
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

75
6 

96
5

B
1

TEPZZ 756965B_T
(11) EP 2 756 965 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
30.12.2015 Bulletin 2015/53

(21) Application number: 13180868.5

(22) Date of filing: 19.08.2013

(51) Int Cl.:
B60C 11/00 (2006.01)

(54) Pneumatic tire for use in two-wheeled automotive vehicle

Luftreifen zur Verwendung in einem zweirädrigen Fahrzeug

Pneu radial à utiliser dans un véhicule à deux roues

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 21.01.2013 JP 2013007971

(43) Date of publication of application: 
23.07.2014 Bulletin 2014/30

(73) Proprietor: Sumitomo Rubber Industries, Ltd.
Kobe-shi,
Hyogo-ken (JP)

(72) Inventor: Saiwaki, Izumi
Kobe-shi, Hyogo-ken, 651-0072 (JP)

(74) Representative: Manitz, Finsterwald & Partner 
GbR
Martin-Greif-Strasse 1
80336 München (DE)

(56) References cited:  
JP-A- H0 872 505 JP-A- S63 134 311



EP 2 756 965 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to pneumatic tires that are to be mounted to two-wheeled automotive vehicles.
More specifically, the present invention relates to improvement of treads of tires.

Description of the Related Art

[0002] In cornering of a two-wheeled automotive vehicle, a centrifugal force is applied to the two-wheeled automotive
vehicle. In the cornering, a cornering force is necessary. The cornering force matches the centrifugal force. In the
cornering, a rider leans the two-wheeled automotive vehicle toward an inner side. By the two-wheeled automotive vehicle
being leaned, the cornering of the two-wheeled automotive vehicle is achieved. In order to facilitate the cornering, a tire
for use in two-wheeled automotive vehicles includes a tread having a small radius of curvature. In straight running, the
tread contacts with the ground at a center region of the tread. On the other hand, in cornering, the tread contacts with
the ground at a shoulder region of the tread. A tire in which a center region and a shoulder region function according to
their roles, respectively, is disclosed in JP2005-271760.
[0003] In this tire, a hardness of a crosslinked rubber in a center region of a tread is high, and a hardness of a crosslinked
rubber in shoulder regions of the tread is low. Thus, in straight running, the tread contacts with the ground at the center
region having a high hardness. The tire is excellent in steering stability in straight running. In cornering, the tread contacts
with the ground at the shoulder region having a low hardness. The tire is excellent in grip performance in cornering.
The grip performance is influenced by a temperature of a tire. In the beginning of running, the temperature of a tire is low.
In a tire that is flexible in a shoulder region, a high grip performance can be obtained in a state where the temperature
of the tire is low. A hardness of a crosslinked rubber in the shoulder region is low. In the tire, the crosslinked rubber in
the shoulder region becomes more flexible in a state where the temperature of the tire is high. This flexible state leads
to reduction of stiffness in the shoulder region. The reduction of stiffness deteriorates steering stability. Further, the
reduction of stiffness reduces wear resistance in the shoulder region of the tread. It is not easy to favorably obtain both
a grip performance in the beginning of running in which the temperature of a tire is low, and a grip performance in a
state where the temperature of the tire is sufficiently high after the beginning of running.
[0004] JP 63-134311 discloses a tire which is considered as closest prior art.
An object of the present invention is to make available a tire, for use in two-wheeled automotive vehicles, which exhibits
an excellent grip performance in cornering from the beginning of running.

SUMMARY OF THE INVENTION

[0005] A tire, for use in a two-wheeled automotive vehicle, according to the present invention includes a tread. The
tread includes a center region, in an axial direction, including an equator plane, and a pair of shoulder regions located
outward of the center region in the axial direction. Each shoulder region includes a base layer, a middle layer layered
outward of the base layer in a radial direction, and a top layer layered outward of the middle layer in the radial direction.
A loss compliance LCt of a crosslinked rubber of the top layer is set so as to be higher than a loss compliance LCm of
a crosslinked rubber of the middle layer. The loss compliance LCm of the crosslinked rubber of the middle layer is set
so as to be higher than a loss compliance LCb of a crosslinked rubber of the base layer. A breaking energy Et of the
crosslinked rubber of the top layer is set so as to be less than a breaking energy Em of the crosslinked rubber of the
middle layer.
[0006] Preferably, in the tire, a thickness of the top layer is greater than or equal to 0.1 mm, and is not greater than
0.5 mm.
[0007] Preferably, in the center region of the tire, a tread surface that contacts with a road surface is formed by the
base layer.
[0008] Preferably, a ratio (Wa/W) of a width Wa, in the axial direction, of the center region to a width W, in the axial
direction, of the tread is greater than or equal to 0.1, and is not greater than 0.3. The tire is mounted to a rear wheel for
a two-wheeled automotive vehicle.
[0009] Preferably, a ratio (Wa/W) of a width Wa, in the axial direction, of the center region to a width W, in the axial
direction, of the tread is greater than or equal to 0.1, and is not greater than 0.5. The tire is mounted to a front wheel for
a two-wheeled automotive vehicle.
[0010] In the tire, in cornering in the beginning of running, the top layer in the shoulder region contacts with the ground.
The top layer allows grip performance to be sufficiently exhibited in a state where the temperature of the tire is low.
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Further, after rising of the temperature of the tire has occurred and the top layer has been worn, the middle layer contacts
with the ground, to stably exhibit grip performance. The tire can exhibit, in cornering, high grip performance from the
beginning of running in which the temperature is low, through to after the temperature becomes sufficiently high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a cross-sectional view of a tire according to one embodiment of the present invention; and
FIG. 2 is a cross-sectional view of a tire according to another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The following will describe in detail the present invention based on preferred embodiments with reference to
the accompanying drawing.
[0013] FIG. 1 shows a cross-section of a tire 2 according to the present invention. In FIG. 1, the upward/downward
direction represents the radial direction, and the leftward/rightward direction represents the axial direction. An alternate
long and short dash line CL represents the equator plane. The tire 2 includes a tread 4, sidewalls 6, beads 8, a carcass
10, a belt 12, an inner liner 14, and chafers 16. The tire 2 is a tubeless pneumatic tire. The tire 2 is mounted to a two-
wheeled automotive vehicle.
[0014] An arrow W in FIG. 1 represents a width, in the axial direction, of the tread 4. The tread 4 has a center region
Ta, and a pair of shoulder regions Tb. The center region Ta of the tread 4 includes the equator plane, and is a region
that is bilaterally symmetric with respect to the equator plane, which is not shown. An arrow Wa represents a width, in
the axial direction, of the center region Ta. The shoulder regions Tb of the tread 4 are a pair of regions that is located
outward of the center region Ta in the axial direction. A double-headed arrow Wb represents a width, in the axial direction,
of each shoulder region Tb. The widths W, Wa, and Wb are measured along a tread surface 18. In the tire 2, a ratio
(Wa/W) of the width Wa of the center region Ta to the width W of the tread 4 is, for example, 0.25.
[0015] The tread 4 has a shape projecting outward in the radial direction. The tread 4 includes the tread surface 18
that contacts with a road surface. Each shoulder region Tb of the tire 2 includes a base layer 20, a middle layer 22, and
a top layer 24. The base layer 20 is located on an innermost side, in the radial direction, of the tread 4. The middle layer
22 is layered outward of the base layer 20 in the radial direction. The top layer 24 is layered outward of the middle layer
22 in the radial direction. The center region Ta is formed of one layer being the base layer 20. In the tire 2, in the beginning
of running, the tread surface 18 is formed by the top layer 24 of each shoulder region Tb and the base layer 20 of the
center region Ta.
[0016] Each of the base layer 20, the middle layer 22, and the top layer 24 is formed by a crosslinked rubber composition.
The rubber compositions of the base layer 20, the middle layer 22, and the top layer 24 are different from each other.
A loss compliance LCt of the top layer 24 is higher than a loss compliance LCm of the middle layer 22. The loss compliance
LCm of the middle layer 22 is higher than a loss compliance LCb of the base layer 20.
[0017] The sidewalls 6 extend from ends, respectively, of the tread 4 approximately inward in the radial direction. The
sidewalls 6 are formed by a crosslinked rubber composition. The sidewalls 6 absorb impact from a road surface due to
their flexure. Further, the sidewalls 6 prevent damage of the carcass 10.
[0018] The beads 8 extend from the sidewalls 6, respectively, approximately inward in the radial direction. Each bead
8 includes a core 26 and an apex 28 that extends from the core 26 outward in the radial direction. The apex 28 is tapered
outward in the radial direction. The apex 28 is formed by a crosslinked rubber composition. The apex 28 has a high
hardness.
[0019] The carcass 10 is formed by a carcass ply 30. The carcass ply 30 extends along inner surfaces of the tread 4
and the sidewalls 6. The carcass ply 30 is turned up around each core 26 from the inner side to the outer side in the
axial direction. The carcass ply 30 is formed by cords and a topping rubber, which is not shown. The cord is formed by
an organic fiber. Examples of preferable organic fiber include polyester fibers, nylon fibers, rayon fibers, polyethylene
naphthalate fibers, and aramid fibers.
[0020] The belt 12 is located between the carcass 10 and the tread 4. The belt 12 includes an inner layer 32 and an
outer layer 34. The outer layer 34 is layered outward of the inner layer 32 in the radial direction. The inner layer 32 and
the outer layer 34 are each formed by cords and a topping rubber, which is not shown. A material of the cord is a steel
or an organic fiber. Specific examples of the organic fiber include aramid fibers, nylon fibers, polyester fibers, rayon
fibers, and polyethylene naphthalate fibers.
[0021] The inner liner 14 is bonded to an inner circumferential surface of the carcass 10. The inner liner 14 is formed
by a crosslinked rubber. For the inner liner 14, a rubber that is excellent in air-sealing property is used. The inner liner
14 functions so as to maintain an internal pressure of the tire 2.
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[0022] The chafers 16 are located near the beads 8, respectively. When the tire 2 is mounted to a rim, the chafers 16
abut on the rim, which is not shown. Portions near the beads 8 are protected due to the abutment.
[0023] The tire 2 thus illustrated is mounted to a rear wheel of a two-wheeled automotive vehicle when used. In the
tire 2, the tread 4 contacts with the ground at the center region Ta in straight running. Since the tread surface 18 is
formed by the base layer 20 in the center region Ta, the tire 2 is excellent in stability during straight running. In the tire
2, a ratio (Wa/W) of the width Wa of the center region Ta to the width W of the tread 4 is preferably greater than or equal
to 0.1, and more preferably greater than or equal to 0.15. On the other hand, in cornering, the tread 4 contacts with the
ground at the shoulder region Tb. Since the tread surface 18 is formed by the top layer 24 in the shoulder region Tb,
the tire 2 is excellent in grip performance in cornering. In the tire 2, the ratio (Wa/W) is preferably not greater than 0.3,
and more preferably not greater than 0.25.
[0024] In cornering in the beginning of running, the top layer 24 of the tire 2 contacts with the ground. The loss
compliance LCt of the top layer 24 is high. The top layer 24 exhibits a sufficient grip performance from the beginning of
running. The tire 2 is excellent in grip performance in cornering in the beginning of running.
[0025] From the viewpoint that the tire is allowed to exhibit grip performance in the beginning of running, the loss
compliance LCt of the top layer 24 is preferably higher than or equal to 1.1 (MPa-1). The loss compliance LCt is more
preferably higher than or equal to 1.2 (MPa-1), and particularly preferably higher than or equal to 1.3 (MPa-1). On the
other hand, excellent wear resistance can be exhibited by the top layer 24 in which the loss compliance LCt is low. In
this viewpoint, the loss compliance LCt is preferably not higher than 1.6 (MPa-1). The loss compliance LCt is more
preferably not higher than 1.5 (MPa-1), and particularly preferably not higher than 1.4 (MPa-1).
[0026] The middle layer 22 is disposed inward of the top layer 24 in the radial direction, to contribute to enhancement
of a stiffness of the shoulder region Tb. In the viewpoint that the stiffness is enhanced, the loss compliance LCm of the
middle layer 22 is preferably less than or equal to 1.1 (MPa-1), more preferably less than or equal to 1.05 (MPa-1), and
particularly preferably less than or equal to 1.0 (MPa-1). On the other hand, grip performance can be sufficiently exhibited
in the tire 2 in which the loss compliance LCm is high also when the top layer 24 is worn and the middle layer 22 contacts
with the ground. In this viewpoint, the loss compliance LCm is preferably not less than 0.8 (MPa-1), more preferably not
less than 0.85 (MPa-1), and particularly preferably not less than 0.9 (MPa-1).
[0027] Further, since the base layer 20 is disposed inward of the middle layer 22 in the radial direction, reduction of
stiffness in the shoulder region Tb is suppressed. In this viewpoint, the loss compliance LCb of the base layer 20 is
preferably less than or equal to 1.0 (MPa-1), more preferably less than or equal to 0.95 (MPa-1), and particularly preferably
less than or equal to 0.9 (MPa-1). On the other hand, from the viewpoint that grip force can be sufficiently exerted in
straight running, the loss compliance LCb of the base layer 20 is preferably not less than 0.7 (MPa-1), more preferably
not less than 0.75 (MPa-1), and particularly preferably not less than 0.8 (MPa-1).
[0028] In the top layer 24 in which the loss compliance LCt is high, a heat generating property is excellent. In the top
layer 24, the temperature thereof rises early. A breaking energy Et of the top layer 24 is set so as to be less than a
breaking energy Em of the middle layer 22. Thus, when a temperature rises, wear of the top layer 24 is accelerated.
The top layer 24 is worn, and the middle layer 22 contacts with the ground. By the middle layer 22 contacting with the
ground, after the rising of the temperature of the tire, grip performance can be sufficiently exhibited. From the viewpoint
that the top layer 24 is worn early, the breaking energy Et is preferably less than or equal to 2000 (Mpa·%), more
preferably less than or equal to 1800 (MPa·%), and particularly preferably less than or equal to 1600 (MPa·%). On the
other hand, from the viewpoint that, in the beginning of running, the top layer 24 contacts with the ground to sufficiently
exhibit grip performance, the breaking energy Et is preferably not less than 1000 (MPa·%), more preferably not less
than 1200(MPa·%), and particularly preferably not less than 1400 (MPa·%).
[0029] From the viewpoint that, also when the top layer 24 is worn, and the middle layer 22 contacts with the ground,
grip performance can be sufficiently exhibited, the breaking energy Em of the middle layer 22 is preferably higher than
or equal to 2000 (MPa·%), more preferably higher than or equal to 2200 (MPa·%), and particularly preferably higher
than or equal to 2400 (MPa·%).
[0030] A double-headed arrow Tt in FIG. 1 represents a thickness of the top layer 24. The thickness Tt is measured
at the center, in the axial direction, of the shoulder region Tb. The thickness Tt is measured in the direction of the normal
to the tread surface 18 on a cross-section that is cut from the tire 2, as shown in FIG. 1.
[0031] In the tire 2, since the thickness Tt of the top layer 24 is small, the top layer 24 is worn early. Thus, the middle
layer 22 contacts with the ground, and grip performance can be sufficiently exhibited after the beginning of running.
From the viewpoint that the middle layer 22 is caused to contact with the ground after the top layer 24 is worn, the
thickness Tt is preferably less than or equal to 0.5 mm, and more preferably less than or equal to 0.4 mm. On the other
hand, in the tire 2 in which the thickness Tt is great, the top layer 24 contacts with the ground in the beginning of running
in which the temperature of the tire is low, and grip performance can be sufficiently exhibited. From this viewpoint, the
thickness Tt is preferably not less than 0.1 mm, and more preferably not less than 0.2 mm.
[0032] The tire 2 exhibits high grip performance from the beginning of running in which the temperature of the tire is
low, through to after sufficient rising of the temperature of the tire. Furthermore, reduction of stiffness is suppressed as
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well as the high grip performance is exhibited. Deterioration of steering stability and reduction of wear resistance in the
shoulder region Tb are suppressed.
[0033] The loss compliance LC is represented as a ratio (E"/(E*)2) of a loss elastic modulus E" to the square of a
complex elastic modulus E*. In the present invention, a complex elastic modulus E* and a loss elastic modulus E" of
the top layer 24 at 100°C are used to calculate the loss compliance LCt of the top layer 24. The complex elastic modulus
E* and the loss elastic modulus E" are measured in compliance with the standard of "JIS K 6394", by using a viscoelasticity
spectrometer (manufactured by Iwamoto Seisakusho), under the following measurement conditions.

Initial strain: 10%
Amplitude: 62.5%
Frequency: 10 Hz
Deformation mode: tension
Measurement temperature: 100°C

[0034] For measuring the complex elastic modulus E* and the loss elastic modulus E", a test piece formed by a rubber
composition of the top layer 24 is used. The test piece is plate-shaped, and the length thereof is 45 mm, the width thereof
is 4 mm, and the thickness thereof is 2 mm. The test piece is chucked at both end portions, and the measurement is
made. The length of a displaced portion of the test piece is 30 mm. The loss compliance LCb of the base layer 20 and
the loss compliance LCm of the middle layer 22 are calculated in the same manner as for the top layer 24. For measuring,
for the calculation, the complex elastic modulus E* and the loss elastic modulus E", at 100°C, of each of the base layer
20 and the middle layer 22, a test piece formed by a rubber composition of each of the base layer 20 and the middle
layer 22 of the tread 4 is used.
[0035] The breaking energy Et of the top layer 24 is obtained in compliance with the standard of "JIS K6251" entitled
"Rubber, vulcanized or thermoplastics-Determination of tensile stress-strain properties". A rubber slab sheet is produced
from a rubber composition of the top layer 24. The rubber slab sheet is subjected to heat aging process at 100°C for 72
hours, to be thermally aged, and is then punched, thereby obtaining test pieces from the rubber slab sheet. A tensile
strength (TB) and elongation at break (EB) of the test piece are measured. The breaking energy Et is obtained based
on the tensile strength (TB) and elongation at break (EB) according to the following equation. 

[0036] The breaking energy Em of the middle layer 22 is obtained, by using a rubber composition of the middle layer
22, in the same manner as for the breaking energy Et.
[0037] In the present invention, the dimensions and angles of the components of the tire 2 are measured in a state
where the tire 2 is mounted to a normal rim, and the tire 2 is inflated with air to a normal internal pressure, unless
otherwise specified. During the measurement, no load is applied to the tire 2. In the description herein, the normal rim
represents a rim that is specified according to the standard with which the tire 2 complies. The "standard rim" in the
JATMA standard, the "Design Rim" in the TRA standard, and the "Measuring Rim" in the ETRTO standard are included
in the normal rim. In the description herein, the normal internal pressure represents an internal pressure that is specified
according to the standard with which the tire 2 complies. The "maximum air pressure" in the JATMA standard, the
"maximum value" recited in "TIRE LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" in the TRA standard,
and the "INFLATION PRESSURE" in the ETRTO standard are included in the normal internal pressure.
[0038] FIG. 2 shows a cross-section of a tire 36 according to the present invention. The tire 36 is mounted to a front
wheel of a two-wheeled automotive vehicle. The description of the same components as those of the tire 2 is not given.
In the description for the tire 36, the same components as those of the tire 2 are denoted by the same reference numerals
as used for the tire 2. Also in the tire 36, a tread 4 contacts with the ground at a center region Ta in straight running. In
this viewpoint, a ratio (Wa/W) of a width Wa of the center region Ta to a width W of the tread 4 is preferably greater than
or equal to 0.1, and more preferably greater than or equal to 0.15. On the other hand, in cornering, the tread 4 contacts
with the ground at a shoulder region Tb. In this viewpoint, the ratio (Wa/W) is preferably not greater than 0.5, and more
preferably not greater than 0.45.
[0039] When the tire 36 is used for front tires, high grip performance can be exhibited from the beginning of running
in which the temperature of the tire is low, through to after sufficient rising of the temperature of the tire. Further, reduction
of stiffness can be suppressed as well as the high grip performance can be exhibited. The tire 36 prevents deterioration
of steering stability and reduction of wear resistance in the shoulder region Tb.
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EXAMPLES

[0040] Hereinafter, effects of the present invention will become apparent according to examples. However, the present
invention should not be restrictively construed based on the description of examples.

[Example 1]

[0041] A rear tire having the structure shown in FIG. 1 was obtained. The size of the tire was "190/50ZR17". In the
tire, a loss compliance LCb of a crosslinked rubber of a base layer in a tread, a loss compliance LCm and a breaking
energy Em of a crosslinked rubber of a middle layer in the tread, and a loss compliance LCt and a breaking energy Et
of a crosslinked rubber of a top layer in the tread were as indicated in Table 1. In Example 1, values of the loss compliance
and the breaking energy are indicated as indexes on the assumption that each value of a tire of Comparative example
1 is 100. A thickness Tt of the top layer of the tire was as indicated in Table 1.

[Comparative examples 1 to 3]

[0042] Tires were each obtained in the same manner as for Example 1 except that crosslinked rubbers of a top layer,
a middle layer, and a base layer were as indicated in Table 1. In each of the tires, the top layer, the middle layer, and
the base layer were formed by the same crosslinked rubber. The tires each had a tread formed by substantially a single
crosslinked rubber.

[Examples 2 to 5]

[0043] Tires were each obtained in the same manner as for Example 1 except that crosslinked rubbers of a top layer,
a middle layer, and a base layer were as indicated in Table 2.

[Example 6]

[0044] A tire was obtained in the same manner as for Example 4 except that a thickness Tt of a top layer was as
indicated in Table 2.

[Examples 7 to 11]

[0045] Tires were each obtained in the same manner as for Example 1 except that a thickness Tt of a top layer was
as indicated in Table 3.

[Example 12]

[0046] A front tire having the structure shown in FIG. 2 was obtained. The size of the tire was "120/70ZR17". In the
tire, a loss compliance LCb of a crosslinked rubber of a base layer in a tread, a loss compliance LCm and a breaking
energy Em of a crosslinked rubber of a middle layer in the tread, and a loss compliance LCt and a breaking energy Et
of a crosslinked rubber of a top layer in the tread were as indicated in Table 4. In Example 12, values of the loss
compliance and the breaking energy are indicated as indexes on the assumption that each value of a tire of Comparative
example 4 is 100. A thickness Tt of the top layer of the tire was as indicated in Table 4.

[Comparative examples 4 to 6]

[0047] Tires were each obtained in the same manner as for Example 12 except that crosslinked rubbers of a top layer,
a middle layer, and a base layer were as indicated in Table 4. In each of the tires, the top layer, the middle layer, and
the base layer were formed by the same crosslinked rubber. The tires each had a tread formed by substantially a single
crosslinked rubber.

[Examples 13 to 16]

[0048] Tires were each obtained in the same manner as for Example 12 except that crosslinked rubbers of a top layer,
a middle layer, and a base layer were as indicated in Table 5.
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[Example 17]

[0049] A tire was obtained in the same manner as for Example 15 except that a thickness Tt of a top layer was as
indicated in Table 5.

[Evaluation of grip performance]

[0050] Test tires were mounted to a two-wheeled automotive vehicle that was dedicated to races and that had an
engine displacement of 1000 cc. A width of a rim for a rear wheel was 6.0 inches, and a width of a rim for a front wheel
was 3.5 inches. An air pressure in the tire was 250 kPa. When the tires of Examples 1 to 11 and Comparative examples
1 to 3 were mounted to the rear wheels, conventional tires were used as they were for the front wheels. On the other
hand, when the tires of Examples 12 to 17 and comparative examples 4 to 6 were mounted as front tires, conventional
tires were used as they were for the rear wheels. The two-wheeled automotive vehicle was caused to perform 10 laps
of running on a circuit course, and a sensory evaluation for grip performance was made by a rider. The results are
indicated below in Tables 1 to 5. The evaluation is indicated as an index for the rear tires based on the assumption that
an evaluation for the tire of Comparative example 1 in the beginning of running is 100. The evaluation is indicated as
an index for the front tires based on the assumption that an evaluation for the tire of Comparative example 4 in the
beginning of running is 100. The greater the index value is, the higher the evaluation is.

Table 1 Evaluation results

Example 
1

Comparative example 
1

Comparative example 
2

Comparative example 
3

LCt 110 100 110 90

LCm 100 100 110 90

LCb 90 100 110 90

Et 90 100 90 110

Em 100 100 90 110

Thickness Tt (mm) 0.3 0.3 0.3 0.3

Grip performance in first 
lap

108 100 110 91

Grip performance in tenth 
lap

97 95 86 90

Table 2 Evaluation results

Example 2 Example 3 Example 4 Example 5 Example 6

LCt 120 130 120 130 120

LCm 100 100 90 90 90

LCb 90 90 80 80 80

Et 85 80 85 80 85

Em 100 100 110 110 110

Thickness Tt (mm) 0.3 0.3 0.3 0.3 1.0

Grip performance in first lap 113 116 110 113 115

Grip performance in tenth lap 97 93 97 92 90
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[0051] As indicated in Tables 1 to 5, the tires of Examples are superior in grip performance from the first lap of running
in which the temperature of the tire was low, through the tenth lap of running in which rising of the temperature of the
tire had been sufficient, as compared to the tires of Comparative examples. Further, in these tires, deterioration of
steering stability and reduction of wear resistance in the shoulder regions were suppressed. The evaluation results
clearly indicate that the present invention is superior. It is also clear that, when the tires of the present invention are used
as a pair of tires such that the tire of each of Examples 1 to 11 is mounted to a rear wheel, and the tire of each of

Table 3 Evaluation results

Example 9 Example 7 Example 8 Example 10 Example 11

LCt 110 110 110 110 110

LCm 100 100 100 100 100

LCb 90 90 90 90 90

Et 90 90 90 90 90

Em 100 100 100 100 100

Thickness Tt (mm) 0.1 0.2 0.4 0.5 0.7

Grip performance in first lap 105 107 109 110 111

Grip performance in tenth lap 99 98 97 95 92

Table 4 Evaluation results

Example 
12

Comparative example 
4

Comparative example 
5

Comparative example 
6

LCt 110 100 110 90

LCm 100 100 110 90

LCb 90 100 110 90

Et 90 100 90 110

Em 100 100 90 110

Thickness Tt (mm) 0.3 0.3 0.3 0.3

Grip performance in first 
lap

107 100 109 92

Grip performance in 
tenth lap

98 95 87 89

Table 5 Evaluation results

Example 13 Example 14 Example 15 Example 16 Example 17

LCt 120 130 120 130 120

LCm 100 100 90 90 90

LCb 90 90 80 80 80

Et 85 80 85 80 85

Em 100 100 110 110 110

Thickness Tt (mm) 0.3 0.3 0.3 0.3 1.0

Grip performance in first lap 112 117 111 114 115

Grip performance in tenth lap 98 94 96 93 91
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Examples 12 to 17 is mounted to a front wheel, suppression of deterioration in steering stability and reduction of wear
resistance in the shoulder regions can be enhanced.
[0052] The tire of the present invention can be mounted to various two-wheeled automotive vehicles.

Claims

1. A tire (2) for use in a two-wheeled automotive vehicle, the tire comprising
a tread (4) that includes a center region (Ta), in an axial direction, including an equator plane, and a pair of shoulder
regions (Tb) located outward of the center region in the axial direction, characterized in that
each shoulder region includes a base layer (20), a middle layer (22) layered outward of the base layer in a radial
direction, and a top layer (24) layered outward of the middle layer in the radial direction,
a loss compliance LCt of a crosslinked rubber of the top layer, represented as a ratio (E"/(E*)2) of a loss elastic
modulus E" to the square of a complex elastic modulus E*, is set so as to be higher than a loss compliance LCm
of a crosslinked rubber of the middle layer,
the loss compliance LCm of the crosslinked rubber of the middle layer is set so as to be higher than a loss compliance
LCb of a crosslinked rubber of the base layer, and
a breaking energy Et of the crosslinked rubber of the top layer, obtained based on the tensile strength (TB) and
elongation at break (EB) according to the following equation Et = (TB)·(EB)/2, is set so as to be less than a breaking
energy Em of the crosslinked rubber of the middle layer.

2. The tire according to claim 1, wherein a thickness (Tt) of the top layer is greater than or equal to 0.1 mm, and is not
greater than 0.5 mm.

3. The tire according to claim 1 or 2, wherein, in the center region, a tread surface that contacts with a road surface is
formed by the base layer.

4. The tire according to any one of the claims 1 to 3, wherein
a ratio (Wa/W) of a width Wa, in the axial direction, of the center region to a width W, in the axial direction, of the
tread is greater than or equal to 0.1, and is not greater than 0.3, and
the tire is mounted to a rear wheel.

5. The tire according to any one of the claims 1 to 3, wherein
a ratio (Wa/W) of a width Wa, in the axial direction, of the center region to a width W, in the axial direction, of the
tread is greater than or equal to 0.1, and is not greater than 0.5, and
the tire is mounted to a front wheel.

Patentansprüche

1. Reifen (2) zur Verwendung in einem Zweirad-Kraftfahrzeug, wobei der Reifen umfasst
eine Lauffläche (4), die einen zentralen Bereich (Ta) in einer axialen Richtung, der eine Äquatorialebene einschließt,
und ein Paar Schulterbereiche (Tb), die außen von dem zentralen Bereich in der axialen Richtung gelegen sind,
umfasst, dadurch gekennzeichnet, dass
jeder Schulterbereich eine Basisschicht (20), eine Mittelschicht (22), die außen von der Basisschicht in einer radialen
Richtung gelegt ist, und eine Deckschicht (24) umfasst, die außen von der Mittelschicht in der radialen Richtung
gelegt ist,
wobei eine Verlustnachgiebigkeit LCt eines quervernetzten Kautschuks der Deckschicht, die als ein Verhältnis (E
" / (E*)2) eines Verlustelastizitätsmoduls E" zu dem Quadrat eines komplexen Elastizitätsmoduls E* dargestellt ist,
derart eingestellt ist, dass sie höher ist als eine Verlustnachgiebigkeit LCm eines quervernetzten Kautschuks der
Mittelschicht,
wobei die Verlustnachgiebigkeit LCm des quervernetzten Kautschuks der Mittelschicht derart eingestellt ist, dass
sie höher ist als eine Verlustnachgiebigkeit LCb eines quervernetzten Kautschuks der Basisschicht, und
eine Bruchenergie Et des quervernetzten Kautschuks der Deckschicht, die auf der Basis der Zugfestigkeit (TB) und
der Bruchdehnung (EB) gemäß der folgenden Gleichung Et = (TB) · (EB) / 2 erhalten wird, derart eingestellt ist,
dass sie kleiner ist als eine Bruchenergie Em des quervernetzten Kautschuks der Mittelschicht.

2. Reifen nach Anspruch 1, wobei eine Dicke (Tt) der Deckschicht größer oder gleich 0,1 mm und nicht größer als 0,5
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mm ist.

3. Reifen nach Anspruch 1 oder 2, wobei durch die Basisschicht in dem zentralen Bereich eine mit der Straßenober-
fläche in Kontakt stehende Laufflächen-Oberfläche, gebildet ist.

4. Reifen nach einem der Ansprüche 1 bis 3, wobei ein Verhältnis (Wa/W) einer Breite Wa in der axialen Richtung des
zentralen Bereichs zu einer Breite W in der axialen Richtung der Lauffläche größer als oder gleich 0,1 und nicht
größer als 0,3 ist, und
der Reifen auf ein Hinterrad aufgezogen ist.

5. Reifen nach einem der Ansprüche 1 bis 3, wobei
ein Verhältnis (Wa/W) einer Breite Wa in der axialen Richtung des zentralen Bereichs zu einer Breite W in der
axialen Richtung der Lauffläche größer als oder gleich 0,1 und nicht größer als 0,5 ist, und
der Reifen auf ein Vorderrad aufgezogen ist.

Revendications

1. Pneumatique (2) à utiliser dans un véhicule automobile à deux roues, le pneumatique comprenant
une bande de roulement (4) qui inclut une région centrale (Ta), dans une direction axiale, incluant un plan équatorial,
et une paire de régions d’épaulement (Tb) situées à l’extérieur de la région centrale dans la direction axiale,
caractérisé en ce que
chaque région d’épaulement inclut une couche de base (20), une couche médiane (22) posée à l’extérieur de la
couche de base dans une direction radiale, et une couche de sommet (24) posée à l’extérieur de la couche médiane
dans la direction radiale,
une conformabilité sous perte LCt d’un caoutchouc réticulé de la couche de sommet, représentée par un rapport
(E"/(E*)2) d’un module élastique sous perte E" sur le carré d’un module élastique complexe E*, est fixée de manière
à être plus élevée qu’une conformabilité sous perte LCm d’un caoutchouc réticulé de la couche médiane,
la conformabilité sous perte LCm du caoutchouc réticulé de la couche médiane est fixée de manière à être plus
élevée qu’une conformabilité sous perte LCb d’un caoutchouc réticulé de la couche de base, et
une énergie de rupture Et du caoutchouc réticulé de la couche de sommet, obtenue en se basant sur la résistance
à la traction (TB) et sur l’élongation à la rupture (EB) selon l’équation suivante Et = (TB) · (EB)/2 est fixée de manière
à être inférieure à une énergie de rupture Em du caoutchouc réticulé de la couche médiane.

2. Pneumatique selon la revendication 1, dans lequel l’épaisseur (Tt) de la couche de sommet est supérieure ou égale
à 0,1 mm, et n’est pas supérieure à 0,5 mm.

3. Pneumatique selon la revendication 1 ou 2, dans lequel, dans la région centrale, une surface de roulement qui est
en contact avec une surface routière est formée par la couche de base.

4. Pneumatique selon l’une quelconque des revendications 1 à 3, dans lequel un rapport (Wa/W) d’une largeur Wa,
dans la direction axiale, de la région centrale sur une largeur W, dans la direction axiale, de la bande de roulement
est supérieure ou égale à 0,1, et n’est pas supérieure à 0,3, et
le pneumatique est monté sur une roue arrière.

5. Pneumatique selon l’une quelconque des revendications 1 à 3, dans lequel
un rapport (Wa/W) d’une largeur Wa, dans la direction axiale, de la région centrale sur une largeur W, dans la
direction axiale, de la bande de roulement est supérieure ou égale à 0,1, et n’est pas supérieure à 0,5, et
le pneumatique est monté sur une roue avant.
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