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without negatively affecting the wear resistance of the tread band.

(57) Abstract: A tire having (i) an asymmetric tread profile with a shoulder drop difference of from 0.3 to 0.9; and (ii) an asym-
metric tread pattern so as to have a ratio between the inner void/solid ratio and the outer void/solid ratio of from 1.1 to 1.50. By
the above combination of features, handling and aquaplaning performance is remarkably improved even at high operating speeds
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PNEUMATIC TIRE HAVING AN ASYMMETRIC TREAD PROFILE

The present invention relates to a pneumatic tire, particularly to a
high or ultra high performance pneumatic tire, having an asymmetric
tread profile.

A pneumatic tire generally comprises: a torodial carcass structure
comprising at least one carcass ply; a tread band in a position radially
external to the carcass structure; a belt structure interposed between
the carcass structure and the tread band; a pair of sidewalls applied to
the carcass structure in axially opposite positions. The ends of the at
least one carcass ply are associated to respective annular reinforcing
elements so as to form tire beads, which secure the tire to a wheel rim.

Generally, a tire has a symmetric tread profile, i.e. the tread profile,
considered in a cross-section lying on a tire radial plane, has a
symmetric shape with respect to the equatorial plane of the tire. To
improve performance of tires to be used In high-powered cars,
particularly during cornering at high speeds, asymmetric tread profiles
have been proposed in the art.

For instance, EP 0 755 808 B1 discloses a pneumatic tire comprising
a carcass extending around the tire from bead to bead, sidewalls and a
rubber tread region which has a profile when considered in transverse
cross section of a new tire terminating the sides of the tread in inner
and outer shoulder regions respectively, each said shoulder region
having a shoulder drop, which is the distance in the radially inward
direction from the point of maximum tire diameter to a shoulder point at
the edge of the shoulder region, characterized in that when the tire is
mounted on a scheduled wheel rim and inflated to a scheduled
pressure, the tread region is asymmetric having its said point of
maximum tire diameter offset in the axial direction of the tire from the
center line of the tire section in the direction of the inner shoulder, and
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the shoulder drop of the outer shoulder is greater than the shoulder
drop of the inner shoulder such that the tread region has an
asymmetrical profile.

EP O 820 884 B1 discloses a pneumatic radial tire comprising a
carcass extending around the tire from bead to bead, sidewalls and a
rubber tread region which has a profile when considered in transverse
cross section of a new tire terminating at the sides of the tread in inner
and outer shoulder regions respectively, each said shoulder region
having a shoulder drop, which is the distance in the radially inward
direction from the point of maximum tire diameter to a shoulder point at
the edge of the shoulder region, such that when the tire is mounted on a
scheduled wheel rim and inflated to a scheduled pressure, the tread
region is asymmetric having its said point of maximum tire diameter
offset in the axial direction of the tire from the center line of the tire
section in the direction of the inner shoulder, and the shoulder drop of
the outer shoulder is greater than the shoulder drop of the inner
shoulder such that the tread region has an asymmetrical profile,
characterized by the tread region having substantially constant tread
gauge or thickness except at the inner shoulder which has a locally
reduced tread gauge or thickness so that the inner shoulder profile is
trimmed.

US 2003/0121582 A1 discloses a pneumatic radial tire having a tire
meridian cross-sectional configuration of a tread surface portion on at
least one side of the tire center line which is arranged such that, when a
position A is an intersection of the tire center line and the tread surface,
and when a position B is an intersection of a straight line P drawn
orthogonal to the tire axis from an edge of an innermost belt layer and
the tread surface, an angle a between a straight line X connecting the
positions A and B and a straight line Y drawn perpendicular to the tire
center line from the position A is set in a range of 8 to 10 degrees, when
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the pneumatic radial tire is attached to a standard rim specified in
JATMA with its air pressure being 180 kPa and with no load applied
thereto.
In accordance with the present invention the following definitions are
5 given;

o "equatorial plane” EP is the plane perpendicular to the tire
rotational axis and containing the axial centerline of the tire;

. "camber angle" is the smallest angle defined, for a tire mounted
on a vehicle rim, by rotating the equatorial plane of tire until

10 overlapping the plane perpendicular to the ground and passing
through the tire center; the camber angle is said to be "negative”
when the upper portion of the tire mounted on the rim is inclined
inwardly (i.e. toward the vehicle);

o rim width" RW is the smallest internal distance, measured

15 parallelly to the rim rotational axis, between the portions (flanges)
of the rim on which the tire is mounted;

. "shoulder drop" SD is the difference between the length of the
maximum tire radius Rmax and the length of the tire radius at a
distance, from the tire equatorial plane, corresponding to 40% of

20 the rim width R;, and R,y any tire radius is measured from the
radially outward tread profile perpendicularly to the tire rotational
axis, on the tire mounted on the corresponding rim, inflated at the
nominal inflation pressure and not subjected to any load;

o "Inner tread portion" is the portion of the tread extending from the

25 equatorial plane to the tire shoulder positioned inwardly with
respect to the vehicle when the tire is mounted on the vehicle rim;

. "outer tread portion" is the portion of the tread extending from the
equatorial plane to the tire shoulder positioned outwardly with
respect to the vehicle when the tire is mounted on the vehicle rim;

30 e "Inner shoulder drop" SD;, is the shoulder drop of the inner tread
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"outer shoulder drop” SD,,: is the shoulder drop of the outer tread
portion;
"shoulder drop difference” ASD is the difference between the
outer shoulder drop and the inner shoulder drop:

ASD = SDg,t — SDi,
ASD is zero for a symmetrical tread profile and is different from
zero for an asymmetrical tread profile;
"void/solid ratio" V/S is the ratio between the free volume in the
tread band (i.e. the volume of grooves, sipes and other carvings
forming the tread pattern) and the volume occupied by the rubber
material in the tread band, namely:

V /S — Vvoid — Vvoid
V V, . -V

rubber void

read

wherein: V,iq IS the void volume in the tread band occupied by the
tread pattern carvings (grooves, sipes, notches and the like);
Viber IS the volume in the tread band occupied by the rubber
material; and Vueaq IS the total volume of the tread band (the
volumes are calculated with respect to the lower surface of the
tread band in contact with the underlying belts and the upper
surface of the tread band obtained by connecting the tread pattern
protrusions coming into contact with the ground - blocks, ribs and
the like - to form a slick surface, i.e. without taking into account
the tread pattern carvings); the void/solid ratio can be determined
for the whole tread band or for a portion thereof.

"inner void/solid ratio" (V/S)i, is the ratio between the free volume
in the inner tread portion (i.e. the volume of grooves, sipes and
other carvings forming the inner tread pattern) and the volume
occupied by the rubber material in the inner tread portion;

"outer void/solid ratio” (V/S).ut is the ratio between the free volume
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in the outer tread portion (i.e. the volume of grooves, sipes and
other carvings forming the inner tread pattern) and the volume
occupied by the rubber material in the outer tread portion.

The Applicant has felt the need of increasing the performance of high
performance (HP) and ultra high performance (UHP) tires, these tires
being designed for high-powered cars. In particular, the Applicant has
felt the need of improving the performance of such tires both in terms of
handling and in terms of aquaplaning, especially aquaplaning along
bends. This performance should be improved at relatively low speeds
(i.,e. not higher than 150 km/h) and substantially maintained at relatively
high speeds (i.e. higher than 150 km/h) and/or in extreme driving
conditions, which are often reached when high-powered cars are tested
or used.

Moreover, the Applicant has noticed that usually high-powered cars
require tires with a camber angle different from zero, usually a negative
camber angle, so as to improve their performance during bending at
high speeds. However, a camber angle different from zero (e.g. from -
4.5° to +4.5°) may cause an uneven wear of the tread band, especially
when running at relatively low speeds on a straight road.

The Applicant has found that handling and aquaplaning performance
IS remarkably improved even at high operating speeds without
negatively affecting the wear resistance of the tread band, by providing
the tire with a combination of an asymmetric tread profile having a
shoulder drop difference (ASD) of from 0.3 to 0.9; and an asymmetric
tread pattern so as to have a ratio between the inner void/solid ratio
(V/S)in and the outer void/solid ratio (V/S),t of from 1.1 to 1.50.

Therefore, according to a first aspect, the present invention relates to
a pneumatic tire comprising: a toroidal carcass structure comprising at
least one carcass ply, said carcass structure comprising a crown portion
and two axially opposite side portions, each associated to a respective
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bead structure for mounting the tire on a rim; a tread band in a position
radially external to the carcass structure; a belt structure interposed
between the carcass structure and the tread band; a pair of sidewalls
applied to the carcass structure in axially opposite positions;

wherein said tire has an equatorial plane which divides the tread
band into an inner tread portion and an outer tread portion, the inner
tread portion being positioned inwardly and the outer tread portion
being positioned outwardly when the tire is mounted on the rim;

wherein the inner tread portion has an inner shoulder drop SD;, and
the outer tread portion has an outer shoulder drop SD..t, each shoulder
drop being measured as the difference between the length of the
maximum tire radius Rnax and the length of the tire radius at a distance,
from the tire equatorial plane, corresponding to 40% of the rim width;

wherein the inner tread portion has an inner void/solid ratio (V/S)i,
and the outer tread portion has an outer void/solid ratio (V/S). different
from the inner void/solid ratio (V/S)in;

wherein said tire has:

(i) an asymmetric tread profile so as to have a shoulder drop
difference ASD, calculated as the difference between the outer shoulder
drop and the inner shoulder drop, of from 0.30 mm to 1.30 mm; and

(i) an asymmetric tread pattern so as to have a ratio between the
inner void/solid ratio (V/S)i» and the outer void/solid ratio (V/S)out of from
1.10 to 1.50.

Further features and advantages will become more apparent from
the detailed description of preferred but non-exclusive embodiments of
a tire in accordance with the present invention. The present description
should be taken with reference to the sole accompanying drawing,
given as specific, non limiting example of the present invention.

In the drawing:

-  Figure 1 schematically shows a cross-section of a tire
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according to the present invention with an asymmetric tread
profile.

With reference to Figure 1, a tire 1 according to the present invention
conventionally comprises a torodial carcass structure 2, which
comprises a crown portion and two axially opposite side portions, each
associated to a respective bead structure for mounting the tire on a rim.
Each bead structure usually comprises a bead wire 4 and a bead filler 3
and is associated to the carcass structure by folding back the opposite
lateral edges of the carcass ply 2 around the bead wires so as to form
the so-called carcass back-folds as shown in Fig. 1.

Alternative bead structures are shown, for instance, in European
patent applications EP 0 928 680 and EP 0 928 702, where each bead
structure is formed by at least two annular inserts formed from metal
cords arranged in concentric coils, and the carcass ply iIs not back-
folded around said annular inserts.

A tread band 5 is circumferentially applied in a position radially
external to the crown portion of the carcass structure 2.

The tire 1 further comprises a belt structure interposed between the
carcass structure and the tread band. Usually the belt structure
comprises two belt layers 61, 62 which incorporate a plurality of
reinforcing cords (not shown), typically metal cords, which are parallel
to each other in each layer and crossed with respect to the adjacent
layer in opposite directions, so as to form a predetermined angle
relative to the equatorial plane. Usually, on the radially outermost belt
layer at least one zero-degree reinforcing layer 63 is applied, which
generally incorporates a plurality of reinforcing cords (not shown),
typically textile cords, arranged at an angle of a few degrees relative to
the equatorial plane EP. The inner structure of the tire according to the
iInvention, comprising said carcass structure and said belt structure, is
symmetric with respect to the equatorial plane EP.
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Sidewalls 7 are also applied externally onto each axially opposite
side portion of the carcass structure, each of these sidewalls extending
from the respective bead structure to the edge of the tread band 5.

Preferably, the tire 1 according to the invention is of the type with a
markedly flattened section. Preferably, the tire of the invention has a
H/C ratio, of the height of the right cross-section to the maximum width
of the section, ranging between 0.20 and 0,80. Preferably, the tire of the
present invention is a tire having very low cross-section, e.g. with a ratio
H/C of between 0.20 and 0.65, preferably from 0.25 to 0.45.

For the sake of clarity, in Fig. 1 the shoulder drops SD;j, , SDoyt for the
inner tread portion and the outer tread portion have been shown
enlarged (not in scale). According to the present invention, the shoulder
drop difference ASD is from 0.30 mm to 1.30 mm, preferably from 0.40
mm to 1.20 mm, even more preferably from 0.60 mm to 1.10 mm.

As already stated hereinabove, the shoulder drops SDi, , SDoyt for
the inner tread portion and the outer tread portion are determined on a
tire mounted on a rim having a rim width as prescribed by the tire
manufacturer, inflated at nominal inflation pressure and not subject to
any load. A laser beam profile measurement device may be used to
determine the shoulder drops SD;, and SD,,, €.g. those produced by
Dr. Noll GmbH (Germany) or by Bytewise Measurement Systems Corp.
(USA). According to the invention, the maximum tire radius length is a
length of tire radius measured at the equatorial plane.

Preferably, shoulder drops are measured in a static condition,
namely when the tire is not rotating. As an alternative, shoulder drops
could be measured at a rotation speed lower than about 50 Km/h.

The tire according to the present invention has an asymmetric tread
pattern so as to have a ratio between the inner void/solid ratio (V/S)i,
and the outer void/solid ratio (V/S)o of from 1.10 to 1.50, preferably
from 1.20 to 1.45, even more preferably from 1.30 to 1.40.
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According to a preferred embodiment, the inner void/solid ratio (V/S);n
is of from 0.30 to 0.60, preferably from 0.35 to 0.55, even more
preferably from 0.38 to 0.45.

According to a preferred embodiment, the outer void/solid ratio
(V/S)out IS Of from 0.15 to 0.45, preferably from 0.20 to 0.40, even more
preferably from 0.25 to 0.35.

For further description of the invention, an illustrative example is
given below.

Tires (tires A) according to the present invention were manufactured.
In particular, two first tires A having a size of 225/40 ZR 18, were
mounted on two respective 8JX18 rims and inflated at 2.3 bar. Two
second tires A having a size of 265/35 ZR 18 were mounted on
respective 9JX18 rims and inflated at 2.7 bar. Four tires (tires B), having
the same size, the same structure and the same tread pattern of
respective tires A, were manufactured. The two tires B having a size of
225/40 ZR 18, were mounted on two respective 8JX18 rims and inflated
at 2.3 bar. The two tires B having a size of 265/35 ZR 18 were mounted
on respective 9JX18 rims and inflated at 2.7 bar.

Tires A and tires B had the same asymmetric tread pattern having
the following features:

inner void/solid ratio (V/S)i, = 0.409
outer void/solid ratio (V/S)out = 0.303
(VIS)in/(VIS)out = 1.35
The only difference was that tire A (invention) had an asymmetric

tread profile, with a shoulder drop difference ASD = 0.70, whilst tire B
(comparative) had a symmetric profile (ASD = 0).

A car Porsche 996 was first equipped with the above described four
tires A, than it was equipped with the above described four tires B and
used for testing aquaplaning and handling performance. The two tires
having a size of 225/40 ZR 18 were mounted on the front axle. The two
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- 10 -

tires having a size of 265/35 ZR 18 were mounted on the rear axle.

The aquaplaning test around bends was carried out at a substantially
constant speed along a road track with smooth and dry asphalt, having
a bend with a constant radius (100 m) and with a final section flooded
with a layer of water. The test was repeated at different speed values
and for each test lateral acceleration was measured when running on
the wet section by an accelerometer mounted on the car.

By comparing the curves lateral acceleration v. speed so obtained it
was found that:

- the maximum lateral acceleration is substantially the same for the

two cars;

- the speed at a substantially null lateral acceleration is about 6.6%
higher for the car equipped with tires A than for the car equipped
with tires B;

- the integral of the curve (which is a measurement of the vehicle
controllability during bending) is about 7.4% higher for the car
equipped with tires A than for the car equipped with tires B.

For the handling test, the following characteristics were evaluated: i)
steering promptness, ii) steering pull, and iii) maximum thrust along a
bend. The tests were carried out with the same car as described above
on a testing track. Table 1 sums up the test drivers score sheet for
handling. The results of said tests are expressed as a score on an
evaluation scale ranging from 0 to 10 representing the subjective
opinion expressed by the test driver. The values reproduced in the
following table represent a mean value between those obtained in
several test sessions and given by different test drivers.

The steering promptness is indicative of the ability of a vehicle to
recover its straight direction when the vehicle steering is subject to
small rotations in the right and left directions.

The steering pull is indicative of the attitude of a vehicle to deviate
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from the straight direction, such an attitude being evaluated at a
constant speed. The heading “steering pull®, for the purposes of the
present invention, further comprises “torque steer” which is indicative of
the attitude of a vehicle to deviate from the straight direction, such an
5 attitude being evaluated whilst the venhicle is accelerating.

The maximum lateral force along a bend is indicative of the amount
of power which could be exercised by a vehicle which is driving along a
bend. In turn, it depends on the area of the contact patch of the tires
which are more loaded when the vehicle is driving along a bend.

Table 1
Car with tires A Car with tires B
Speed 80 160 220 80 160 220
[Km/h] | [Km/h] | [Km/h] | [Km/h] | [Km/h] | [Km/h]
Promptness 7.5 7.5 7.5 7.25 7.0 6.0
Pull 7.5 7.25 7.25 7.0 7.0 6.25
Lateral force| 7.5 7.5 7.5 7.25 7.0 6.5
10 An analysis of the above results indicates that handling performance

of a vehicle equipped with tires according to the present invention is
improved at low speeds (80 Km/h) and that such an improvement is
maintained even at high and very high speeds (160 and 220 Km/h).
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Claims

1. A pneumatic tire comprising: a toroidal carcass structure
comprising at least one carcass ply, said carcass structure
S comprising a crown portion and two axially opposite side portions,
each associated to a respective bead structure for mounting the
tire on a rim; a tread band in a position radially external to the
carcass structure; a belt structure interposed between the carcass
structure and the tread band; a pair of sidewalls applied to the
10 carcass structure in axially opposite positions;
wherein said tire has an equatorial plane which divides said tread
band into an inner tread portion and an outer tread portion, said
inner tread portion being positioned inwardly and said outer tread
portion being positioned outwardly when the tire iIs mounted on
15 said rim;
wherein said inner tread portion has an inner shoulder drop and
said outer tread portion has an outer shoulder drop,
wherein said inner shoulder drop is measured as a difference
between a maximum tire radius length and a length of tire radius
20 in said inner tread portion at a distance, from said tire equatorial
plane, corresponding to 40% of a rim width;
wherein said outer shoulder drop is measured as a difference
between a maximum tire radius length and a length of tire radius
in said outer tread portion at a distance, from said tire equatorial
25 plane, corresponding to 40% of said rim width;
wherein said inner tread portion has an inner void/solid ratio and
said outer tread portion has an outer void/solid ratio different from
said inner void/solid ratio;
wherein said tire has:
30 (i) an asymmetric tread profile so as to have a shoulder drop
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difference, calculated as a difference between said outer shoulder
drop and said inner shoulder drop, of from 0.30 mm to 1.30 mm;
and

(i) an asymmetric tread pattern so as to have a ratio between said
inner void/solid ratio and said outer void/solid ratio of from 1.10 to
1.50.

The tire according to claim 1, wherein said shoulder drop
difference is of from 0.40 mm to 1.20 mm

The tire according to claim 1, wherein said shoulder drop
difference is of from 0.60 mm to 1.10 mm.

The tire according to claim 1, 2 or 3, wherein said ratio between
said inner void/solid ratio and said outer void/solid ratio is of from
1.20 to 1.45.

The tire according to claim 1, 2 or 3, wherein said ratio between
said inner void/solid ratio and said outer void/solid ratio is of from
1.30 to 1.40.

The tire according to any of preceding claims, wherein said inner
void/solid ratio is of from 0.30 to 0.60.

The tire according to any of claims 1 to 5, wherein said inner
void/solid ratio is of from 0.35 to 0.55.

The tire according to any of claims 1 to 5, wherein said inner
void/solid ratio is of from 0.38 to 0.45.

The tire according to any of preceding claims, wherein said outer
void/solid ratio is of from 0.15 to 0.45.

The tire according to any of claims 1 to 8, wherein said outer
void/solid ratio is of from 0.20 to 0.40.

The tire according to any of claims 1 to 8, wherein said outer
void/solid ratio is of from 0.25 to 0.35.

The tire according to any of preceding claims, wherein said
toroidal carcass structure i1s simmetric with respect to said
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equatorial plane.

The tire according to any of preceding claims, wherein said
maximum tire radius length is a length of tire radius measured at
said equatorial plane.

The tire according to any of preceding claims, wherein a ratio

between a height of tire right cross-section and a maximum width
of the tire is from 0.20 to 0.80.
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