(12) STANDARD PATENT (11) Application No. AU 2008202171 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(30)

(31)

(43)
(43)
(44)
(71)
(72)

(74)

(56)

Title
Pneumatic tire

International Patent Classification(s)
B60C 11/03 (2006.01)

Application No: 2008202171 (22) Date of Filing:  2008.05.16

Priority Data

Number (32) Date (33) Country
2007-131865 2007.05.17 JP
Publication Date: 2008.12.04

Publication Journal Date: 2008.12.04
Accepted Journal Date: 2012.05.17

Applicant(s)
Sumitomo Rubber Industries, Ltd.

Inventor(s)
Nakano, Keita

Agent / Attorney
Spruson & Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

Related Art
us 6607018 B1
EP1110761 B1




16 May 2008

2008202171

PNEUMATIC TIRE

Abstract of the Disclosure

A pneumatic tire (1) comprises a tread portion (2) provided with a plurality of
lateral grooves (3) and a plurality of longitudinal grooves (4) extending between the
lateral grooves (3) to form a block pattern having a plurality of blocks, the tread pattern
being designated directions to an inside and an outside of a vehicle (m) and the rotation
when the tire (1) is mounted on the vehicle (m), the longitudinal grooves (4) comprising
at least two inclined grooves (7), each between the lateral grooves (3), and as viewed
from above when the tire (1) is mounted on the vehicle (m), the inclined grooves (7)
being inclined toward the inside of the vehicle (m) while extending toward a traveling
direction of the vehicle (m), each inclined groove (7) having a different angle with respect
to the circumferential direction of the tire (1), and each angle becoming larger toward the

outside of the vehicle (m).
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S&F Ref: 858497
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COMPLETE SPECIFICATION

FOR A STANDARD PATENT

Name and Address
of Applicant :

Actual Inventor(s):

Address for Service:

Invention Title:

Sumitomo Rubber Industries, Ltd., of 6-9, Wakinohama-
cho 3-chome, Chuo-ku, Kobe-shi, Hyogo-ken, Japan

Keita Nakano

Spruson & Ferguson

St Martins Tower Level 35
31 Market Street

Sydney NSW 2000

(CCN 3710000177)

Pneumatic tire

The following statement is a full description of this invention, including the best method of

performing it known to me/us:
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Description

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a pneumatic tire suitable for running on off-road
such as rally and dirt trial, and more particularly, to a pneumatic tire which satisfies both

traction performance and lateral grip performance.

Description of the Related Art

A pneumatic tire for running an off-road is used for rally and/or dirt trial
competition. To shorten the lap time, the pneumatic of this kind is required to have
excellent traction performance for gripping an off-road surface and transmitting a driving
force to the road surface, and excellent lateral grip performance for suppressing lateral
slip of tire at the time of cornering. To satisfy both the traction performance and the
lateral grip performance, various proposals have conventionally been made for blocks
provided on a tread and/or shape of groove.

However, the conventional tire has a problem that the lateral grip performance is
inferior and the lateral slip is relatively great.

A tire according to the pre-characterizing portion of claim 1 is known from US-

B1-6 607 018. Further relevant prior art is known from EP-A-1 110 761.

SUMMARY OF THE INVENTION

The present invention has been accomplished in view of such circumstances,
and it is a main object of the invention to provide a pneumatic tire in which a tread portion
includes a plurality of inclined longitudinal grooves being inclined toward the inside of the
vehicle while extending toward a travelling direction of the vehicle, an angle of the
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inclined longitudinal groove with respect to a circumferential direction of the tire becomes
greater toward outer side of the vehicle, edges of the inclined longitudinal grooves
function effectively at the time of cornering, and the traction performance and the lateral
grip performance are satisfied at high level.

This object is achieved by the pneumatic tire of claim 1.

According to the pneumatic tire of the invention with the block pattern in which
the plurality of blocks are divided on the tread portion, each block bites into a road
surface in the off-road running such as mud flat and sand, and high traction performance
is exhibited.

According to the pneumatic tire of the invention, the longitudinal groove includes
the inclined longitudinal grooves extending while inclining inward of the vehicle forward in
the traveling direction when the tire is mounted on the vehicle, and the angle of the
inclined longitudinal grooves with respect to the circumferential direction of the tire is set
greater toward outer side of the vehicle. At the time of cornering when a slip angle is
applied to the tire, the center of the ground-contact region of the tread portion of the
outer tire moves to the outside in proportion to the value of the slip angle. Therefore, at
the time of cornering with the slip angle, the inclined longitudinal grooves can come into
contact with the road surface in a state where the inclined longitudinal grooves become
close to parallel with the travelling direction of the vehicle. That is, the edges of the
inclined longitudinal grooves can come into contact with the ground while angles thereof
become close to a direction intersecting with the lateral slip direction of the vehicle. With
this configuration, high friction force with respect to the road surface is obtained during

the cornering, and the lateral grip performance is enhanced.

Brief Description of the Drawings

AH21(1237668_1):MLW
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Fig. 1 is a plan view showing an arrangement construction in which the tires of
the present embodiment of the present invention mounted on a vehicle, as viewed from
above;

5 Fig. 2 is a plan view of a tread pattern of the left front wheel;

Fig. 3 is an enlarged view of a portion of Fig. 2;

Fig. 4 is a diagram partially showing a footprint of a tread portion of the
pneumatic tire of the present embodiment; and

Fig. 5 is a development view of a tread pattern of a reference.

AH21(1237668_1):MLW 3
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

one embodiment of the present invention will be explained
below based on the drawings.

Fig. 1 is a plan view of a vehicle M in which pneumatic
tires 1 of the present embodiment are mounted on four wheels.
The vehicle M is a front-wheel steering four-wheel vehicle, and a
symbol F represents a traveling direction thereof (a forward
direction).

The pneumatic tire 1 of the present embodiment is a tire
for off-road which has a tread pattern being designated
directions to an inside and an outside of the vehicle M when the
tire is mounted on the vehicle M. Namely, the tire 1 1is
designated both a rotation direction and a wheel on which the
tire 1 is to be mounted (a right wheel 1R or a left wheel 1L) so
that the effect of the tread pattern formed on the tread portion
2 can be exhibited most effectively. 1In this embodiment, the
tire 1 has an identifying means to identify the directions by
means of characters and/or a sign on its sidewall portion (not
shown) . For example, the characters include the words of "INSIDE"
and/or "OuUTSIDE", and the sign includes an arrow sign for
identifying the rotation direction. Accordingly, the tire 1
according to the presént embodiment can be identified to such

directions without mounting on the vehicle M.

when mounting on the vehicle, the tread portion 2 includes
an inner tread 2i forming a region from a tire equator C to an
inner tread edge Ti corresponding to the inside of the vehicle M,
and an outer tread 20 forming a region from the tire equator C to

an outer tread edge To corresponding to the outside of the
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vehicle M. The inner tread 2i and the outer tread 20 have
different patterns. with this configuration, the tread portion 2
is formed with so-called an asymmetrical pattern. Further, the
asymmetrical pattern includes a first pattern for right tires and
second pattern for left wheels. These first and second patterns
are symmetrical with respect to the center Tline of the vehicle.

Here, the tread edges Ti and To are ground-contact ends on
an outermost sides in the tire axial direction when the tire 1is
mounted on a standard rim and inflated to a standard pressure and
a standard load is applied thereto, and the tire is brought into
a flat surface at a camber angle of 0 degree.

Also, the standard wheel rim is a wheel rim officially
approved for the tire by standard organization, i.e. JATMA (Japan
and Asia), T&RA (North America), ETRTO (Europe) and the like.

The standard pressure is the maximum air pressure for the tire
specified by the same organization in the Air-pressure Table or
similar Tist. For example, the standard wheel rim is the
“standard rim" specified in JATMA, the "Measuring Rim" in ETRTO,
the "Design Rim" in TRA or the like. The standard pressure is
the "maximum air pressure" in JATMA, the "Inflation Pressure" 1in
ETRTO, the maximum pressure given in the "Tire Load Limits at
various Cold Inflation Pressures” table in TRA or the like. The
standard load is the "maximum load capacity"” in JATMA, 88% of the
"toad Capacity"” in ETRTO, the maximum value given in the above-
mentioned table in TRA or the like. when any of these
specifications do not exist, a recommended value of a tire maker
is applied.

As shown in Fig. 2, the tread portion 2 is provided with a

plurality of lateral grooves 3 extending in the axial direction
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of the tire and separated from each other in the circumferential
direction of the tire, and a plurality of longitudinal grooves 4
connecting between the lateral grooves 3 and separated from each
other in the axial direction of the tire. With this
configuration, the tread portion 2 is formed with a block pattern
having a plurality of blocks B. The blocks of the block pattern
sufficiently bite into a road surface in a mud flat or sand, and
high traction performance can be exhibited.

The groove widths and groove depths of the lateral grooves
3 and the longitudinal grooves 4 are not especially Timited, but
if they are too small, there is an adverse possibility that the
traction performance on a soft road such as mud flat is
deteriorated. From such a viewpoint, it is preferable that the .
groove widths of the lateral grooves 3 and the longitudinal
grooves 4 (as measured at right angles with respect to the groove
center line) are not less than 5 mm, more preferably not less
than 8 mm. Similarly, it is preferable that the groove depths of
the lateral grooves 3 and the longitudinal grooves 4 are not less
than 8 mm and more preferably not less than 10 mm.

If the groove widths or groove depths of the lateral
grooves 3 and the longitudinal grooves 4 are too great, there is
an adverse possibility that the traction performance is
deteriorated on a hard soil road. From such a viewpoint, it 1is
preferable that the groove widths of the lateral grooves 3 and
the longitudinal grooves 4 are not more than 15 mm, and more
preferably not more than 12 mm. Similarly, it is preferable that
the groove depths of the lateral grooves 3 and the longitudinal
grooves 4 are not more than 11.5 mm.

The Tateral groove 3 includes an inner lateral groove 3i
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extending across the inner tread 2i in the axial direction of the
tire, and an outer lateral groove 30 extending across the outer
tread edge 20 in the axial direction of the tire. Concerning the
Tateral groove, the expression "extending in the axial direction
of the tire" does not have narrow meaning that '"the groove
extends in parallel to the axial direction of the tire", but
meaning that "the groove may incline with respect to the axial
direction of the tire" of course. |

In this embodiment, the inner lateral groove 3i and the
outer lateral groove 30 are substantially straight, and are in
communication with each other at the tire equator C. Wwith this
configuration, the lateral groove 3 continuously extends from the
outer outer tread edge To to the inner tread edge Ti without
being cut. However, the lateral grooves 3i and 30 are not
Timited to the grooves which are in communication with each other.

The vehicle M of the present embodiment has suspensions
each with a negative camber. The pneumatic tire 1 of the present
embodiment is suitably utilized for a vehicle having such a
negative camber. The negative camber is a fitting mounted such
that the tire (especially front tire) is inclined outward of the
vehicle from above to below as viewing the vehicle M from front.
In the case of a vehicle M having a negative camber, the inner
tread 21 of the tread portion 2 comes into contact with a road
surface more when the vehicle runs straight. Therefore, in order
to obtain sufficient traction performance when the vehicle runs
straight, it is preferable that a major part of the inner lateral
groove 31 extends in parallel to the axial direction of the tire
at not more than 20 degrees with respect to the axial direction

of the tire, more preferably not more than 10 degrees, more
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preferably in parallel to the axial direction of the tire. Also,
the major part of the inner lateral groove 3i means preferably
not less than 60 %, more preferably not less than 70 % of the
entire length of the essential portion of the inner lateral
groove 3i.

on the other hand, concerning the outer tire at the time
of cornering of the vehicle M (e.g., the left wheel when the
vehicle turns rightward), the outer tread 20 of the tread portion
2 easily come into contact with a road surface more. Thus, in
order to generate a friction force utilizing the edge of the
outer lateral groove 30 during cornering, a major part of the
outer lateral groove 30, e.g., not less than 60% of the outer
lateral groove 30, more preferably not less than 70% thereof is
inclined inward of the vehicle forward F and extended. As shown
in Fig.3, the angle 68 (theta 8) of the outer lateral groove 30
with respect to the axial direction of the tire is not especially
Timited, but the angle 68 is preferably not less than 1 degree,
more preferably not less than 10 degrees. If the angle 68 is too
large, there is an adverse possibility that the stability and
block rigidity when the vehicle runs straight are deteriorated.
From such a viewpoint, it is preferable that the angle 68 is not
more than 30 degrees, and more preferably not more than 25
degrees.

In this embodiment, six longitudinal grooves 4 are
provided between the lateral grooves 3, 3. That 1is, as shown in
Fig. 2, the longitudinal grooves 4 include a first longitudinal
groove 4a, a second longitudinal groove 4b, a third longitudinal
groove 4c, a fourth longitudinal groove 4d, a fifth longitudinal

groove 4e and a sixth longitudinal groove 4f which are disposed
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in this order from the side of the inner tread edge Ti to the

outer tread edge To. In this embodiment, these 1ongitudina1
grooves 4 extend substantially straight without being bent.

In this embodiment, the inner tread 2i is provided with
two longitudinal grooves 4 including the first longitudinal
groove 4a and the second longitudinal groove 4b. The outer tread
20 is provided with three longitudinal grooves 4 including the
fourth longitudinal groove 4d, the fifth longitudinal groove 4e
and the sixth longitudinal groove 4f. The third longitudinal
groove 4c extends in a location closest to the tire equator C.

In this embodiment, the third longitudinal groove 4c extends
across the tire equator C and astride the inner tread 2i and the
outer tread 2o.

The longitudinal grooves 4 comprise at least two inclined
longitudinal grooves 7 each between the lateral grooves 3, 3. As
viewed from above when the tire 1 is mounted on the vehicle, the
inclined longitudinal grooves 7 are inclined toward the inside of
the vehicle M while extending toward the traveling direction F of
the vehicle M. Also, each inclined longitudinal groove 7 has a
different angle with respect to the circumferential direction of
the tire, and each angle of the inclined longitudinal groove 7
becomes larger toward the outside of the vehicle M.

In this embodiment, the first longitudinal groove 4a
disposed closest to an innermost tread edge Ti is formed as a
circumferential Tongitudinal groove 6 extending in parallel to
the circumferential direction of the tire. The second to sixth
Tongitudinal grooves 4b to 4f are formed as the inclined
Tongitudinal grooves 7. As shown in Fig. 3, when the angles of

the second to sixth Tongitudinal grooves 4b to 4f formed between
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themsé]ves and the circumferential direction of the tire are
defined as angles 62 to 66, these angles are set such that the
following relation equation (1) is satisfied:

62 < 083 < 684 < 65 < 66 o (D).

when the angle of the inclined longitudinal groove 7 is
varied, the angle of the inclined longitudinal groove 7 with
respect to the circumferential direction of the tire is obtained
as a weighted average angle to which weight is assigned with a
groove length.

Fig. 4 shows a ground-contact surface shape (perspective
view of a ground-contact region of the tread portion as viewed
from a rotation axis of the tire) in a state where the pneumatic
tire 1 shown in Fig. 2 is in contact with a road surface with a
s1lip angle alpha. when the vehicle starts turning, a slip angle
alpha is applied to the tire 1. The slip angle alpha is an angle
formed between the vehicle straight running direction F and the
tire equator C. Concerning a tire 1 located on the outer side of
cornering, the ground-contact region of the tread portion 2 moves
outward of the vehicle substantially in proportional to the value
of the sTip angle alpha. Therefore, when the slip angle alpha is
applied, the inclined longitudinal groove 7 can come into contact
with the road surface in a state where the inclined longitudinal
groove 7 comes close to parallel to the straight traveling
direction F of the vehicle M in accordance with the slip angle
alpha.

For example, Fig. 4 shows a case in which a slip angle
alpha being equal to an angle 64 of the fourth longitudinal
groove 4d is given. If the ground-contact region includes the

fourth longitudinal groove 4d, the fourth longitudinal groove 4d

10
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can come into contact with the road surface in a state where the
fourth longitudinal groove 4d is substantially in parallel to the
vehicle straight running direction F. In other word, the edge of
the fourth lateral groove 4d comes into contact wit the road
surface in a sate where the greatest friction force S
(resistance) can be exhibited in a lateral slipping direction of
the vehicle.

when a greater slip angle alpha is given, the center of
the ground-contact region of the tread portion 2 moves toward the
outer tread edge To. At that time, the angle 65 of the fifth
longitudinal groove 4e which mainly comes into contact with the
road surface with respect to the circumferential direction of the
tire is also increased. Thus, even if the slip angle alpha is
increased, the effect similar to the above is passed down to the
fifth longitudinal groove 4e or sixth longitudinal groove 4f and
is exhibited. 1In this manner, the pneumatic tire 1 of the
present embodiment can exhibit high lateral grip performance at
the time of cornering.

when the vehicle runs straight, the ground-contact region
of the tread portion 2 is mainly close to the inner tread 2i.
Since the Tlongitudinal groove 4 closer to the inner side of the
vehicle has a relatively smaller angle with respect to the
circumferential direction of the tire, the tire 1 of the present
embodiment can prevent the straight running stability from being
deteriorated.

The advantageous working effect can be obtained by
providing at least two inclined longitudinal grooves 7 between
the lateral grooves 3 and by increasing the angle of the inclined

Tongitudinal grooves 7 with respect to the circumferential

11
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direction of the tire such that an inclined longitudinal groove 7
Tocated on the outer side has a greater angle. That is, the
advantageous effect can be obtained by satisfying at least one of

the following relations (2) to (5):

02 < 63 N @)
03 < 04 N E))
84 < 65 N C))
05 < 06 oo (5

However, in the pneumatic tire 1 located on the outer side
of the cornering state, the center of the ground-contact region
of the tread portion 2 moves toward the outer tread edge To.
Therefore, in order to exhibit the above effect more effectively,
it is preferable that not less than two, more preferably not less
than three inclined longitudinal grooves 7 are provided on the
outer tread edge 20. When a condition of the vehicle such as the
camber angle is taken into consideration, the inner tread 2i may
be provided with the circumferential longitudinal groove 6 only,
and the inclined longitudinal grooves 7 need not be provided.

The slip angle alpha given to the pneumatic tire 1 at the
time of cornering is 30 degrees at the most. Therefore, it is
preferable that the angles 62 to 66 of the longitudinal groove 4
including the inclined longitudinal groove 7 with respect to the
circumferential direction of the tire is not more than 30 degrees,
and more preferably not more than 25 degrees.

A difference between angles of inclined longitudinal
grooves 7 which are adjacent in the axial direction of the tire
(6i- 6i-1) (wherein, i is an integer not less than 2) is not
especially limited. However, if the difference of angles is too

small, there is an adverse possibility that the Tlateral grip

12
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performance can not be sufficiently enhanced if the slip angle
alpha is increased. From such a viewpoint, the difference of
angles (8i- 6;.1) is preferably not less than 1 degrees, and more
preferably not less than 3 degrees. If the difference of angles
(6i- 6i-1) 1s too large on the other hand, the pattern rigidity is
abruptly changed in the axial direction of the tire, and there is
an adverse possibility that the resistance to wear is
deteriorated. From such a viewpoint, it is preferable that the
difference of angles (8i- 6i-1) is not more than 10 degrees, and
more preferably not more than 6 degrees. 1In this embodiment, the
third longitudinal groove 4c to sixth Tongitudinal groove 4f are
disposed at substantially constant distances from one another iin
the axial direction of the tire (as measured from front ends of
the Tongitudinal grooves 4c to 4f), and the difference of angles
(6i- 0i-1) are also set substantially constant.

As shown in Fig. 2, a plurality of (concretely, four) long
blocks bl having a circumferential length being greater than its
axial length of the tire are formed between the outer lateral
grooves 3o0. Such long blocks bl have high rigidity in the
circumferential direction of the tire. Therefore, the traction
performance can sufficiently be enhanced when the vehicle runs
straight. The long blocks bl have edges which are long in the
circumferential direction of the tire (edges of the inclined
Tongitudinal grooves 7). Therefore, the lateral grip performance
can further be enhanced effectively.

I1f the number of inclined Tongitudinal grooves 7 between
the outer lateral grooves 30 are increased, the rigidity of the
lTong blocks bl in the axial direction of the tire are largely

deteriorated, and there is an adverse possibility that the edge

13
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can not effectively be utilized. From such a viewpoint, the
number of inclined longitudinal grooves 7 provided between the
outer lateral grooves 30 is preferably not more than 5, and more
preferably not more than 4. The inclined longitudinal grooves 7
disposed between the outer longitudinal grooves 30 do not include
a groove extending across the tire equator C.

As shown in Fig. 3, the inner tread 2i is provided with
auxiliary lateral grooves 5. Each of the auxiliary lateral
grooves 5 extends in the axial direction of the tire from the
first longitudinal groove 4a toward the tire equator C. The
auxiliary lateral groove 5 is in communication with the third
Tongitudinal groove 4c which extends across the tire equator C,
and the auxiliary lateral groove 5 is terminated thereto. The
auxiliary lateral groove 5 is provided at substantially
intermediate position between the inner lateral grooves 3i, 3i
which are adjacent in the circumferential direction of the tire.
In this embodiment, a distance between the longitudinal grooves 4
provided in the inner tread 2i in the axial direction of the tire
is set greater than the longitudinal groove 4 extending in the
outer tread 20.

with this configuration, a plurality of inner blocks are
provided on the inner tread 2i which include short blocks b2
having a circumferential length being smaller than the axial
Tength, and Tong blocks b3 located between the inner tread edge
Ti and the first longitudinal groove 4a.

when the vehicle M with the negative camber runs straight,
the inner tread portion 2i comes into road surface more.
Therefore, in order to sufficiently exhibit the traction

performance when the vehicle runs straight, a major part of the

14
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auxiliary lateral groove 5, e.g., not less than 60% of the
auxiliary lateral groove 5, more preferably not less than 70% of

the auxiliary lateral groove 5 makes not more than 20 degrees

with respect to the axial direction of the tire, more preferably

not more than 10 degrees, and more preferably parallel to the
axial direction of the tire like the inner lateral groove 3i.

The short block b2 has small rigidity in the
circumferential direction of the tire. Therefore, it is
preferable that the groove width wyi of the inner lateral groove
31 is smaller than a groove width wyo of the outer lateral groove
30, and durability of the short block b2 is secured. This
structure prevents the pattern rigidity of the inner tread 2i
from being deteridrated, and the edge component of the short
block b2 in the axial direction of the tire can be exhibited
effectively. on the other hand, the long blocks bl provided in
the outer tread 20 has higher rigidity. Accordingly, by
relatively increasing the groove width wyo of the outer lateral
groove 30 (Wyo > Wyi), the ground-contact pressure of the long
blocks bl can be enhanced, and the excellent lateral grip
performance can be exhibit when the vehicle M turns.

It is preferable that the groove width wyi of the inner
lTateral groove 3i and the groove width wyo of the outer lateral
groove 30 (the groove widths are measured at right angles with
respect to the groove center line) are formed substantially
constantly. Wwith this configuration, the ground-contact pressure
acting on the edges of the lateral grooves 3i and 3o can be
uniformed, and this can effectively prevent deviated wearing from
being generated.

Concerning the inside tire when the vehicle M turns (e.g.,

15
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the right tire when turning rightward when steering to the right),
the inner tread 2i comes into contact With the ground more, and
the inner tread 2i is dragged outward of the turning motion. At
that time, the long block b3 provided at an innermost side of the
inner tread portion 2i functions as a resistance at the time of
dragging and suppress the lateral slip. 1In order to enhance this
effect to the utmost, it is preferable that the first

Tongitudinal groove 4a extends in parallel to the circumferential
direction of the tire.

when the vehicle M turns, a load applied to an inner tire
of the turning motion is sﬁa11er than that applied to an outer
tire of the turning motion. Thus, it is preferable that a groove
width Gtl of the first longitudinal groove 4a is made the
greatest among the longitudinal grooves 4, the ground-contact
pressure of the long inner block b3 is enhanced, and the lateral
grip performance is also enhanced.

The second longitudinal groove 4b which is another
Tongitudinal groove 4 provided in the inner tread portion 2i is
formed as the inclined longitudinal groove 7 in this embodiment,
but this second longitudinal groove 4b may be formed as a
longitudinal groove 6 in the circumferential direction. when the
second longitudinal groove 4b is formed as the inclined
lTongitudinal groove 7, the angle 62 of the second longitudinal
groove 4b 1is preferably equal to or smaller than the angle 63 of
the third longitudinal groove 4c extending adjacently on the
outer side of the vehicle.

Although the present embodiment of the present invention
has been explained, the invention is not limited to the present

embodiment, and the invention can be carried out in various modes

16
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Comparative Test:

Pneumatic tires (size: 205/65R15) having the specification
shown in Table 1 were prototyped, and traction performance and
Tateral grip performance of the test tires were evaluated.
Portions which are not described in Table 1 are the same in both
embodiments and references.

The traction performance and lateral grip performance were
evaluated on a scale from 1 to 5 (the higher the numeric value
was, the better the result was) by a professional driver's

feeling under a condition that the test tires were mounted to all

wheels of a four-wheel drive vehicle (2000 cc) shown in Fig.1,

the vehicle was allowed to run on an off-road (unpaved road) test
course of 2.2 km length. The vehicle was of a negative camber,
and its angle is 2 degrees.

The traction performance was evaluated mainly at the time
of driving and deceleration when running straight. The lateral
grip performance was evaluated comprehensively concerning initial
response at the time of cornering, lateral slip during cornering,
and grip feeling at the time of acceleration at a corner outlet.
Time trial was tarried out on the test course, and running time
at that time was measured.

Results of the test are shown in Table 1.

17
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Table 1

Ref. 1 Example Ref. 2
tread pattern Fig. 5 Fig. 2 Fig. 2
<Angles of grooves>
First longitudinal _ 0 0
groove 61 (deg.)
Second longitudinal _ 5 -20
groove 62 (deg.)
Third longitudinal _ 10 _25
groove 63 (deg.)
Fourth longitudinal _ 15 -20
groove 64 (deg.) :
Fifth longitudinal _ 20 15
groove 65 (deg.)
Sixth Tongitudinal _ 25 -10
groove 06 (deg.)
Inner lateral groove 67 _ 0 0
(deg.)
%uter Tateral groove 68 _ 10 10

eg.

Aux?]iary Tateral groove _ 0 0
09 (deg.)
<Groov$ w1dt?> ]
Inner lateral groove Wyi -
(mm) : : 10 10
outer lateral groove Wyo _
(mm) 10 10
Traction performance 3 3 3
Lateral grip performance 2 4 3
Lap time (min/second) 1'41.47 1'40.91 1'41.32

"3

* A direction of lateral angle which is inclined inward of
vehicle forwardly as viewed from above of the tire is defined as

positive.

As a result of the test, it could be confirmed that in the
pneumatic tire of the example, the traction performance was not
deteriorated, the lateral grip performance was largely enhanced

and as a result, the running time could largely be shortened.

18
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The claims defining the invention are as follows:

1. A pneumatic tire (1) comprising

a tread portion (2) provided with a plurality of lateral grooves (3) and a plurality
of longitudinal grooves (4) extending between the lateral grooves (3) to form a block
pattern having a plurality of blocks (B).

the block pattern being designated directions to an inside and an outside of a
vehicle and the rotation when the tire is mounted on the vehicle.

the longitudinal grooves (4) comprising at least two inclined longitudinal grooves
(7) each extending between the adjacent two lateral grooves (3), and

when the tire (1) is mounted on the vehicle (M) and viewed from above,

the inclined longitudinal grooves (7) being inclined toward the inside of the
vehicle (M) while extending toward a traveling direction (F) of the vehicle (M),

the inclined longitudinal grooves (7) having a different inclination angle (8) with
respect to the circumferential direction of the tire (1), and

each of the inclined longitudinal grooves (7) having a larger inclination angle (8)
than that of the adjacent inner one, wherein the tread portion (2) comprises an axially
inner tread (2i) forming a region from the tire equator (C) to an inner tread edge (Ti)
corresponding to the inside of the vehicle (M),

the lateral grooves (3) include a plurality of inner lateral grooves (3i) extending
across the inner tread (2i),

at least one of the longitudinal grooves (4) is a first longitudinal groove (4a)
nearest the inner tread edge (Ti) and is provided between the adjacent two inner lateral
grooves (3i) to form inner blocks (b2, b3) on the inner tread (2i), characterized in that

the inner tread (2i) is further provided with auxiliary lateral grooves (5) each
extending in the axial direction of the tire (1) toward the tire equator (C) from the first
longitudinal groove (4a) between the adjacent inner lateral grooves (3i) whereby the
inner blocks (b2, b3) located between the adjacent inner lateral grooves (3i) includes:
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short blocks (b2) having a circumferential length smaller than its axial length on
both sides of the auxiliary lateral groove (5), and

a long block (b3) having a circumferential length greater than its axial length
between the inner tread edge (Ti) and the first longitudinal groove (4a).

2. The pneumatic tire according to claim 1, wherein

the tread portion (2) comprises an axially outer tread (20) forming a region from
the tire equator (C) to an outer tread edge (To) corresponding to the outside of the
vehicle (M),

the lateral grooves (3) include a plurality of outer lateral grooves (30) extending
across the outer tread (20), and

at least three of the inclined longitudinal grooves (7) are provided between the
adjacent two outer lateral grooves (30) to form long blocks (b1) having a circumferential
length being greater than its axial length on the outer tread (20).

3. The pneumatic tire according to claim 2, wherein

the angle (B) of the longitudinal grooves (7) is not more than 30 degrees with
respect to the circumferential direction of the tire,

the outer lateral grooves (30) incline toward the inside of the vehicle (M) while
extending toward the traveling direction (F), when the tire (1) is mounted on the vehicle
(M) and viewed from above, and

the inclination angle (88) of the outer lateral grooves (30) is not more than 30
degrees with respect to the axial direction of the tire (1).

4. The pneumatic tire according to claim 1, wherein

the tread portion (2) comprises an axially outer tread (2i) forming a region from
the tire equator (C) to an outer tread edge (Ti) corresponding to the outside of the vehicle
(M),

the lateral grooves (3) include a plurality of inner lateral grooves (3i) extending
across the inner tread (2i), and
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at least one of the longitudinal grooves (4) is provided between the adjacent two
inner lateral grooves (3i) to form inner blocks (b2, b3) on the inner tread (2i), and
the outer lateral grooves (30) have a groove width greater than that of the innder

lateral grooves (3i).

5. The pneumatic tire according to claim 1, wherein

the inner tread (2i) is provided with the longitudinal grooves (4) including the first
longitudinal groove (4a) and a second longitudinal groove (4b) being next to the first
longitudinal groove (4a)

the first longitudinal groove (4a) extends in parallel to the circumferential
direction of the tire (1),

the second longitudinal groove (4b) extends between the adjacent lateral
grooves (3) such as to be in parallel to the circumferential direction of the tire (1) or to
incline toward the inside of the vehicle (M) while extending toward the traveling direction
(F) when the tire (1) is mounted on the vehicle (M) and viewed from above, and

the angle (62) of the second longitudinal groove (4b) with respect to the
circumferential direction of the tire (1) is not more than the angle (84) of the longitudinal
groove (4d) adjacent to the second longitudinal groove (4b) outside of the vehicle.

6. The pneumatic tire according to claim 1, wherein the groove width of
the first longitudinal groove (4a) is the greatest among the longitudinal grooves (4).

7. The pneumatic tire according to claim 5, wherein the groove width of
the first longitudinal groove (4a) is the greatest among the longitudinal grooves (4).

8. The pneumatic tire according to claim 1, wherein

each longitudinal groove (4) extends substantially straight without bending.

9. The pneumatic tire according to claim 1, wherein

the number of the inclined longitudinal grooves (7) between the adjacent two
lateral grooves (3) is at least three in a region from the tire equator (C) to an outer tread
edge (To) corresponding to the outside of the vehicle (M).

’
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10. The pneumatic tire according to claim 1, wherein
the tire (1) has an identifying means to identify the designated directions on its

outer surface.

Dated 15 June, 2011
Sumitomo Rubber Industries, Ltd.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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FIG.2
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