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Description

Title of Invention: A TIRE HAVING RECESSES IN BEAD AREA
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[0008]

[0009]

Technical Field

The present invention relates to a tire, in particular to a tire for improving noise per-
formance while maintaining handling performance.
Background Art

In recent years, premiumisation and quality improvement of vehicles lead, from the
view point of occupant’s comfort and environmental considerations, desire to various
noise reductions.

It is known that the noise from the tires includes various components, that is a
component from external noise and a component from internal noise. The internal
noise includes a vibration due to excitation of a tread portion during rolling, the
vibration is transmitted to a wheel rim, an axis, a suspension and a body of the vehicle
then heard in an interior of the vehicle as noise.

In order to improve such the noise, it is known that improvement of an interface
between a bead region of a tire and a wheel rim is effective. Various solutions have
been proposed to improve such the noise.

US2010/0269970A discloses a tire comprising at least one circumferentially
continuous groove in a ledge region of a bead portion and at least one circumferentially
continuous groove in a flange region of the bead portion for improving contact at a tire
and a rim interface of a tire.

WOO01/043993A1 discloses a tire comprising a plurality of cavities extending along a
bead surface of a pair of bead regions in contact with a wheel rim during normal
inflated operation for improving an interface between a bead region of a tire and a
wheel rim interface for maintaining bead seating at very low inflation pressure.

JPS62-299411 discloses a tire comprising a plurality of projections in a region in
contact with a rim flange within a bead portion for improving productivity of the tire
and an interface between the bead portion and the rim flange.

JPH11-147408 discloses a tire provided with a vibration absorbing rubber at a
portion in a bead region in contact with bead flange in an offset manner for improving

road noise performance.
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PTL 4: JPH11-147408
[0010] However with the solutions disclosed in these documents, noise performance im-

provement is limited when considering maintenance of handling performance, or
handling performance is degraded even with a little improvement on noise per-
formance.

[0011]  Therefore, there is a need for a tire which provides improvement on noise per-
formance while maintaining handling performance.

[0012] Definitions:

[0013] A “radial direction/orientation” is a direction/orientation perpendicular to axis of
rotation of the tire. This direction/orientation corresponds to thickness orientation of
the tread.

[0014] An “axial direction/orientation” is a direction/orientation parallel to axis of rotation
of the tire.

[0015] A “circumferential direction/orientation” is a direction/orientation which is tangential
to any circle centered on axis of rotation. This direction/orientation is perpendicular to
both the axial direction/orientation and the radial direction/orientation.

[0016] A “tire” means all types of elastic tire whether or not subjected to an internal
pressure.

[0017] A “tread” of a tire means a quantity of rubber material bounded by lateral surfaces
and by two main surfaces one of which is intended to come into contact with ground
when the tire is rolling.

[0018] A “groove” is a space between two rubber faces/sidewalls which do not contact
between themselves under usual rolling condition connected by another rubber face/
bottom. A groove has a width and a depth.

[0019]  Itis thus an object of the invention to provide improvement on noise performance
while maintaining handling performance.

Summary of Invention

[0020]  The present invention provides a tire comprising a pair of bead regions comprising
an annular reinforcing structure and at least one carcass reinforcement which is
anchored in the pair of bead regions, a protector portion positioned axially outward and
radially inward from the annular reinforcing structure, the protector portion comprising
a protector surface intended to come into contact at least partly with a rim flange and/
or arim sheet of a wheel rim, the protector portion being provided with at least 2
recessed portions recessed from the protector surface toward interior of the tire with a
depth D, the at least 2 recessed portions having a minimum distance T between one
another, Young’s modulus E of a rubber composition constituting the protector portion

is in a range from 1.5 to 6.0 MPa.
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[0022]
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[0028]

[0029]

This arrangement provides improvement on noise performance while maintaining
handling performance.

Since the protector portion being provided with at least 2 recessed portions recessed
from the protector surface toward interior of the tire and Young’s modulus E of a
rubber composition constituting the protector portion is in a range from 1.5 to 6.0 MPa,
the protector portion provided with relatively soft rubber composition combined with
the at least 2 recessed portions has compressibility which makes it possible to reduce
effort transfer from the tire to the wheel rim. Therefore it is possible to improve noise
performance.

If Young’s modulus E of the rubber composition constituting the protector portion is
less than 1.5 MPa, there is a risk that both noise and handling performance would be
degraded as the protector portion becomes too soft leading too much deformation in
the recessed portion. If Young’s modulus E of the rubber composition constituting the
protector portion is more than 6.0 MPa, there is a risk that noise performance cannot be
improved due to incompressibility of the rubber composition makes the protector
portion appear stiff. By setting Young’s modulus E of the rubber composition con-
stituting the protector portion in the range from 1.5 to 6.0 MPa, the protector portion
can effectively reduce transfer of the effort from the tire to the wheel rim while
maintaining sufficient effort transfer for handling performance.

This Young’s modulus E of the rubber composition constituting the protector portion
is preferably in the range from 1.5 to 5.0 MPa, more preferably in the range from 1.5 to
4.0 MPa.

Since the at least 2 recessed portions having a minimum distance T between one
another, it is possible to prevent excessive deformation of the protector portion.
Therefore it is possible to maintain handling performance while improving noise per-
formance by reducing effort transfer from the tire to the wheel rim thanks to the at least
2 recessed portions provided with relatively softer rubber composition.

In another preferred embodiment, the at least 2 recessed portions are at least 2
grooves extending in circumferential orientation.

According to this arrangement, it is possible to manufacture efficiently the at least 2
recessed portions, thus productivity of the tire provided with at least 2 recessed
portions can be improved.

In another preferred embodiment, each the at least 2 recessed portions have circular,
triangular, rectangular, polygonal or combination of these shapes on the protector
surface.

According to this arrangement, it is possible to maintain a shape of the recessed
portions when tire being mounted onto the wheel rim for the recessed portions act for

reducing effort transfer from the tire to the wheel rim while preventing too much de-
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[0031]

[0032]
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[0035]

formation, thus noise performance is improved while maintaining handling per-
formance.

In another preferred embodiment, the at least 2 recessed portions are combination of
at least 2 grooves extending in circumferential orientation and recesses having circular,
triangular, rectangular, polygonal or combination of these shapes on the protector
surface.

According to this arrangement, it is possible to improve design freedom for placing
the at least 2 recessed portions onto the protector portion.

In another preferred embodiment, the depth D of the at least 2 recessed portions is in
a range from 40 to 80% of a shortest distance from the protector surface to the axially
outermost carcass reinforcement at a position where the plurality of recessed portions
being located.

If the depth D of the at least 2 recessed portions is less than 40% of the shortest
distance from the protector surface to the axially outermost carcass reinforcement at
the position where the plurality of recessed portions being located, there is a risk that
the compressibility of the protector portion due to the recessed portions would become
insufficient for reducing effort transfer from the tire to the wheel rim. If the depth D of
the at least 2 recessed portions is more than 80% of the shortest distance from the
protector surface to the axially outermost carcass reinforcement at the position where
the plurality of recessed portions being located, there is a risk of endurance per-
formance degradation due to too much movement of a part of the protector portion
without the recessed portions which may initiate cracking at an inner part of the
recessed portions. By setting this depth D of the at least 2 recessed portions is in a
range from 40 to 80% of a shortest distance from the protector surface to the axially
outermost carcass reinforcement at a position where the plurality of recessed portions
being located, it is possible to effectively improve noise performance while
maintaining handling performance.

In another preferred embodiment, a void ratio on the protector surface due to the at
least 2 recessed portions is in a range from 35 to 65%.

If the void ratio on the protector surface due to the at least 2 recessed portions is less
than 35%, there is a risk that compressibility of the protector portion due to the
recessed portions would become insufficient for reducing effort transfer from the tire
to the wheel rim. If the void ratio on the protector surface due to the at least 2 recessed
portions is more than 65%, there is a risk that the protector portion becomes too soft
which leads degradation of handling performance. By setting this void ratio on the
protector surface due to the at least 2 recessed portions is in a range from 35 to 65%, it
is possible to effectively improve noise performance while maintaining handling per-

formance.
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In another preferred embodiment, an aspect ratio defined as a ratio between the depth
D of the at least 2 recessed portions and the minimum distance T between each the at

least 2 recessed portions (D/T) is in a range from 2/3 to 4/3.
If the aspect ratio defined as the ratio between the depth D of the at least 2 recessed

portions and the minimum distance T between each the at least 2 recessed portions
(D/T) is less than 2/3, there is a risk that compressibility of the protector portion
provided by the recessed portions and relatively softer rubber composition becomes in-
sufficient for reducing effort transfer from the tire to the wheel rim leading insufficient
improvement on noise performance. If the aspect ratio defined as the ratio between the
depth D of the at least 2 recessed portions and the minimum distance T between each
the at least 2 recessed portions (D/T) is more than 4/3, there is a risk that com-
pressibility of the protector portion becomes too much leading degradation of handling
performance. By setting this aspect ratio defined as the ratio between the depth D of
the at least 2 recessed portions and the minimum distance T between each the at least 2
recessed portions (D/T) is in a range from 2/3 to 4/3, it is possible to effectively

improve noise performance while maintaining handling performance.
Advantageous Effects of Invention

According to the arrangements described above, it is possible to provide im-
provement on noise performance while maintaining handling performance.
Brief Description of Drawings

Other characteristics and advantages of the invention arise from the description made
hereafter in reference to the annexed drawings which show, as nonrestrictive examples,
the embodiment of the invention.

In these drawings:
[fig.1]Fig. 1 is a schematic cross sectional view of a bead region of a tire according to
a first embodiment of the present invention;
[fig.2]Fig. 2 is an enlarged schematic view showing a portion indicated as II in Fig. 1;
[fig.3]Fig. 3 is a partial perspective view of a bead region of a tire according to a first
embodiment of the present invention;
[fig.4]Fig. 4 is a schematic plan view of a bead region of a tire according to a second
embodiment of the present invention;
[fig.5]Fig. 5 is a cross sectional view taken along line V-V in Fig. 4;
Description of Embodiments

Preferred embodiments of the present invention will be described below referring to
the drawings.

A tire 1 according to a first embodiment of the present invention will be described

referring to Figs. 1, 2 and 3.
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[0043]
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[0048]

Fig. 1 is a schematic cross sectional view of a bead region of a tire according to a
first embodiment of the present invention. Fig. 2 is an enlarged schematic view
showing a portion indicated as II in Fig. 1. Fig. 3 is a partial perspective view of a bead
region of a tire according to a first embodiment of the present invention.

The tire 1 is a tire comprising a pair of bead regions 2 (only one shown in Fig. 1)
comprising an annular reinforcing structure 3 and one carcass reinforcement 4 which is
anchored in the pair of bead regions 2, a protector portion 5 positioned axially outward
and radially inward from the annular reinforcing structure 3, the protector portion 5
comprising a protector surface 51 intended to come into contact with rim at least partly
with a rim flange J1 and/or a rim sheet J2 of a wheel rim J. The tire 1 is also provided
with other components usually used in a tire, for example sidewall, inner liner, bead
filler, tread (not shown) or summit reinforcing structure (not shown).

As shown in Fig. 1, the protector portion 5 is provided with at least 2 recessed
portions 52 recessed from the protector surface 51 toward interior of the tire 1 with a
depth D (shown in Figs. 2 & 3), the at least 2 recessed portions 52 have a minimum
distance T between one another (shown in Figs. 2 & 3). Young’s modulus E of a
rubber composition constituting the protector portion 5 is in a range from 1.5 to 6.0
MPa. In this first embodiment, 4 (four) trapezoid shaped recessed portions 52 are
provided, 2 (two) on the protector surface 51 facing to the rim flange J1, and other 2
(two) on the protector surface 51 facing to the rim sheet J2, the Young’s modulus E of
the rubber composition constituting the protector portion 5 is 2.0 MPa where Young’s
modulus E of the rubber composition constituting the protector portion 5 for normal
passenger car tire is around 10.0 MPa. Young’s modulus E in this document is a com-
pression modulus at 10% strain following the standard JIS K 6254.

As shown in Fig. 2, the depth D of the at least 2 recessed portions 52 is in a range
from 40 to 80% of a shortest distance from the protector surface 51 to the axially
outermost carcass reinforcement 4 at a position where the plurality of recessed portions
52 being located. An aspect ratio defined as a ratio between the depth D of the at least
2 recessed portions 52 and the minimum distance T between each the at least 2
recessed portions 52 (D/T) is in a range from 2/3 to 4/3.

As shown in Fig. 3, the recessed portions 52 are grooves extending in circumferential
orientation on the protector surface 51. A void ratio on the protector surface 51 due to
the recessed portions 52 is in a range from 35 to 65%. The depth D of the recessed
portions 52 and the minimum distance T between each the recessed portions 52 are
both different between the recessed portions 52 on the protector surface 51 facing to
the rim flange J1 and the recessed portions 52 on the protector surface 51 facing to the
rim sheet J2.

Since the protector portion 5 is provided with at least 2 recessed portions 52 recessed
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[0050]
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[0052]

[0053]
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from the protector surface 51 toward interior of the tire 1 and Young’s modulus E of
the rubber composition constituting the protector portion 5 is in the range from 1.5 to
6.0 MPa, the protector portion 5 provided with relatively soft rubber composition
combined with the at least 2 recessed portions 52 has compressibility which makes it
possible to reduce effort transfer from the tire 1 to the wheel rim J. Therefore it is
possible to improve noise performance.

If Young’s modulus E of the rubber composition constituting the protector portion 5
is less than 1.5 MPa, there is a risk that both noise and handling performance would be
degraded as the protector portion 5 becomes too soft leading too much deformation in
the recessed portions 52. If Young’s modulus E of the rubber composition constituting
the protector portion 5 is more than 6.0 MPa, there is a risk that noise performance
cannot be improved due to incompressibility of the rubber composition makes the
protector portion 5 appear stiff. By setting Young’s modulus E of the rubber com-
position constituting the protector portion 5 in the range from 1.5 to 6.0 MPa, the
protector portion 5 can effectively reduce transfer of the effort from the tire 1 to the
wheel rim J while maintaining sufficient effort transfer for handling performance.

This Young’s modulus E of the rubber composition constituting the protector portion
5 is preferably in the range from 1.5 to 5.0 MPa, more preferably in the range from 1.5
to 4.0 MPa.

Since the at least 2 recessed portions 52 having a minimum distance T between one
another, it is possible to prevent excessive deformation of the protector portion 5.
Therefore it is possible to maintain handling performance while improving noise per-
formance by reducing effort transfer from the tire 1 to the wheel rim J thanks to the at
least 2 recessed portions 52 provided with relatively softer rubber composition.

Since the at least 2 recessed portions 52 are at least 2 grooves extending in circum-
ferential orientation, it is possible to manufacture efficiently the at least 2 recessed
portions 52, thus productivity of the tire 1 provided with at least 2 recessed portions 52
can be improved.

Since the depth D of the at least 2 recessed portions 52 is in a range from 40 to 80%
of the shortest distance from the protector surface 51 to the axially outermost carcass
reinforcement 4 at the position where the plurality of recessed portions 52 being
located, it is possible to effectively improve noise performance while maintaining
handling performance.

If the depth D of the at least 2 recessed portions 52 is less than 40% of the shortest
distance from the protector surface 51 to the axially outermost carcass reinforcement 4
at the position where the plurality of recessed portions 52 being located, there is a risk
that the compressibility of the protector portion 5 due to the recessed portions 52

would become insufficient for reducing effort transfer from the tire 1 to the wheel rim
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J. If the depth D of the at least 2 recessed portions 52 is more than 80% of the shortest
distance from the protector surface 51 to the axially outermost carcass reinforcement 4
at the position where the plurality of recessed portions 52 being located, there is a risk
of endurance performance degradation due to too much movement of a part of the
protector portion 5 without the recessed portions 52 which may initiate cracking at an
inner part of the recessed portions 52.

Since the void ratio on the protector surface 51 due to the at least 2 recessed portions
52 is in the range from 35 to 65%, it is possible to effectively improve noise per-
formance while maintaining handling performance.

If the void ratio on the protector surface 51 due to the at least 2 recessed portions 52
is less than 35%, there is a risk that compressibility of the protector portion 5 due to the
recessed portions 52 would become insufficient for reducing effort transfer from the
tire 1 to the wheel rim J. If the void ratio on the protector surface 51 due to the at least
2 recessed portions 52 is more than 65%, there is a risk that the protector portion 5
becomes too soft which leads degradation of handling performance.

Since the aspect ratio defined as the ratio between the depth D of the at least 2
recessed portions 52 and the minimum distance T between each the at least 2 recessed
portions 52 (D/T) is in the range from 2/3 to 4/3, it is possible to effectively improve
noise performance while maintaining handling performance.

If the aspect ratio defined as the ratio between the depth D of the at least 2 recessed
portions 52 and the minimum distance T between each the at least 2 recessed portions
52 (D/T) is less than 2/3, there is a risk that compressibility of the protector portion 5
provided by the recessed portions 52 and relatively softer rubber composition becomes
insufficient for reducing effort transfer from the tire 1 to the wheel rim J leading in-
sufficient improvement on noise performance. If the aspect ratio defined as the ratio
between the depth D of the at least 2 recessed portions 52 and the minimum distance T
between each the at least 2 recessed portions 52 (D/T) is more than 4/3, there is a risk
that compressibility of the protector portion 5 becomes too much leading degradation
of handling performance.

The annular reinforcing structure 3 may have a shape different than circular shape,
for example triangular or polygonal shape, or may be piles described in the document
US56606560A.

A cross sectional shape and/or the depth D of the recessed portions 52 may be the
same among all the recessed portions 52, may be different among each the recessed
portions 52.

The recessed portions 52 may be provided only on the protector surface 51 facing to
the rim flange J1, may be provided only on the protector surface 51 facing to the rim
sheet J2.
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A tire 81 according to a second embodiment of the present invention will be
described referring to Figs. 4 and 5. Fig. 4 is a schematic plan view of a bead region of
a tire according to a second embodiment of the present invention. Fig. 5 is a cross
sectional view taken along line V-V in Fig. 4. The construction of this second em-
bodiment is similar to that of the first embodiment other than the arrangement shown

in Figs. 4 and 5, thus description will be made referring to Figs. 4 and 5.
As shown in Fig. 4, a bead region 82 of a tire 81 being provided with a protector

portion 85 comprising a protector surface 851 intended to come into contact at least
partly with a rim flange J1 and/or a rim sheet J2 of a wheel rim (not shown), the
protector portion 85 facing to the rim flange J1 (not shown) being provided with at
least 2 recessed portions 852 recessed from the protector surface 851 toward interior of
the tire 81 with a depth D (shown in Fig. 5), the at least 2 recessed portions 852 having
a minimum distance T between one another. Young’s modulus E of a rubber com-
position constituting the protector portion 85 is in a range from 1.5 to 6.0 MPa.

As shown in Figs. 4 and 5, each the at least 2 recessed portions 852 have triangular
shape on the protector surface 851, an overall shape of each the recessed portions 852
is trigonal pyramid shape. A set of 3 recessed portions 852 are radially in line as to
align one corner of the recessed portion 852 toward radial orientation of the tire 81,
another set of the 3 recessed portions 852 is placed at circumferentially distant position
as to align one corner of the recessed portions 852 opposite to circumferentially
adjacent set of the 3 recessed portions 852.

Since each the at least 2 recessed portions 852 have circular, triangular, rectangular,
polygonal or combination of these shapes on the protector surface 851, it is possible to
maintain a shape of the recessed portions 852 when tire 81 being mounted onto the
wheel rim J for the recessed portions 852 act for reducing effort transfer from the tire
81 to the wheel rim J while preventing too much deformation, thus noise performance
is improved while maintaining handling performance.

A size, shape, orientation and the depth D of the recessed portions 852 may vary
among each other, or all the recessed portions 852 may have the same dimensional
configuration.

As another preferred embodiment of the present invention not shown in drawings,
the at least 2 recessed portions 852 are combination of at least 2 grooves extending in
circumferential orientation and recesses having circular, triangular, rectangular,
polygonal or combination of these shapes on the protector surface 851. According to
this arrangement, it is possible to improve design freedom for placing the at least 2

recessed portions 852 onto the protector portion 85.

Examples
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In order to confirm the effect of the present invention, one type of tire of Example to
which the present invention is applied and other types of tires of Reference and Com-
parative Example were prepared.

The Example was a tire as described in the above the first embodiment provided with
at least 2 recessed portions in a form of circumferential groove and Young’s modulus
E of the rubber composition constituting the protector portion was equal to 2.0 MPa.
The Comparative Example 1 was a tire provided without the recessed portions and
Young’s modulus E of the rubber composition constituting the protector portion was
equal to 0.5 MPa. The Comparative Example 1 was a tire provided with the recessed
portions and Young’s modulus E of the rubber composition constituting the protector
portion was equal to 9.6 MPa. The Reference was a tire provided without the recessed
portions and Young’s modulus E of the rubber composition constituting the protector
portion was equal to 9.6 MPa. All the Example, Comparative Examples and Reference
were in the same tire size 235/45R18, and had the same internal construction as normal
radial pneumatic tire using the same material other than the protector portion.

Noise performance tests:

Unused test tires were mounted onto all four wheels of a 2,500 cc rear-wheel drive
vehicle. On a straight path weathered asphalt, the vehicle was driven at a constant
speed of 80 kph. An interior noise was measured using a microphone positioned at a
passenger’s ear close to window. An A-weighted sound pressure level between 0 and
500 Hz was calculated.

The results are shown in table 1. In this table 1, results are represented by difference
in dB(A) against Reference, lower the value indicates better the performance.

Handling performance tests:

A cornering power of unused test tires, except Comparative Example 1 which would
be obvious to be degraded on this performance for those skilled in the art, mounted
onto a standard rim and inflated to nominal internal pressure were measured using a
flat belt tire tester. A load of 460kg was applied while tires driven at a constant speed
of 80 kph, lateral force at a slip angle of + 1° was measured, and the lateral forces
measured at +1° and at -1° were averaged.

The results are also shown in table 1. In this table 1, results are represented by an

index of 100 for Reference, higher the number indicates better the performance.
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[Table 1]
Example | Comparative | Comparative | Reference
Example 1 Example 2
Recessed portions (Yes/No) Yes No Yes No
Young’s modulus E (MPa) 2.0 0.5 9.6 3.6
Noise performance (dBA) -0.6 -0.4 0.0 0.0
Handling performance (index) 99 - 101 100

[0077]  As seen from table 1, the Example shows improvement on noise performance while

maintaining handling performance, which cannot be achieved by recessed portions

only nor relatively softer rubber composition for the protector portion only.

Reference Signs List
[0078] 1, 81 tire
2, 82 bead region

3 annular reinforcing structure

4 carcass reinforcement
S, 85 protector portion
51, 851 protector surface

52, 852 recessed portion
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Claims
A tire (1) comprising a pair of bead regions (2) comprising an annular
reinforcing structure (3) and at least one carcass reinforcement (4)
which is anchored in the pair of bead regions (2), a protector portion (5)
positioned axially outward and radially inward from the annular re-
inforcing structure (3), the protector portion (5) comprising a protector
surface (51) intended to come into contact at least partly with a rim
flange (J1) and/or a rim sheet (J2) of a wheel rim (J), the protector
portion (5) being provided with at least 2 recessed portions (52)
recessed from the protector surface (51) toward interior of the tire (1)
with a depth D, the at least 2 recessed portions (52) having a minimum
distance T between one another,
the tire being characterized in that Young’s modulus E of a rubber
composition constituting the protector portion (5) is in a range from 1.5
to 6.0 MPa.
The tire (1) according to Claim 1, wherein the at least 2 recessed
portions (52) are at least 2 grooves extending in circumferential ori-
entation.
The tire (1) according to Claim 1, wherein each the at least 2 recessed
portions (52) have circular, triangular, rectangular, polygonal or com-
bination of these shapes on the protector surface (51).
The tire (1) according to Claim 1, wherein the at least 2 recessed
portions (52) are combination of at least 2 grooves extending in circum-
ferential orientation and recesses having circular, triangular,
rectangular, polygonal or combination of these shapes on the protector
surface (51).
The tire (1) according to any one of the Claims 1 to 4, wherein the
depth D of the at least 2 recessed portions (52) is in a range from 40 to
80% of a shortest distance from the protector surface (51) to the axially
outermost carcass reinforcement (4) at a position where the plurality of
recessed portions (52) being located.
The tire (1) according to any one of the Claims 1 to 5, wherein a void
ratio on the protector surface (51) due to the at least 2 recessed portions
(52) is in a range from 35 to 65%.
The tire (1) according to any one of the Claims 1 to 6, wherein an
aspect ratio defined as a ratio between the depth D of the at least 2

recessed portions (52) and the minimum distance T between each the at
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least 2 recessed portions (52) (D/T) is in a range from 2/3 to 4/3.
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