the internal shoulder region 7 is axially
extended by a width equal to about 17% of the effective width L, the external
shoulder region 9 is axially extended by a width equal to about 25% of the effective
width L, and the central region 10 is axially extended by a width equal to about
58% of the effective width L.

In the central region 10 of the tread band 2 a third and a fourth circumferential
groove are also provided, indicated with 22 and 23 respectively, which define a pair
of circumferential ribs 11 and 12, substantially of equal width.

The first circumferential groove 20 has a constant width of about 3.5 mm and a
depth of about 6.5 mm, the second circumferential groove 21 has a constant width
of about 10 mm and a depth of about 8 mm, while the third and fourth
circumferential grooves 22 and 23 have a constant width of about 12.5 mm and a
depth of about 8.5 mm.

In this embodiment, all the circumferential grooves are therefore main grooves.

On the internal and external shoulder regions 7, 9 and on the central region 10 of
the tread band 2, respective pluralities of main transverse grooves are also
provided, in particular a plurality of first main transverse grooves 30, extending
between the internal shoulder region 7 and central region 10, a plurality of second
main transverse grooves 40, extending in the circumferential ribs 11 and 12 of the

central region 10 and a plurality of third main transverse grooves 50 extending in
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the external shoulder region 9.

All the main transverse grooves 30, 40 and 50 are slanted relative to the
circumferential direction in a concordant manner with one another, as is clearly
visible in figure 2, where they are all slanted in an increasing manner starting from
the second lateral edge 8b (in figure 2 represented by the left side of the tread
band 2) up to the first lateral edge 8a (in figure 2 represented by the right side of
the tread band 2).

The first main transverse grooves 30 extend from a first, axially external, end 31,
open to a first lateral edge 8a of the tread band 2 up to a second, axially internal,
blind end 32, facing the equatorial plane X, crossing the internal shoulder region 7
and ending in the central region 10 near the fourth circumferential groove 23,
without however opening into the same.

Each first main transverse groove 30 comprises a first portion 33, extending from
the first end 31 through the internal shoulder region 7, and a second portion 34,
extending into the central region 10 and connected continuously to the first portion
33.

The first portion 33, substantially straight, is slanted relative to a circumferential
direction by a first angle A of about 85°, while the second portion 34, also
substantially straight, is slanted relative to said circumferential direction by a
second angle B of about 37° and joined to the first portion 33 by means of a curved
connecting portion 35.

The first main transverse grooves 30 have a depth of about 7.5 mm, with a variable
width along their extension.

In particular, the first portion 33 of each first main transverse groove 30 has a
width, which is constant in any single first main transverse groove, comprised
between a minimum value of about 6 mm and a maximum value of about 11 mm,

according to the pitch of the specific module to which said first main transverse
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groove belongs, while the second portion 34 has a decreasing width starting from
the first portion 33 up to the second end 32, with an average value of about 3.5 -
4.5 mm.

In a central region 10 of the tread band 2, in particular in the inner region 6 of the
same, moreover, a plurality of secondary transverse grooves 60 is provided,
intersecting the first main transverse grooves 30.

Each secondary transverse groove 60 comprises a first portion 62, extending from a
first, axially internal, end 61, which opens onto the fourth circumferential groove
23, towards the internal shoulder region 7 and a second portion 63, extending as a
continuation of the first portion 62 until it ends in the second portion 34 of a first
main transverse groove 30.

The first main transverse groove 30 wherein the second portion 63 of a secondary
transverse groove 60 ends, is defined as the corresponding first main transverse
groove of the secondary transverse groove 60.

Each secondary transverse groove 60 comprises moreover a third portion 64,
extending from the second portion 34 of the corresponding first main transverse
groove, opposite to the second portion 63.

Each secondary transverse groove 60 is slanted relative to the circumferential
direction in a discordant manner respective to the main transverse grooves, as is
clearly visible in figure 2 where they are all slanted in decreasing manner starting
from the fourth circumferential groove 23 and continuing towards the internal
shoulder region 7.

All portions of the secondary transverse groove have a substantially constant width
of about 2.5 mm and a depth of about 7 mm.

The first portion 62 of each secondary transverse groove 60, substantially straight,
is slanted relative to the circumferential direction by a third angle C of about 75°,

while the second portion 63, also substantially straight is slanted relative to the
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circumferential direction by a fourth angle D of about 30°.

The third angle C and the first angle A, despite having the opposite sign, differ in
absolute value by about 10°, as do the second angle B and the fourth angle D.

The first portion 62 of each secondary transverse groove 60 intersects the second
portion 34 of a first main transverse groove 30 adjacent to the corresponding first
main transverse groove.

In each secondary transverse groove 60, the third portion 64 is substantially
parallel to the second portion 63 and extends starting from an end 65, opening into
the second portion of the corresponding first main transverse groove 30, to open
into a connecting portion 35 of a first main transverse groove 30 adjacent to the
corresponding first main transverse groove 30, opposite to the first main transverse
groove 30 intersected by the first portion 62.

Overall, therefore, each secondary transverse groove 60 affects three first main
transverse grooves 30, one intersected by the first portion 62, one (the
corresponding first main transverse groove) in which the second portion 63 ends
and from which the third portion 64 begins, and finally one in which the third
portion 64 ends.

The ends 65 of the third portions of the secondary transverse grooves 60 are
substantially aligned along the circumferential direction.

Moreover, the end 61 of each secondary transverse groove 60 is substantially
aligned along the axial direction Y, or, at most, is axially offset by a maximum
amount of 20 mm, with respect to the end 31 of the corresponding first main
transverse groove 30.

In a secondary transverse groove 60, the third portion 64 can be substantially
aligned with the respective second portion 63, or not.

In particular, a first group of secondary transverse grooves 60, representing a

fraction equal to about 8 - 10% of all the secondary transverse grooves 60 provided
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on the tread band 2, shows a substantial alignment between the second portion 63
and the third portion 64, while a second group, formed by all the remaining
secondary transverse grooves 60, shows a misalignment between the second
portion 63 and the third portion 64.

In the secondary transverse grooves 60 of the second group, the misalignment
value between the second and third portions varies from groove to groove, but it is
always less than 25 mm. Moreover, these misalignment values between the second
and third portions are at least three, comprised between 3 mm and 25 mm.

The second main transverse grooves 40 extend through the respective pairs of
circumferential grooves, which delimit the circumferential ribs 11 and 12.

Each second main transverse groove 40 provided on the circumferential rib 11 is
substantially aligned with a corresponding second main transverse groove 40
provided on the circumferential rib 12 and is slanted relative to the circumferential
direction by a sixth angle F of about 70°.

The second main transverse grooves 40 have a variable width between about 3.5
mm and about 5 mm with an average value of about 4 - 4.5 mm and a depth of
about 7.5 mm.

The third main transverse grooves 50 extend through the external shoulder region
9 and are slanted relative to the circumferential direction by a seventh angle G of
about 85°, so as to be substantially parallel to the first portion 33 of the first main
transverse grooves 30.

The transverse and circumferential grooves described above delimit a
corresponding plurality of blocks of the tread band 2, all identified with 70.

On each block 70, at least one sipe 80 is provided, which can be configured in any
suitable manner. In particular, in the present embodiment, the sipes 80 are
extended in a straight manner and, inside each block 70, the sipes are substantially

parallel and equally spaced from each other.
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In the internal and external shoulder regions 7 and 9, the sipes are moreover
extended substantially parallel to the direction of the first portion 33 of the first
main transverse grooves 30 and of the third main transverse grooves 50,
respectively.

In the central region 10, on the other hand, all the sipes 80 are slanted respective
to the circumferential direction in a discordant manner relative to the main
transverse grooves. In particular, in a central region 10, the sipes 80 are all parallel
to the first portion 62 of the secondary transverse grooves 60 and thus are slanted
relative to the circumferential direction by an angle equal to about 75°.

The set of blocks and of transverse and circumferential grooves defines the tread
pattern of the tyre.

This pattern is formed by the repetition in succession along the circumferential
formation of the tread band 2 of a module M, which for reasons of clarity is shown
only in figure 3, but which is also easily identifiable even on the tread band of figure
2.

The module M comprises, at the internal and external shoulder regions 7 and 9, a
single block extending along the circumferential direction.

In the embodiment described herein, the circumferential dimension of the module
M, i.e. its pitch, can assume three values, and modules with different pitches are
variously combined along the circumferential extent of the tread band 2.

In figure 3 is illustrated a second embodiment of the tyre, generally indicated with
100, made in accordance with this invention.

The tyre 100 has a width of the nominal section that is less than tyre 1, for
example about 245 mm with a diameter of 20 inches.

This feature leads to a general reduction in the widths of the shoulder regions 7 and
9, of the central region 10, as well as of the first circumferential groove 20 (which

becomes a secondary circumferential groove) and of the second circumferential
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groove 21.

Moreover, in each first main transverse groove 30 is defined a third portion 36
extending from the second portion 34 towards the second end 32. This third portion
36 is slanted respective to the circumferential direction by a fifth angle E of about
15°,

In this second embodiment, the first portion 62 of the secondary transverse
grooves 60 intersects the first main transverse grooves 30 in correspondence with
the third portion 36.

The remaining characteristics of the tyre 100 are completely analogous to those of

tyre 1 described in the previous embodiment.

EXAMPLE

The Applicant has compared a tyre made according to the invention, according to
the first preferred embodiment described above referring to figures 1 and 2
(“invention”) with a similarly sized tyre made substantially according to patent EP
2095976, in the name of the same Applicant (*comparison”).

The Applicant has therefore carried out a series of tests according to recognized
international standards on different driving surfaces in order to measure some
characteristic parameters.

The test results are summarized in the following table 1, in which the values of the
parameters are expressed in percentages by setting the values related to the

comparison tyre equal to 100.

Table 1

Comparison Invention

Traction on snowy ground 100 104




10

15

20

WO 2019/030664 PCT/IB2018/055933

28
Sudden change of direction on dry 100 105
ground (change lane)
Behaviour on snowy ground 100 105
Behaviour on wet surfaces 100 104

The tests have therefore shown that the tyre in the invention presents a substantial
and relevant improvement in traction, in sudden change of direction and in road
behaviour, in general on any type of road surface.

This improved road behaviour should be attributed, at least in a large part, to the
features which are the subject matter of the present invention and is reflected in
the examination of figures 4 and 5 wherein the respective footprint areas of the
tyre in the invention and for the comparison tyre are illustrated.

In fact, it is shown in the footprint area of the tyre in the invention that the slant of
the main transverse groove is counterbalanced by the opposite slant of the grooves
of the sipes and of secondary transverse grooves, less broad but much more
numerous.

Moreover, in the footprint area of the tyre in the invention there is a larger number
of first main grooves, which, having a more axial orientation, improves the
performance during traction.

The Applicant also compared the two tyres in an anechoic chamber, in order to
measure their performance in terms of noise. In the test the tyres were mounted
on a high-performance car and the noise was measured according to speed with a
microphone placed inside the car and two microphones placed outside the same in
different positions.

The test results showed that the tyre in the invention presents a substantial noise

reduction, at each speed measured both inside and outside the vehicle. In
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particular, at speeds of 150 km/h, 130 km/h, 100 km/h and 70 km/h, the noise
inside the vehicle is reduced by a value ranging from 3 to 5 decibels and outside

the vehicle by a value ranging from 2 to 4 decibels.
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CLAIMS

. Tyre for vehicle wheels, comprising a tread band (2), on which there are

defined:

— a pair of axially opposite shoulder regions (7, 9);

— a central region (10) interposed between said shoulder regions,
wherein, in each of said shoulder regions and said central region, are
provided:

— a plurality of main transverse grooves (30, 40, 50) slanted relative to

a circumferential direction defined on said tread band,

— a plurality of blocks (70) in which a plurality of sipes (80) are formed,
wherein, in said central region, all said main transverse grooves (30, 40) are
slanted relative to a circumferential direction in a concordant manner to one
another and all said sipes (80) are slanted in a concordant manner to one
another and in a discordant manner with respect to said main transverse

grooves.

. Tyre according to claim 1, wherein, all said main transverse grooves (50)

provided in at least one of said shoulder regions (9) are slanted relative to a
circumferential direction in a concordant manner to said main transverse

grooves (30, 40) provided in said central region.

. Tyre according to claim 1 or 2, wherein, sipes (80) are provided in all the

blocks (70) of the said shoulder regions and the said central region.

. Tyre according to any one of the preceding claims, wherein, in said central

region, all said sipes (80) are parallel to one another.

. Tyre according to any one of the preceding claims, wherein, in said central

region (10), said sipes (80) are slanted relative to said circumferential

direction by an angle of between 65° and 85°.

. Tyre according to any one of the preceding claims, wherein a plurality of first
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main transverse grooves (30) are provided in one of said shoulder regions
(7) and in said central region (10), each of which grooves comprises:

— a first portion (33) extending from said shoulder region (7) towards an
equatorial plane (X) of said tyre, which first portion is slanted relative
to said circumferential direction by a first angle (A) and

— a second portion (34) extending into said central region (10) towards
said equatorial plane as a continuation of said first portion (33) which
second portion is slanted relative to said circumferential direction by a
second angle (B), that is smaller than said first angle (A).

7. Tyre according to claims 6, wherein said first main transverse grooves (30)
comprise a first, axially external, end (31), which is open to a lateral edge
(8a) of said tread band.

8. Tyre according to claim 6 or 7, wherein said first main transverse grooves
(30) comprise a second, axially internal, blind end (32).

9. Tyre according to any one of claims 6 to 8, wherein said second portion (34)
of said first main transverse grooves (30) has a width that decreases from
said first portion as far as an axially internal end (32) of said first main
transverse grooves.

10. Tyre according to any one of claims 6 to 9, wherein said shoulder region (7)
is separated from said central region (10) by a circumferential groove (20)
that intersects said first main transverse grooves (30).

11. Tyre according to any one of the preceding claims, wherein a plurality of
secondary transverse grooves (60), which are all slanted in a concordant
manner to one another and in a discordant manner with respect to said main
transverse grooves, are provided in said central region (10).

12.Tyre according to claim 11, wherein said secondary transverse grooves (60)

intersect said first main transverse grooves (30).
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13. Tyre according to any one of claims 11 to 12, wherein each of said
secondary transverse grooves (60) comprises:

— a first portion (62) that extends towards one of said shoulder regions
and is slanted relative to said circumferential direction by a third angle
(C) and

— a second portion (63) that extends from said first portion (62) towards
said shoulder region and is slanted relative to said circumferential
direction by a fourth angle (D) that is smaller than said third angle
(C).

14. Tyre according to any one of claims 6 to 13, wherein said equatorial plane
(X) divides said tread band into an inner region (6), intended to face the
vehicle when said tyre is fitted to said vehicle, and an outer region (5), which
is different from said inner region and is intended to face the side opposite
the vehicle when said tyre is fitted to said vehicle, thus defining an
asymmetrical tyre, said first main transverse grooves (30) extending within
said inner region (6) of said tread band.

15.Tyre according to any one of claims 13 to 14, wherein said third angle (C)
and said first angle (A) differ, in absolute value, by less than 15°.

16.Tyre according to any one of claims 13 to 15, wherein said fourth angle (D)
and said second angle (B) differ, in absolute value, by less than 15°.

17.Tyre according to any one of claims 13 to 16, wherein each of said secondary
transverse grooves (60) comprises a third portion (64), which extends from
said second portion (30), on the side opposite said second portion (63) of
said secondary transverse groove (60).

18.Tyre according to claim 17, wherein the said third portion (64) of said
secondary transverse grooves (60) is substantially parallel to said second

portion (63) of said secondary transverse grooves (60).
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19.Tyre according to any one of claims 17 to 18, wherein there are identified:

— a first group of secondary transverse grooves (60), comprising at most
20% of all of said secondary transverse grooves provided in said tread
band, wherein, in each secondary transverse groove, said third portion
(64) is substantially aligned with said second portion (63), and

— a second group of second secondary transverse grooves (60), which is
complementary to said first group and comprises at most 95% of all of
said secondary transverse grooves provided in said tread band,
wherein, in each secondary transverse groove, said third portion (64)

is not aligned with said second portion (63).

20. Tyre according to any one of claims 17 to 19, wherein each of said third

portions (64) of said secondary transverse grooves comprises a first end
(65), from which said third portion (64) extends from said second portion
(34) of said first main transverse groove (30), and wherein said first ends
(65) of said third portions (64) of said secondary transverse grooves are

substantially aligned in said circumferential direction.

21. Tyre according to any one of claims 13 to 20, wherein each of said

secondary transverse grooves (60) comprises a first axially internal end (61)
from which said first portion (62) of said secondary transverse groove
extends towards said shoulder region, and identifies a corresponding first
main transverse groove (30) in which said second portion (63) of said
secondary transverse groove (60) ends, wherein said first end (61) of each
of said secondary transverse grooves and a first axially external end (31) of
said corresponding first transverse groove (30) are substantially aligned in
an axial direction of said tyre, or, at most, are offset by an amount of less

than 20 mm.

22.Tyre according to any one of the preceding claims, wherein on said tread
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band are defined:
- a tread pattern defined by the configuration of grooves and blocks
provided in said tread band, and
— a module (M) of said tread pattern, which is formed by the smallest
5 tread band portion, the configuration of which is repeated successively
along the circumferential extent of the tread band so as to form said
tread pattern,
and wherein said module, in said shoulder regions (7, 9), comprises a single
block (70) extending in said circumferential direction.
10 23.Tyre according to any one of the preceding claims, wherein three
circumferential grooves (21, 22, 23) that delimit a pair of circumferential ribs
(11, 12) are provided on said central region (10), second main transverse

grooves (40) being provided in each of said circumferential ribs.
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