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Description
TECHNICAL FIELD
[0001] The present invention relates to a pneumatic tire having a tread pattern formed in the tread portion.
BACKGROUND

[0002] Conventionally in pneumatic tires for use in winter as represented by, for example, studded tires, a tread pattern
that includes a plurality of grooves extending in the tire circumferential direction and the tire width direction is provided
in the tread portion, in order to ensure traction (driving performance) on snow. It is required that these pneumatic tires
have traction on snow, and also have no reduction in braking and driving performance on dry road surfaces with no snow.
[0003] It is known that by reducing the percentage of groove area in the tread portion, specifically reducing the area
of the grooves as a percentage of the ground contact area in the ground contact patch, and increasing the ground contact
area, the adhesion friction force is increased, and the performance of the pneumatic tire on ice is increased. On the
other hand, it is known that by increasing the groove area, the drainage characteristics are improved by the tread pattern
when the tire is rolling on a wet road surface with a water film.

[0004] There are pneumatic tires in which grooves are cyclically formed with a predetermined interval in the tire
circumferential direction, and by offsetting their phases on a first side and a second side in the tire width direction with
respect to the tire center line, the pattern noise is improved (for example, see Patent Document 1).

[0005] Also, there are pneumatic tires in which a center rib is provided in the center of the tread portion by forming a
plurality of grooves in the circumferential direction, and the occurrence of pattern noise is reduced while maintaining
drainage characteristics (for example, see Patent Document 2).

[0006] Also, there are pneumatic radial tires in which a plurality of inclined grooves is provided at intervals in the
circumferential direction inclined from the tire center line side towards the shoulder portion, and, with a structure in which
the end portions of the inclined grooves on the center line side are connected to adjacent other inclined grooves, heel
and toe wear is reduced (for example, see Patent Document 3).

PRIOR ART DOCUMENTS
Patent Documents
[0007]

Patent Document 1: Japanese Patent No. 4381787B
Patent Document 2: Japanese Unexamined Patent Application Publication No. H10-264612A
Patent Document 3: Japanese Unexamined Patent Application Publication No. H8-142613A

[0008] Document EP 2 460 672 A1 discloses a pneumatic tire comprising the features of the preamble of claim 1.
SUMMARY OF THE INVENTION
Problems To Be Solved By The Invention

[0009] However, if the ground contact area is increased and the adhesion friction force is raised in order to improve
the performance on ice of a pneumatic tire, the drainage characteristics are reduced by the reduction in groove area,
and the wet performance (turning performance and braking and driving performance on wet road surfaces) is reduced.
Also, the shear force in the snow column (snow column shear force) created by compressing snow into the grooves is
reduced, and the performance on snow (turning performance and braking performance on snow) is reduced.

[0010] On the other hand, when the groove area is increased in order to increase the drainage characteristics and the
snow column shear force, the ground contact area is reduced and the adhesion friction force is reduced, so the perform-
ance on ice (turning performance and braking and driving performance on ice) is reduced.

[0011] Therefore, an object of the present invention is to provide a pneumatic tire with higher performance on ice,
performance on snow, and wet performance.

Means for Resolving the Problems

[0012] One aspect of the present invention is a pneumatic tire. In the pneumatic tire, a tread pattern is formed in each



10

15

20

25

30

35

40

45

50

55

EP 2 853 416 B9

of half tread regions of a tread portion located on both sides in the tire width direction with a tire center line as a boundary.
[0013] Each half tread region includes:

a first inclined groove group having a plurality of first inclined grooves provided in the tire circumferential direction,
the first inclined grooves having positions located separated from the center line as starting ends and extending in
a first direction of the tire circumferential direction as well as at an inclination towards the outer side in the tire width
direction;

a first lug groove group having a plurality of first lug grooves provided in the tire circumferential direction, the first
lug grooves extending from the respective end portions on the outer side in the tire width direction of the first inclined
grooves as well as at an inclination towards the outer side in the tire width direction as far as ground contact edge,
and having an angle formed with the tire width direction smaller than an angle formed with the tire width of the first
inclined grooves;

a second inclined groove group having a plurality of second inclined grooves provided in the tire circumferential
direction, the second inclined grooves extending from the respective end portions on the outer side in the tire width
direction of the firstinclined grooves in the first direction of the tire circumferential direction as well as at an inclination
towards the inner side in the tire width direction; and

a third inclined groove group having a plurality of third inclined grooves provided in the tire circumferential direction,
the third inclined grooves extending from respective intermediate points on the first lug grooves in the first direction
of the tire circumferential direction as well as at an inclination to the outer side in the tire width direction, and having
an angle formed with the tire width direction larger than the angle formed with the tire width direction of the first lug
grooves. Each third inclined groove is closed without reaching another first lug groove located adjacent to each first
lug groove in the first direction.

[0014] In this case, preferably the pneumatic tire further includes branch grooves extending from respective interme-
diate points on the first inclined grooves towards the center line, each branch groove having a groove bottom shallower
than a groove bottom of the first inclined groove with a step at a branching position where each branch groove branches
from each firstinclined groove, and a groove depth of the branch groove being gradually shallower towards the center line.
[0015] Also, preferably the branch grooves are closed before reaching the center line. Each branch groove is demar-
cated by a first edge located on a side in the first direction, and a second edge located on a side in a direction opposite
to the first direction, and one of the first edge and the second edge extends in a curved line shape, and the other extends
in a straight line shape.

[0016] The branch grooves may be fourth inclined grooves extending in the first direction of the tire circumferential
direction and at an inclination to the inner side in the tire width direction.

[0017] Thebranch grooves may be fourth inclined grooves extending in a second direction opposite to the first direction
of the tire circumferential direction or may be grooves extending parallel to the tire width direction.

[0018] Also, preferably the pneumatic tire further includes branch grooves extending from respective intermediate
points on the first inclined grooves towards the center line. In this case, second lug grooves are provided between two
of the plurality of first lug grooves located adjacent to each other in the tire circumferential direction,, each extending
parallel to the first lug grooves, and when a distance in the tire circumferential direction between one of the first lug
grooves and one of the second lug grooves located adjacent to each other in the tire circumferential direction, is Le,
preferably the branching positions in the tire circumferential direction where the branch grooves branch from the first
inclined grooves are each located in a region 0.2 or greater and 0.8 or less times the distance Le away from a position
A in the tire circumferential direction at the ground contact edge of the first lug groove towards a position B in the tire
circumferential direction at the ground contact edge of the second lug groove.

[0019] Preferably the second lug grooves are provided between two of the plurality of first lug grooves located adjacent
to each other in the tire circumferential direction, each parallel to the first lug grooves.

[0020] Preferably the second inclined grooves each extends at least as far as another first inclined groove located
adjacent in the tire circumferential direction. Alternatively, the second inclined grooves each preferably passes through
and extends beyond another first inclined groove located adjacent in the tire circumferential direction.

[0021] Preferably the second lug grooves are provided between two of the plurality of first lug grooves located adjacent
to each other in the tire circumferential direction, each extending parallel to the first lug grooves, and the third inclined
grooves extend at least as far as the second lug grooves.

[0022] Also, preferably the second lug grooves are provided between two of the plurality of first lug grooves located
adjacent to each other in the tire circumferential direction, each extending parallel to the first lug grooves, and the third
inclined grooves pass through and extend beyond the second lug grooves.

[0023] In this case, preferably a groove width of portions of the second lug grooves on the inner side in the tire width
direction of crossing sections with the third inclined grooves is narrower than a groove width of portions on the outer
side in the tire width direction of the crossing sections with the third inclined grooves.
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[0024] Preferably the angle between the straight line joining both ends of each first inclined groove and the tire width
direction is from 50° to 80°.

[0025] Preferably the angle between the straight line joining both ends of each second inclined groove and the tire
width direction is from 10° to 65°.

[0026] Preferably the angle between the straight line joining both ends of each third inclined groove and the tire width
direction is from 50° to 80°.

[0027] Preferably the starting ends of the first inclined grooves of the first inclined groove group on a first side of the
center line are offset in the tire circumferential direction from the starting ends of the first inclined grooves of the first
inclined groove group on a second side by 1/10 to 4/10 of the average distance in the tire circumferential direction
between adjacent first inclined grooves.

[0028] In addition, preferably a plurality of sipes is provided in the land portions of the tread portion, and sipes provided
in the land portions enclosed by the first lug grooves, the first inclined grooves, the second inclined grooves, and the
tread ground contact edges are inclined with respect to sipes provided in the land portions on the inner side in the tire
width direction of the first inclined grooves and the second inclined grooves.

[0029] Preferably stud installation holes are provided in the land portions enclosed by the first lug grooves, the first
inclined grooves, the second inclined grooves, and the tread ground contact edges.

EFFECT OF THE INVENTION

[0030] According to the aspects as described above, it is possible to provide a pneumatic tire with higher performance
on ice, performance on snow, and wet performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

FIG. 1 is a perspective view illustrating a pneumatic tire according to an embodiment of the present inven-
tion;

FIG. 2 is a front view of a pneumatic tire according to the embodiment of the present invention;

FIG. 3 is a cross-sectional view taken along the line llI-1ll of FIG. 2;

FIG. 4 is a developed view illustrating a tread pattern of the pneumatic tire according to the embodiment
of the present invention;

FIG. 5 isadeveloped view llustrating a tread pattern of the pneumatic tire according to another embodiment

of the present invention; and
FIGS. 6A and 6B  are plan developed views of the tread patterns of the tire according to yet another embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Embodiments of the present invention will be described below in detail with reference to the drawings.

[0033] FIG. 1is aperspective view illustrating a pneumatic tire 10 according to an embodiment of the present invention.
The pneumatic tire 10 (hereafter referred to as tire 10) is a tire for a passenger car.

The structure and rubber members of the tire 10 according to the present invention may be either publicly known or
novel, and are not particularly limited in the present invention.

[0034] The tire width direction L is a direction parallel to the rotational axis Axis of the pneumatic tire 10. The outer
side in the tire width direction refers to sides in the two directions in the tire width direction L distant from the tire center
line CL (see FIG. 3). Also, the inner side in the tire width direction refers to sides in the two directions in the tire width
direction L approaching the tire center line CL. The tire rotation direction C is a direction in the tire circumferential direction
in which the tread portion T rotates about the tire rotational axis Axis when the tire is fitted to a vehicle and the vehicle
is traveling forward. The tire radial direction R is a direction orthogonal to the rotational axis Axis of the pneumatic tire.
The outer side in the tire radial direction is a side distant from the rotational axis Axis. Also, the inner side in the tire
radial direction is a side approaching the rotational axis Axis.

[0035] Tire ground contact edges E1, E2 and ground contact width W which are described below refer to the maximum
straight-line distance between the ground contact edges in the tire width direction L on the ground contact patch formed
on a flat plate when a load in the vertical direction is applied to the tire on the flat plate under conditions in which the tire
is fitted to a standard rim, the internal pressure of the tire is set to a prescribed internal pressure, for example, 200 kPa,
and the load is set to 88% of a prescribed load. Herein, "standard rim" refers to a "measuring rim" defined by the European
Tyre and Rim Technical Organisation (ETRTO), (2011 version). "Standard rim" also refers to an "applied rim" defined
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by the Japan Automobile Tyre Manufacturers Association (JATMA), or a "design rim" defined by the Tire and Rim
Association (TRA). Also, prescribed internal pressure refers to the "inflation pressures" defined by ETRTO. Alternatively,
the prescribed internal pressure can refer to the "maximum air pressure" defined by JATMA, or the maximum value of
the "tire load limits at various cold inflation pressures" defined by TRA. Also, the prescribed load refers to the "load
capacity" defined by ETRTO. Alternatively, the prescribed load can refer to the "maximum load capacity" defined by
JATMA, or the maximum value of the "tire load limits at various cold inflation pressures" defined by TRA.

(Tire Structure)

[0036] FIG. 2 is a front view of the pneumatic tire 10, and FIG. 3 is a cross-sectional view taken along the line IlI-1lI of
FIG. 2.

[0037] Asillustratedin FIG. 3, the tire 10 includes a carcass ply layer 12, a belt layer 14, and bead cores 16 as skeleton
members. The tire 10 mainly includes a tread rubber member 18, side wall rubber members 20, bead filler rubber
members 22, rim cushion rubber members 24, and an inner liner rubber member 26, around these skeleton members.
[0038] The carcass ply layer 12 is constituted of a carcass ply member which is formed in a toroidal shape wound
between a pair of circular ring shaped bead cores 16 and is made up of organic fiber coated with rubber. The carcass
ply layer 12 is wound around the bead cores 16. The belt layer 14 constituted of two belt members 14a, 14b is provided
on the outer side in the tire radial direction of the carcass ply layer 12. Each of the belt members 14a, 14b is a member
made up of steel cords coated with rubber and arranged at a predetermined angle, for example inclined at 20 to 30°, to
the tire rotation direction C, and the belt member 14b in the lower layer has a width in the tire width direction wider than
the width of the belt member 14a in the upper layer. The inclination directions of the steel cords of the two layers of the
belt members 14a, 14b are in the opposite direction to each other. Therefore, the belt members 14a, 14b are crossing
layers, and they reduce the expansion of the carcass ply layer 12 due to the inflation air pressure.

[0039] The tread rubber member 18 is provided on the outer side in the tire radial direction of the belt member 14a.
The tread rubber member 18 includes a first tread rubber member 18a forming the outermost layer, and a second tread
rubber member 18b provided on the inner side in the tire radial direction of the first tread rubber member 18a. The side
wall rubber members 20 are connected to both end portions of the tread rubber member 18 to form side portions. The
rim cushion rubber members 24 are provided at the ends on the inner sides in the tire radial direction of the side wall
rubber members 20, and come into contact with a rim on which the tire 10 is fitted. On the outer sides in the tire radial
direction of the bead cores 16, the bead filler rubber members 22 are provided so as to be held between the portion of
the carcass ply layer 12 that is not wound around the bead core 16 and the portion of the carcass ply layer 12 that is
wound around the bead core 16. An inner liner rubber member 26 is provided on the inner surface of the tire 10 facing
the tire cavity region that is enclosed by the tire 10 and the rim and is adapted for being filled with air. In addition, a belt
cover layer 15 made from organic fiber covered with rubber that covers the belt layer 14 from the outer side in the tire
radial direction of the belt layer 14 is provided to strengthen the belt layer 14. Also, the tire 10 can include a bead
reinforcing member between the carcass ply layer 12 wound around the bead core 16 and the bead filler rubber member
22.

[0040] The tire 10 has such a tire structure, but the structure of the pneumatic tire according to the present invention
is not limited to the tire structure illustrated in FIG. 1.

[0041] FIG. 4 is a developed view illustrating tread patterns 30A, 30B of the pneumatic tire 10. As illustrated in FIG.
4, in the tire 10 according to the present invention, the tread patterns 30A, 30B, which characterize the present invention,
are formed in the tread portion T in the half tread regions on both sides in the tire width direction bounded by the tire
center line CL. The tire 10 having the tread patterns 30A, 30B can be beneficially used as a tire for passenger cars. The
tread patterns illustrated in FIG. 4 are provided with stud installation holes for installing stud pins, but the stud installation
holes need not be provided in the tread patterns. As illustrated in FIG. 4, ridge shaped protrusions that extend linearly,
from around the stud installation holes, in a direction inclined with respect to the radial direction of the holes are provided
around the holes. The ridge shaped protrusions are formed in order to identify the mounting positions of the stud pins.
Asillustratedin FIG. 4, no sipe is provided in the region around the stud installation holes and the ridge shaped protrusions.
[0042] The tire rotation direction of the tire 10 according to the present invention is predetermined, and the tire 10 is
fitted to a vehicle so that the tire 10 rotates in the tire rotation direction C in FIG. 1 when the vehicle is moving forward.
Symbols and information indicating this rotational moving direction are displayed on the surfaces of the side wall rubber
members 20 of the tire 10. When the tire 10 rotates in the tire rotation direction C, the tread portion T moves in rotation
from top to bottom in FIG. 4, and the position where the tread portion T comes into contact with the road surface moves
from bottom to top in FIG. 4.

In FIG. 4, the symbol CL indicates the tire center line. With the tire 10 fitted to a vehicle, the tread patterns 30A, 30B
come into contact with the road surface in a region in the tire width direction indicated by the ground contact width W.
[0043] Here, the interval between the ground contact edges E1, E2 is the ground contact width W. The ground contact
edges E1, E2 are both end portions in the tire width direction of the ground contact patch when the tire 10 is brought
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into contact with a horizontal surface under conditions in which the tire 10 is fitted to a standard rim and is inflated at the
prescribed internal pressure, and a load to be applied is set to 88% of the prescribed load.

[0044] In the present invention, the tire width direction refers to a direction of the rotation central axis of the tire 10,
and the tire circumferential direction refers to a rotation direction of the rotation surface of the tread surface, the rotation
surface being formed when the tire 10 is rotated about the rotation central axis of the tire 10. FIG. 4 indicates these
directions.

The tread patterns 30A, 30B illustrated in FIG. 4 are each provided with a first inclined groove group having a plurality
of first inclined grooves 31, a first lug groove group having a plurality of first lug grooves 32, a second inclined groove
group having a plurality of second inclined grooves 33, and a third inclined groove group having a plurality of third inclined
grooves 34. The first inclined groove group, the first lug groove group, the second inclined groove group, and the third
inclined groove group are provided on both sides in the tire width direction bounded by the center line CL.

[0045] The plurality of firstinclined grooves 31 is provided in the tire circumferential direction. The first inclined grooves
31 have positions located separated from the center line CL as starting ends, extend in the opposite direction to the tire
rotation direction C, and extend at an inclination towards the outer side in the tire width direction. The first inclined
grooves 31 have a shape in which the groove width gradually widens towards the outer side in the tire width direction,
and the groove width gradually narrows towards the starting end. Preferably the angle between the straight line joining
the center point in the groove width direction at the starting end of the first inclined groove 31 (a tip when there is no
groove width at the starting point) and the center point in the groove width direction at the end of the first inclined groove
31 on the outer side in the tire width direction and the tire width direction is from 50° to 80°. Hereafter, this angle is
referred to as the inclination angle of the first inclined grooves 31. When the inclination angle of the first inclined grooves
31 is 50° or greater, the turning performance of the tire 10 (the turning performance on ice, snow, and on wet road
surfaces) is improved. On the other hand, when the inclination angle of the first inclined grooves 31 is 80° or less, the
braking performance of the tire 10 (the braking performance on ice, on snow, and on wet road surfaces) is improved.
[0046] If the starting ends of the first inclined grooves 31 of the first inclined groove group on a first side of the center
line CL are 3181, the starting ends of the first inclined grooves 31 of the first inclined groove group on a second side of
the center line CL are 31S2, the average interval in the tire circumferential direction between starting ends 31S1 and
between starting ends 31S2 is P, and the average interval in the tire circumferential direction between the starting end
3181 and the starting end 31S2 is P1, P1/P is preferably from 1/10 to 4/10. The traction (the driving performance) on
snow can be improved by offsetting the phases of the tread patterns in the circumferential direction on both sides of the
center line CL by from 10 to 40% (phase difference is from 0.1 to 0.3).

[0047] The plurality of first lug grooves 32 is provided in the tire circumferential direction. The first lug grooves 32
extend from the respective end portions on the outer side in the tire width direction of the first inclined grooves 31 in the
opposite direction to the tire rotation direction C and extend at an inclination towards the outer side in the tire width
direction beyond the ground contact edges. The connecting position between the first inclined groove 31 and the first
lug groove 32is provided at a position spaced 30 to 50% of a half of the ground contact width W from the tire center line CL.
The angle between the straight line joining the center points in the groove width direction at both end portions of the first
lug groove 32 and the tire width direction is smaller than the angle between the first inclined groove 31 and the tire width
direction. Hereatfter, this angle is referred to as the inclination angle of the first lug groove 32s. Preferably, the inclination
angle of the first lug groove 32s is from 10° to 20°. When the inclination angle of the first lug grooves 32 is within the
range from 10° to 20°, the balance between the turning performance and the braking performance of the tire is improved.
[0048] The plurality of second inclined grooves 33 is provided in the tire circumferential direction. The second inclined
grooves 33 extend from the respective end portions on the outer side in the tire width direction of the firstinclined grooves
31 in the opposite direction to the tire rotation direction C and extend at an inclination towards the inner side in the tire
width direction. The second inclined groove 33s have a shape in which the groove width gradually widens towards the
outer side in the tire width direction and gradually narrows towards the inner side in the tire width direction. Preferably
the angle between the straight line joining the center point in the groove width direction at the end on the inner side in
the tire width direction of the second inclined groove 33 (a tip when there is no groove width at the end on the inner side
in the tire width direction) and the center point in the groove width direction at the end on the outer side in the tire width
direction of the second inclined groove 33 and the tire width direction is from 10° to 65°. Hereafter, this angle is referred
to as the inclination angle of the second inclined grooves 33. When the inclination angle of the second inclined grooves
33 is 10° or greater, the turning performance of the tire is improved. On the other hand, when the inclination angle of
the second inclined grooves 33 is 65° or less, the braking performance of the tire is improved.

[0049] Preferably the second inclined groove 33 extends at least as far as another first inclined groove 31 located
adjacent in the tire circumferential direction. With the second inclined groove 33 extending as far as another first inclined
groove 31 located adjacent, sufficient drainage channels can be ensured. In addition, the second inclined groove 33
extends as far as another first inclined groove 31 located adjacent in the tire circumferential direction and terminates.
However, it is also preferable that the second inclined groove 33 passes through and extends beyond another first
inclined groove 31, as described hereafter. With the second inclined groove 33 passing through and extending beyond
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the first inclined groove 31, edges are created in multiple directions, increasing the friction force due to edges being
engaged with the ice (edge effect). Therefore, the braking on ice and turning on ice performances are improved, without
reducing the braking on snow, turning on snow, wet braking, and wet turning performances.

[0050] The plurality of third inclined grooves 34 is provided in the tire circumferential direction. The third inclined
grooves 34 extend from the respective intermediate points on the first lug grooves 32 in the opposite direction to the tire
rotation direction C and extend at an inclination towards the outer side in the tire width direction. The third inclined
grooves 34 have a shape in which the groove width gradually narrows towards the outer side in the tire width direction
and gradually widens towards the inner side in the tire width direction. The angle between the straight line joining the
center point in the groove width direction at the end on the inner side in the tire width direction of the third inclined groove
34 and the center point in the groove width direction at the end on the outer side in the tire width direction of the third
inclined groove 34 (a tip when there is no groove width at the end on the outer side in the tire width direction) and the
tire width direction L is greater than the angle between the first lug groove 32 and the tire width direction L. Hereafter,
this angle is referred to as the inclination angle of the third inclined grooves 34. Preferably the inclination angle of the
third inclined grooves 34 is from 50° to 80°. When the inclination angle of the third inclined grooves 34 is 50° or greater,
the turning performance of the tire is improved. On the other hand, when the inclination angle of the third inclined grooves
34 is 80° or less, the braking performance of the tire is improved.

[0051] Second lug grooves 35 may be provided in a region between two first lug grooves 32 located adjacent to each
other in the tire circumferential direction where the second lug grooves 35 extend parallel to first lug grooves 32 without
crossing with the first inclined grooves 31 and the second inclined grooves 33. Providing the second lug grooves 35
increases the edge effect and drainage effect of the tire 10, thereby improving the braking on ice, turning on ice, braking
on snow, turning on snow, wet braking, and wet turning performances.

[0052] As illustrated in FIG. 4, the third inclined groove 34 is closed without reaching as far as another first lug groove
32 located adjacent to the first lug groove 32 in the tire rotation direction C (first direction). In this way, it is possible to
ensure the tread rigidity of the land portions, and as described hereafter, it is possible to provide stud installation holes
45 with which stud pins can be installed in the land portions. If the second lug grooves 35 are provided, preferably the
third inclined grooves 34 extend at least as far as the second lug grooves 35, and more preferably, the third inclined
grooves 34 pass through and extend beyond the second lug grooves 35. With the third inclined groove 34 passing
through and extending beyond the second lug groove 35, the snow within the second lug groove 35 is compressed and
compacted to increase its resistance, so that the snow column shear force can be increased.

[0053] If the third inclined grooves 34 pass through and extend beyond the second lug grooves 35, preferably the
width of the portions 35A of the second lug grooves 35 on the inner side in the tire width direction of the crossing sections
with the third inclined grooves 34 is narrower than the width of the portions 35B on the outer side in the tire width direction
of the crossing sections with the third inclined grooves 34. When the width of the portions 35A of the second lug grooves
35 on the inner side in the tire width direction of the crossing sections with the third inclined grooves 34 is narrowed, the
area of land portions 41 enclosed by the first inclined grooves 31, the first lug grooves 32, the second inclined grooves
33, and the tread ground contact edges is increased, so that it is possible to increase the adhesion friction force.
[0054] Sipes 43 are provided in the land portions 41 enclosed by the first inclined grooves 31, the first lug grooves 32,
the second inclined grooves 33, and the tread ground contact edges. Also, sipes 44 are provided in land portions 42 on
the inner side in the tire width direction of the first inclined grooves 31 and the second inclined grooves 33. The sipes
44 extend substantially parallel to the tire width direction L. In contrast, the sipes 43 are preferably inclined with respect
to the sipes 44. With the sipes 43 being inclined with respect to the sipes 44, it is possible to increase the turning
performance of the tire 10.

[0055] Also, branch grooves 60 are provided, each extending from an intermediate point on the first inclined groove
31 towards the center line CL. The branch groove 60 preferably has a groove bottom that is shallower than the groove
bottom of the first inclined groove 31 with a step at the branching position where the branch groove 60 branches from
thefirstinclined groove 31. In this case, preferably the groove depth of the branch groove 60 becomes gradually shallower
towards the center line CL. In this way, it is possible to ensure the tread rigidity of the land portions 42 in the center
portion which are enclosed by the first inclined grooves 31 and the second inclined grooves 33 and through which the
center line CL passes. Thus, it is possible to improve the tire traction performance.

[0056] The branch groove 60 is a groove that is closed before reaching the center line CL, and the closed end is
pointed. The branch groove 60 is demarcated by a first edge 60a located on the tire rotation direction C (first direction)
side, and a second edge 60b located on the tire rotation direction C (first direction) side. In this case, preferably one of
the first edge 60a and the second edge 60b extends curved in a curved line shape, and the other extends in a straight
line shape, in order to improve the traction performance or the braking performance. In the tread pattern illustrated in
FIG. 4, the first edge 60a located in the tire rotation direction C (first direction) side has a curved shape, more specifically
a circular arc shape, and the second edge 60b has a straight line shape. In particular, as illustrated in FIG. 4, the first
edge 60a extends in the tire width direction, which is orthogonal to the tire rotation direction C, compared to the second
edge 60b. Thus, the first edge 60a is formed in a curved shape to increase its length, thereby allowing the traction
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performance to be increased. Here, "the first edge 60a extends in the tire width direction, which is orthogonal to the tire
rotation direction C, compared to the second edge 60b" means that the absolute value of the inclination angle of the
straight line that joins both end portions of the first edge 60a with respect to the tire width direction is smaller than the
absolute value of the inclination angle of the straight line that joins both end portions of the second edge 60b with respect
to the tire width direction.

[0057] Also, unlike the tread pattern illustrated in FIG. 4, if the second edge 60b extends in the direction orthogonal
to the tire rotation direction C more than the first edge 60a, preferably the second edge 60b is formed in a curved shape.
In this case, the second edge 60b is formed in a curved shape to increase its length, thereby allowing the braking
performance to be increased. Here, "the second edge 60b extends in the tire width direction more than the first edge
60a" means the absolute value of the angle of inclination of the straight line that joins both end portions of the second
edge 60b with respect to the tire width direction is smaller than the absolute value of the angle of inclination of the straight
line that joins both end portions of the first edge 60a with respect to the tire width direction.

[0058] In the first lug groove 32 and the second lug groove 35 located adjacent to each other in the tire circumferential
direction in the tread pattern illustrated in FIG. 4, if the distance in the tire circumferential direction between the position
A (the center position in the groove width direction) in the tire circumferential direction of the first lug groove 32 at the
ground contact edges E1, E2 and the position B (the center position in the groove width direction) in the tire circumferential
direction of the second lug groove 35 at the ground contact edges E1, E2 is Le, preferably the branching position in the
tire circumferential direction where the branch groove 60 branches from the first inclined groove 31 (the center position
in the groove width direction at the position of the branch of the branch groove 60) is located in a region extending, in
the tire circumferential direction from the position A to the position B, 20% to 80% the length of the distance Le. In this
way, the first lug groove 32, the branch groove 60, and the second lug groove 35 successively enter the ground contact
region which comes into contact with the ground surface; thus, it is possible to always effectively exhibit the function of
the edge component of the land portions, which affects the braking performance or the traction performance.

[0059] Also, the stud installation holes 45 are provided in the land portion 41 enclosed by the first inclined groove 31,
the first lug groove 32, the second inclined groove 33, and the tread ground contact edge, as illustrated in FIG. 4. By
installing stud pins, which are not illustrated in the drawings, in the stud installation holes, the tire 10 functions as a
studded tire, and the performance on ice, namely the braking on ice and the turning on ice performances, is improved.
[0060] According tothe pneumatic tire 10 as described above, itis possible to increase the performance on ice, namely
the braking on ice and turning on ice performances, while also increasing the performance on snow, namely the braking
on snow and turning on snow performances, and the wet performance, namely the wet braking and wet turning perform-
ances.

(Other Embodiments)

[0061] In this embodiment, the second inclined groove 33 in the tread pattern illustrated in FIG. 4 is formed so as to
extend to the first inclined groove 31. However, the tread pattern can be formed so as to have a branch groove extending
towards the center line CL from a branching position at an intermediate point on the first inclined groove 31 that is
different from the branching position illustrated in FIG. 4, while the second inclined groove 33 terminates at the first
inclined groove 31. FIG. 5 is a plan developed view of the tread pattern of the tire according to another embodiment of
the present invention.

[0062] For example, as illustrated in FIG. 5, fourth inclined grooves 36 extending in one direction of the tire circum-
ferential direction and extending at an inclination towards the inner side in the tire width direction from intermediate
points on the first inclined grooves 31 may be provided as branch grooves at approximately the same positions as the
positions B in the tire circumferential direction at the ground contact edges E1, E2 of the second lug grooves 35. Providing
the fourth inclined grooves 36 increases the edge effect in multiple directions, and the braking on ice and turning on ice
performances are increased, without reducing the braking on snow, turning on snow, wet braking, and wet turning
performances. In this case, the second inclined groove 33 need not pass through and extend beyond another firstinclined
groove 31 located adjacent in the tire circumferential direction.

[0063] FIGS. 6A and 6B are plan developed views of the tread pattern of the tire according to yet another embodiment
of the present invention. In FIGS. 6A and 6B, the sipes, the stud installation holes, and the stud pins have been omitted
from the drawings. As illustrated in FIG. 6A, the second inclined groove 33 passes through and extends beyond another
first inclined groove 31 located adjacent in the tire circumferential direction, and may be closed before reaching the tire
center line CL.

[0064] Also, asillustrated in FIG. 6B, the branch groove 60 that extends from an intermediate point on the first inclined
groove 31 towards the center line CL may extend in the rotation direction (second direction) of the tire circumferential
direction or may extend parallel to the tire width direction L. In this case, preferably the branching position of the branch
groove 60 from the first inclined groove 31 is located at an intermediate portion between the starting ends on the inner
side in the tire width direction of first inclined grooves 31 located adjacent to each other in the tire width direction. With
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the branching position located at the intermediate portion as described above, it is possible to reduce the fluctuation in
the block rigidity in the tire circumferential direction in the center land portion formed by being enclosed by first inclined
grooves 31 that are arranged in the tire circumferential direction, second inclined grooves 33, and center line CL.
[0065] As illustrated in FIG. 4, the groove width of the first inclined groove 31 is substantially constant in the center
portion in the extending direction of the first inclined groove 31, but in a portion on the end side within a certain range
from the starting end, the groove width is gradually reduced as the starting end on the inner side in the tire width direction
is approached. In this case, as illustrated in FIGS. 6A and 6B, the extent of the rate of reduction in groove width may
be freely set.

[0066] Preferably the portion of the second inclined groove 33 that passes through and extends beyond another first
inclined groove 31 located adjacent in the tire circumferential direction as illustrated in FIG. 6A and the position at which
the branch groove 60 extends from the first inclined groove 31 have a groove bottom shallower than the groove bottom
of the first inclined groove 31 with a step. In this case, preferably the groove depth of these grooves become gradually
shallower towards the center line CL.

(Experiment Examples)

[0067] In order to investigate the effect of the tread patterns 30A, 30B of the tire 10 according to the present invention,
tires were produced provided with tread patterns conforming to the specifications shown in Tables 1 to 3, and their
performances were evaluated.

[0068] The tire size was 205/55R16. The vehicle used to evaluate the tire performance was a front engine, front wheel
drive (FF) vehicle with a 2000 cc class engine displacement. The internal pressure condition was 230 (kPa) for both the
front wheels and rear wheels. The load on the tires was 450 kgf for the front wheels and 300 kgf for the rear wheels.
[0069] In the tires according to Working Examples 1 to 13 shown in the following Table 1, the first inclined grooves
31, the second inclined grooves 33, the third inclined grooves 34, the first lug grooves 32, and the sipes 43, 44 were
formed in the tread portion T. The inclination angles of the first inclined groove 31, the second inclined groove 33, and
the third inclined groove 34 are as shown in Table 1. Here, the inclination angle of the first inclined groove 31 is the
angle between the straight line that joins both ends of the first inclined groove 31 and the tire width direction L. Likewise,
the inclination angle of the second inclined groove 33 is the angle between the straight line that joins both ends of the
second inclined groove 33 and the tire width direction L. Also, the inclination angle of the third inclined groove 34 is the
angle between the straight line that joins both ends (if the end has a groove width, the center in the groove width direction
shall be the end) of the third inclined groove 34 and the tire width direction L.

[0070] The tire according to Working Example 14 illustrated in Table 2 is the same as the tire according to Working
Example 3 except that in addition the second inclined groove 33 reaches the first inclined groove 31.

The tire according to Working Example 15 is the same as the tire according to Working Example 14 except that in addition
the second inclined groove 33 passes through and extends beyond the first inclined groove 31.

The tire according to Working Example 16 is the same as Working Example 15 except that in addition the second lug
groove 35 is formed between first lug grooves 32.

[0071] The tire according to Working Example 17 is the same as the tire according to Working Example 16 except
that the third inclined groove 34 reaches the second lug groove 35. In this case, the third inclined groove 34 is closed
without reaching a first inclined groove 31 located adjacent in the tire circumferential direction.

The tire according to Working Example 18 is the same as the tire according to Working Example 17 except that in addition
the third inclined groove 34 passes through and extends beyond the second lug groove 35. In this case, the third inclined
groove 34 is closed without reaching a first inclined groove 31 located adjacent in the tire circumferential direction.
The tire according to Working Example 19 is the same as the tire according to Working Example 18 except that in addition
the width of the second lug groove 35 is changed between the portion on the outer side in the tire width direction of the
crossing section with the third inclined groove 34 and the portion on the inner side in the tire width direction.

[0072] The tire according to Working Example 20 is the same as the tire according to Working Example 19 except
that when P is the average interval in the tire circumferential direction between starting ends of the first inclined grooves
31, the positions of the starting ends of the first inclined grooves 31 in the left and right tread patterns are offset by 0.3P
(a phase difference of 0.3). The tire according to Working Example 21 is the same as the tire according to Working
Example 20 except that the sipes 43 provided in the land portions 41 enclosed by the first lug grooves 32, the first inclined
grooves 31, the second inclined grooves 33, and tread ground contact edges are inclined by 10° to the sipes 44 provided
in the land portions 42 on the inner side in the tire width direction of the first inclined grooves 31 and the second inclined
grooves 33. The tire according to Working Example 22 is the same as the tire according to Working Example 21 except
that in addition, the fourth inclined grooves 36 illustrated in FIG. 5 are formed.

The tire according to Working Example 23 is the same as the tire according to Working Example 22 except that stud
pins are installed in the stud installation holes 45. Note that, in Working Examples 1 to 22, stud pins were not installed
in the stud installation holes 45.
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[0073] Comparative Example 1 shown in the following Table 2 is a conventional tire, with the first inclined grooves 31,
the first lug grooves 32, and the sipes only formed in the tread portion T. The inclination angle of the first inclined grooves
31 was 75°.

In Comparative Example 2, in addition to the modification according to Comparative Example 1, the second inclined
grooves 33 were formed in the tread portion T. The inclination angle of the second inclined grooves 33 was 35°. In
Comparative Example 3, in addition to the modification according to Comparative Example 1, the third inclined grooves
34 were formed in the tread portion T. The inclination angle of the third inclined grooves 34 was 75°.

Note that in Comparative Examples 1 to 3, stud pins were not installed in the stud installation holes 45.

In Comparative Example 4, the third inclined groove 34 illustrated in FIG. 4 reaches the first lug groove 32 located
adjacent in the direction opposite to tire rotation direction C and connects to this first lug groove. In each of Comparative
Examples 1 to 3, the third inclined groove 34 does not reach the first lug groove 32 located adjacent.

[0074] Working Examples 24 to 26 shown in the following Table 3 are examples in which, in the tread pattern illustrated
in FIG. 4, the shapes of the first edges 60a and the second edges 60b of the branch grooves 60 are changed to a curved
shape (circular arc shape) or a straight line shape. The branching positions of the branch grooves 60 are provided at
positions located separated, in the tire circumferential direction, from the positions in the tire circumferential direction of
the first inclined grooves by 0.5 times the distance Le (the distance in the tire circumferential direction between the
position A in the tire circumferential direction of the first lug groove 32 and the position B in the tire circumferential
direction of the second lug groove 35, as illustrated in FIG. 4). In other words, the branch groove 60 is provided at a
position intermediately between the first lug groove 32 and the second lug groove 35.

Working Examples 27 to 31 are examples in which, in the tread pattern illustrated in FIG. 4, the branching position of
the branch groove 60 is represented by the distance axLe from the position in the circumferential direction of the first
lug groove, where ais varied from 0.15 to 0.85. The shapes of the first edges 60a of the branch grooves 60 are a curved
shape, and the shapes of the second edges 60b are a straight line shape. In Working Examples 24 to 31, stud pins were
fitted.

[0075] The tire performance of the tires produced as prototypes as described above were evaluated for braking on
snow, turning on snow, wet braking, wet turning, braking on ice, and turning on ice performances as described below.
For braking on snow, the tires traveled on a snow-covered road surface in an outdoor tire testing ground, and the braking
distance when a brake was applied fully from a speed of 40 km per hour was measured five times, and the average
braking distance was obtained. The evaluation was carried out by taking the inverse of the measured values and
expressing the values as an index with the inverse of the measured value for Comparative Example 1 as 100. A larger
index value indicates superior braking performance on snow.

[0076] For turning on snow, turning in a circle at a turning radius of 30 m was carried out five times on a snow-covered
road surface in the outdoor tire testing ground, and the average circulating time was obtained. The evaluation was carried
out by taking the inverse of the measured values and expressing the values as an index with the inverse of the measured
value for Comparative Example 1 as 100. A larger index value indicates superior turning performance on snow.
[0077] For braking on ice, the tires traveled on an icy road surface in the outdoor tire testing ground, the braking
distance when a brake was applied fully from a speed of 40 km per hour was measured five times, and the average
braking distance was obtained. The evaluation was carried out by taking the inverse of the measured values and
expressing the values as an index with the inverse of the measured value for Comparative Example 1 as 100. A larger
index value indicates superior braking performance on ice.

[0078] Forturning on ice, turning in a circle at a turning radius of 30 m was carried out five times on an icy road surface
in an outdoor tire testing ground, and the average circulating time was obtained. The evaluation was carried out by taking
the inverse of the measured values and expressing the values as an index with the inverse of the measured value for
Comparative Example 1 as 100. A larger index value indicates superior turning performance on snow.

[0079] For wet braking, the tires traveled on a wet road surface with a water depth of 1.0 mm or more in the outdoor
tire testing ground, the braking distance when the brake was applied fully from a speed of 40 km per hour was measured
five times, and the average braking distance was obtained. The evaluation was carried out by taking the inverse of the
measured values, and expressing the values as an index with the inverse of the measured value for Comparative
Example 1 as 100. A larger index value indicates superior braking performance on ice.

[0080] For wet turning, turning in a circle at a turning radius of 30 m was carried out five times on a wet circular turning
circuit with a wet road surface (skid pad) in the outdoor tire testing ground, and the average circulating time was obtained.
The evaluation was carried out by taking the inverse of the measured values and expressing the values as an index
with the inverse of the measured value for Comparative Example 1 as 100. A larger index value indicates superior turning
performance on ice.

[0081] Cases when each value for braking on snow, turning on snow, wet braking, wet turning, braking on ice, and
turning on ice is 102 or less were evaluated that there was no significant difference from Comparative Example 1, and
cases when the value is 103 or greater were evaluated better than Comparative Example 1.

The evaluation results are shown in Tables 1 to 3.
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[Table 1]
Working Examples
1 2 3 4 5 6 7
_Incl_lnat|on angle of first 45 50 75 80 85 75 75
inclined groove (degrees)
Presence or absence of
_secc_)nd _|ncl|ned groove, and 35 35 35 35 35 5 10
inclination angle thereof
(degrees)
Presence or absence of third
inclined groove, and 75 75 75 75 75 75 75
inclination angle thereof
(degrees)
Presence or absence of first Pre- Pre- Pre- Pre- Pre- Pre- Pre-
lug groove sence | sence | sence | sence | sence | sence | sence
Presenc_e or absence of Ab- Ab- Ab- Ab- Ab- Ab- Ab-
second inclined groove
reaching first inclined groove sence | sence | sence | sence | sence | sence | sence
Presence or absence of
second inclined groove Ab- Ab- Ab- Ab- Ab- Ab- Ab-
passing through first inclined | sence | sence | sence | sence | sence | sence | sence
groove
Presence or absence of Ab- Ab- Ab- Ab- Ab- Ab- Ab-
second lug groove sence | sence | sence | sence | sence | sence | sence
Presence or absence of third
inclined groove reaching Ab- Ab- Ab- Ab- Ab- Ab- Ab-
another adjacent first lug sence | sence | sence | sence | sence | sence | sence
groove
Presence or asence of third Ab- Ab- Ab- Ab- Ab- Ab- Ab-
inclined groove reaching
second Iug groove sence | sence | sence | sence | sence | sence | sence
_Pre§ence or absence_of third Ab- Ab- Ab- Ab- Ab- Ab- Ab-
inclined groove passing
through second lug groove sence | sence | sence | sence | sence | sence | sence
Presence or absence of Ab- Ab- Ab- Ab- Ab- Ab- Ab-
change in second lug groove
width sence | sence | sence | sence | sence | sence | sence
Left-right phase difference Ab- Ab- Ab- Ab- Ab- Ab- Ab-
(pitch) sence | sence | sence | sence | sence | sence | sence
Inclination angle of sipe 0° 0° 0° 0° 0° 0° 0°
(degrees)
Presence or absence of Ab- Ab- Ab- Ab- Ab- Ab- Ab-
fourth inclined groove sence [ sence | sence | sence [ sence | sence | sence
Presence or absence of stud Ab- Ab- Ab- Ab- Ab- Ab- Ab-
pin being fitted sence | sence | sence | sence | sence | sence | sence
Braking on ice 110 110 108 106 104 110 110
Turning on ice 103 104 110 110 112 105 107
Braking on snow 110 110 108 105 103 110 110
Turning on snow 103 105 110 110 112 104 107
Wet braking 108 108 106 105 103 110 110
Wet turning 103 104 110 110 112 104 106
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Working Examples

8 9 10 11 12 13
_Incl_lnat|on angle of first 75 75 75 75 75 75
inclined groove (degrees)
Presence or absence of
_secc_)nd _|ncl|ned groove, and 60 65 35 35 35 35
inclination angle thereof
(degrees)
Presence or absence of third
inclined groove, and 75 75 45 50 80 85
inclination angle thereof
(degrees)
Presence or absence of first Pre- Pre- Pre- Pre- Pre- Pre-
lug groove sence | sence | sence | sence | sence | sence
Presenc_e or absence of Ab- Ab- Ab- Ab- Ab- Ab-
second inclined groove
reaching first Inclined groove sence | sence | sence | sence | sence | sence
Presence or absence of
second inclined groove Ab- Ab- Ab- Ab- Ab- Ab-
passing through first inclined | sence | sence | sence | sence | sence | sence
groove
Presence or absence of Ab- Ab- Ab- Ab- Ab- Ab-
second lug groove sence | sence | sence | sence [ sence [ sence
Presence or absence of third
inclined groove reaching Ab- Ab- Ab- Ab- Ab- Ab-
another adjacent first lug sence | sence | sence | sence | sence | sence
groove
second lug groove sence | sence | sence | sence | sence | sence
_Pre§ence or absence_of third Ab- Ab- Ab- Ab- Ab- Ab-
inclined groove passing
through second lug groove sence | sence | sence | sence | sence | sence
Presence or absence of
change in second lug groove Ab- Ab- Ab- Ab- Ab- Ab-
width sence | sence | sence | sence | sence | sence
Left-right phase difference Ab- Ab- Ab- Ab- Ab- Ab-
(pitch) sence | sence | sence | sence | sence | sence
Inclination angle of sipe 0o 0o 0o 0o 0o 0o
(degrees)
Presence or absence of Ab- Ab- Ab- Ab- Ab- Ab-
fourth inclined groove sence | sence | sence | sence | sence | sence
Presence or absence of stud Ab- Ab- Ab- Ab- Ab- Ab-
pin being fitted sence | sence | sence | sence | sence | sence
Braking on ice 107 105 111 111 106 104
Turning on ice 111 111 105 106 111 111
Braking on snow 107 107 112 112 105 104
Turning on snow 111 111 104 105 111 111
Wet braking 105 103 110 110 105 104
Wet turning 111 111 104 105 111 111
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[Table 2]
Working Examples

14 15 16 17 18 19 20
Inclination angle of first
inclined groove (degrees) /> /5 /5 /> /> /> /5
Presence or absence of
_secc_)nd .|ncI|ned groove, and 35 35 35 35 35 35 35
inclination angle thereof
(degrees)
Presence or absence of third
Inclined groove, and 75 75 75 75 75 75 75
inclination angle thereof
(degrees)
Presence or absence of first Pre- Pre- Pre- Pre- Pre- Pre- Pre-
lug groove sence | sence | sence | sence | sence | sence sence
zgizigciengﬁnae%se:ggv%f Pre- Pre- Pre- Pre- Pre- Pre- Pre-
reaching first inc?lined groove sence | sence | sence | sence | sence | sence sence
Presence or absence of
second inclined groove Ab- Pre- Pre- Pre- Pre- Pre- Pre-
passing through first inclined | sence | sence | sence | sence | sence | sence sence
groove
Presence or absence of Ab- Ab- Pre- Pre- Pre- Pre- Pre-
second lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of third
inclined groove reaching Ab- Ab- Ab- Ab- Ab- Ab- Ab-
another adjacent first lug sence | sence | sence | sence | sence | sence sence
groove
Presence or absence of third
inclined groove reaching Ab- Ab- Ab- Pre- Pre- Pre- Pre-
second lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of third
inclined groove passing Ab- Ab- Ab- Ab- Pre- Pre- Pre-
through second lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of
change in second lug groove Ab- Ab- Ab- Ab- Ab- Pre- Pre-
width sence | sence | sence | sence | sence | sence sence
Left-right phase difference Ab- Ab- Ab- Ab- Ab- Ab- 0.3
(pitch) sence | sence | sence | sence | sence | sence '
Inclination angle of sipe o ° ° ° ° o o
(degrees) 0 0 0 0 0 0 0
Presence or absence of
fourth inclined groove Ab- Ab- Ab- Ab- Ab- Ab- Ab-
(branch groove) sence | sence | sence | sence | sence | sence sence
Presence or absence of stud Ab- Ab- Ab- Ab- Ab- Ab- Ab-
pin being fitted sence | sence | sence | sence | sence | sence sence
Braking on ice 108 110 112 112 113 114 114
Turning on ice 107 108 109 111 112 111 112
Braking on snow 108 110 112 112 113 114 114
Turning on snow 107 107 108 109 110 110 111
Wet braking 106 108 109 110 110 110 110
Wet turning 106 107 108 108 108 108 109
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Working Examples

Comparative Examples

21 22 23 1 2 3 4
_Incl_lnatlon angle of first 75 75 75 75 75 75 75
inclined groove (degrees)
Presence or absence of
_secc_)nd _mcllned groove, and 35 35 35 Ab- 35 Ab- 35
inclination angle thereof sence sence
(degrees)
Presence or absence of third
!ncl!ned_ groove, and 75 75 75 Ab- Ab- 75 75
inclination angle thereof sence | sence
(degrees)
Presence or absence of first Pre- Pre- Pre- Pre- Pre- Pre- Pre-
lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of
second inclined groove Pre- Pre- Pre- Ab- Ab- Ab- Pre-
reaching first inclined groove sence | sence | sence | sence | sence | sence sence
Presence or absence of
second inclined groove Pre- Ab- Ab- Ab- Ab- Ab- Pre-
passing through first inclined | sence | sence | sence | sence | sence | sence sence
groove
Presence or absence of Pre- Pre- Pre- Ab- Ab- Ab- Pre-
second lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of third
inclined groove reaching Ab- Ab- Ab- Ab- Ab- Ab- Pre-
another adjacent first lug sence | sence | sence | sence | sence | sence sence
groove
Presence or absence of third Pre- Pre- Pre- Ab- Ab- Ab- Pre-
;récclér;]%dlggogsloeo\l;:achmg sence | sence | sence | sence | sence | sence sence
Presence or absence of third
inclined groove passing Pre- Pre- Pre- Ab- Ab- Ab- Pre-
through second lug groove sence | sence | sence | sence | sence | sence sence
Presence or absence of
change in second lug groove Pre- Pre- Pre- Ab- Ab- Ab- Pre-
width sence | sence | sence | sence | sence | sence sence
Left-right phase difference Ab- Ab- Ab-
(pitch) 0.3 0.3 0.3 sence | sence | sence 0.3
Inclination angle of sipe 10° 10° 10° 0° 0° 0° 10°
(degrees)
Presenge or absence of Ab- Pre- Pre- Ab- Ab- Ab- Ab-
fourth inclined groove
(branch groove) sence | sence | sence | sence | sence | sence sence
Presence or absence of stud Ab- Ab- Pre- Ab- Ab- Ab- Ab-
pin being fitted sence | sence | sence | sence | sence | sence sence
Braking on ice 114 116 130 100 104 103 101
Turning on ice 113 114 128 100 103 104 101
Braking on snow 114 115 115 100 102 103 102
Turning on snow 112 114 114 100 103 102 102
Wet braking 110 113 113 100 102 104 102
Wet turning 110 112 112 100 103 102 102
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(Presence or absence of Second Inclined Groove and Third Inclined Groove)

[0082] The difference in the turning performance and the braking performance due to the presence or absence of the
second inclined groove 33 and the third inclined groove 34 was examined with reference to Working Example 3 and
Comparative Examples 1 to 3.

[0083] Comparing Working Example 3 with Comparative Examples 1 to 3, it can be seen that the turning performance
and the braking performance on ice, on snow, and on wet road surfaces are each improved when both the second
inclined groove 33 and the third inclined groove 34 are provided (Working Example 3) more than the cases where both
the second inclined groove 33 and the third inclined groove 34 are absent (Comparative Example 1), where the third
inclined groove 34 is absent (Comparative Example 2), and where the second inclined groove 33 is absent (Comparative
Example 3).

(Optimum Angle of First Inclined Groove)

[0084] The inclination angle of the first inclined groove 31 was varied within Working Examples 1 to 5, with Working
Example 3 as a center. Examining Working Examples 1 to 5, it can be seen that the greater the inclination angle of the
first inclined groove 31, the greater the edge effect with respect to the lateral direction, so the turning performance is
improved. On the other hand, the greater the inclination angle of the first inclined groove 31, the greater the reduction
in the edge effect with respect to the longitudinal direction, so it can be seen that the braking performance becomes
poorer. It can be seen that when the inclination angle of the first inclined groove 31 is in the range from 50° to 80°, there
is a good balance between the turning performance and the braking performance, which is desirable.

(Optimum Angle of Second Inclined Groove)

[0085] The inclination angle of the second inclined groove 33 was varied within Working Examples 6 to 9, with Working
Example 3 as a center. Examining Working Example 3 and Working Examples 6 to 9, it can be seen that the greater
the inclination angle of the second inclined groove 33, the greater the edge effect with respect to the lateral direction,
so the turning performance is improved. On the other hand, the greater the inclination angle of the second inclined
groove 33, the greater the reduction in the edge effect with respect to the longitudinal direction, so it can be seen that
the braking performance becomes poorer. It can be seen that when the inclination angle of the second inclined groove
33isintherange from 10° to 65°, there is a good balance between the turning performance and the braking performance,
which is desirable.

(Optimum Angle of Third Inclined Groove)

[0086] The inclination angle of the third inclined groove 34 was varied with Working Examples 10 to 13, with Working
Example 3 as a center. Examining Working Example 3 and Working Examples 10 to 13, it can be seen that the greater
the inclination angle of the third inclined groove 34, the greater the edge effect with respect to the lateral direction, so
the turning performance is improved. On the other hand, the greater the inclination angle of the third inclined groove 34,
the greater the reduction in the edge effect with respect to the longitudinal direction, so it can be seen that the braking
performance becomes poorer. It can be seen that when the inclination angle of the third inclined groove 34 is in the
range from 50° to 80°, there is a good balance between the turning performance and the braking performance, which
is desirable.

(Presence or Absence of Second Inclined Groove Reaching First Inclined Groove)

[0087] Comparing Working Example 3 with Working Example 14, it can be seen that the turning performance and the
braking performance of the case in which the second inclined groove 33 reaches the first inclined groove 31 (Working
Example 14) are equivalent to those of the case where the second inclined groove 33 does not reach the first inclined
groove 31 (Working Example 3).

(Presence or Absence of Second Inclined Groove Passing Through First Inclined Groove)

[0088] Comparing Working Example 14 with Working Example 15, it can be seen that the braking performance on
ice, the braking performance on snow, and the wet braking performance are higher, and the turning performance on ice
and the wet braking performance are fairly higher in the case where the second inclined groove 33 passes through the
first inclined groove 31 (Working Example 15) than in the case where the second inclined groove 33 does not pass
through the first inclined groove 31 (Working Example 14).
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(Presence or Absence of Second Lug Groove)

[0089] Comparing Working Example 15 with Working Example 16, it can be seen that the braking performance on ice
and the braking performance on snow are higher, and the wet braking performance, the turning performance on ice, the
turning performance on snow, and the wet turning performance are fairly higher in the case where the second lug groove
35 is present (Working Example 16) than in the case where the second lug groove 35 is absent (Working Example 15).

(Presence or Absence of Third Inclined Groove Reaching Second Lug Groove)

[0090] Comparing Working Example 16 with Working Example 17, it can be seen that the turning performance on ice
is higher, and the turning performance on snow and the wet braking performance are also higher in the case where the
third inclined groove reaches the second lug groove 35 (Working Example 17) than in the case where the third inclined
groove does not reach the second lug groove 35 (Working Example 16).

(Presence or Absence of Third Inclined Groove Passing Through Second Lug Groove)

[0091] Comparing Working Example 17 with Working Example 18, it can be seen that the braking performance on
ice, the braking performance on snow, the turning performance on ice, and the turning performance on snow are fairly
higher in the case where the third inclined groove passes through the second lug groove 35 (Working Example 18) than
in the case where the third inclined groove does not pass through the second lug groove 35 (Working Example 17).

(Presence or Absence of Change in Second Lug Groove Width)

[0092] Comparing Working Example 18 with Working Example 19, it can be seen that the braking performance on ice
and the braking performance on snow are fairly higher in the case where there is a change in the width of the second
lug groove 35 at the portion on the inner side and the portion on the outer side in the tire width direction L of the crossing
section of the second lug groove 35 with a third lug groove (Working Example 19) than in the case where there is no
change in width of the second lug groove 35 (Working Example 18). On the other hand, it can be seen that the turning
performance on ice is fairly higher in the case where there is no change in the width of the second lug groove (Working
Example 18).

(Left-Right Phase Difference (Pitch))

[0093] Comparing Working Example 19 with Working Example 20, it can be seen that the turning performance on ice,
the turning performance on snow, and the wet turning performance are fairly higher in the case where the phase difference
is 0.3 (Working Example 20) than in the case where there is no phase difference between the left and right tread patterns
(Working Example 19).

(Inclination Angle of Sipe)

[0094] Comparing Working Example 20 with Working Example 21, it can be seen that the turning performance on ice,
the turning performance on snow, and the wet turning performance are fairly higher in the case where the sipes 43 are
inclined at 10° to the sipes 44 (Working Example 21) than in the case where the directions of all the sipes 43, 44 are
substantially the same as the tire width direction L (Working Example 20).

(Presence or Absence of Fourth Inclined Groove (Branch Groove))

[0095] Comparing Working Example 21 with Working Example 22, it can be seen that in particular the wet braking
performance is higher in the case where the fourth inclined groove 36 is present (Working Example 22) than in the case
where the fourth inclined groove 36 is absent (Working Example 21). Also, it can be seen that the braking performance
on ice, the turning performance on snow, and the wet turning performance are higher, and the braking performance on
snow and the turning performance on ice are fairly higher.

(Presence or Absence of Stud Pins Being Fitted)
[0096] Comparing Working Example 22 with Working Example 23, it can be seen that the braking performance on

ice, the turning performance on ice, the braking performance on snow, the turning performance on snow, the wet braking
performance, and the wet turning performance are all higher in the case where the stud pins are fitted (Working Example
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23) than in the case where the stud pins are not fitted (Working Example 22).
(Presence or Absence of Third Inclined Groove Reaching Another Adjacent First Inclined Groove)

[0097] Comparing Working Example 21 with Comparative Example 4, it can be seen that the braking performance on
ice, the turning performance on ice, the braking performance on snow, the turning performance on snow, the wet braking
performance, and the wet turning performance are all increased in the case where the third inclined groove does not
reach another first lug groove compared with the case where the third inclined groove does reach another first lug groove
(Comparative Example 4).

(Shape of First Edge and Second Edge of Branch Groove 60)

[0098] Comparing Working Examples 24 to 26, it can be seen that the braking performance on ice, the turning per-
formance on ice, the braking performance on snow, the turning performance on snow, the wet braking performance,
and the wet turning performance are all increased in the case where one of the first edge and the second edge is a
curved shape.

(Distance in the Circumferential Direction from the Position of First Lug Groove 32 to the Branching Position of Branch
Groove 60)

[0099] Comparing Working Examples 27 to 31, it can be seen that it is preferable that the braking performance on
ice, the turning performance on ice, the wet braking performance, and the wet turning performance are increased by
locating the branching position of the branch groove 60 at a distance 0.2 to 0.8 times the distance Le from the position
of the first lug groove 32.

[0100] The pneumatic tire of the present invention was described in detail above. However, it should be understood
that the present invention is not limited to the above embodiments, but may be improved or modified in various ways so
long as these improvements or modifications remain within the scope of the appended claims.

REFERENCE NUMBER

[0101]

Axis Rotational axis

C Tire circumferential direction
CL Center line

E1, E2 Ground contact edge

R Tire radial direction

T Tread portion

w Ground contact width

10 Tire

12 Carcass ply layer

14 Belt layer

14a, 14b Belt members

16 Bead core

18 Tread rubber member

18a First tread rubber member
18b Second tread rubber member
20 Side wall rubber member
22 Bead filler rubber member
24 Rim cushion rubber member
26 Inner liner rubber member
30A, 30B  Tread pattern

31 First inclined groove

32 First lug groove

33 Second inclined groove

34 Third inclined groove

35 Second lug groove

36 Fourth inclined groove
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41, 42 Land portion
43, 44 Sipes
45 Stud installation hole

Claims

1.

A pneumatic tire (10) having a tread pattern (T) formed in each of half tread regions (30A, 30B) of a tread portion,
the half tread regions (30A, 30B) being located on both sides in a tire width direction (L) with a tire center line (CL)
as a boundary, the pneumatic tire (10) comprising:

in each of the half tread regions (30A, 30B), a first inclined groove group having a plurality of first inclined
grooves (31) provided in a tire circumferential direction (C) and extending in a first direction of the tire circum-
ferential direction (C) as well as at an inclination towards an outer side in the tire width direction;

a first lug groove group having a plurality of first lug grooves (32) provided in the tire circumferential direction
(C), the first lug grooves (32) extending from respective end portions on the outer side in the tire width direction
of the first inclined grooves (31) in the first direction of the tire circumferential direction (C) as well as at an
inclination towards the outer side in the tire width direction, and having an angle formed with the tire width
direction smaller than an angle formed with the tire width direction of the first inclined grooves (31);

a second inclined groove group having a plurality of second inclined grooves (33) provided in the tire circum-
ferential direction (C), the second inclined grooves (33) extending from respective end portions on the outer
side in the tire width direction (L) of the first inclined grooves (31) in the first direction of the tire circumferential
direction (C) as well as at an inclination towards an inner side in the tire width direction (L);

characterized in that

a third inclined groove group having a plurality of third inclined grooves (34) provided in the tire circumferential
direction (L), the third inclined grooves (34) extending from respective intermediate points on the first lug grooves
(32) in the first direction of the tire circumferential direction (C) as well as at an inclination towards the outer
side in the tire width direction (L), and having an angle formed with the tire width direction (L) larger than the
angle formed with the tire width direction (L) of the first lug grooves (32), each third inclined groove (34) being
closed without reaching another first lug groove (32) located adjacent to each first lug groove (32) in the first
direction,

the first inclined grooves (31) each having a position located separated from the center line (CL) as a starting
end (31S,), and

the first lug grooves (32) extending as far as a ground contact edge (E1, E2).

The pneumatic tire according to claim 1, further comprising

branch grooves (60) extending from respective intermediate points on the first inclined grooves (31) towards
the center line (CL), each branch groove (60) having a groove bottom shallower than a groove bottom of the
firstinclined groove (31) with a step at a branching position where each branch groove (60) branches from each
first inclined groove (31); and a groove depth of the branch groove (60) being gradually shallower towards the
center line (CL).

The pneumatic tire according to claim 2, wherein

the branch grooves (60) are closed before reaching the center line (CL), each branch groove (60) being demarcated
by a first edge (60a) located on a side in the first direction, and a second edge (60b) located on a side in a direction
opposite to the first direction, and

one of the first edge (60a) and the second edge (60b) extends in a curved line shape and the other extends in a
straight line shape.

The pneumatic tire (10) according to claim 2 or 3, wherein
the branch grooves are fourth inclined grooves (36) extending in the first direction of the tire circumferential direction

(C) and extending at an inclination towards the inner side in the tire width direction (L).

The pneumatic tire (10) according to claim 2 or 3, wherein
the branch grooves are fourth inclined grooves (36) extending in a second direction opposite to the first direction of

20



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

EP 2 853 416 B9
the tire circumferential direction (C) or grooves extending parallel to the tire width direction (L).

The pneumatic tire (10) according to any one of claims 2 to 5, further comprising

branch grooves (60) extending from respective intermediate points on the first inclined grooves (31) towards the
center line (CL), wherein second lug grooves (35) are provided between two of the plurality of first lug grooves (32)
located adjacent to each other in the tire circumferential direction (C), each extending parallel to the first lug grooves
(32), and upon a distance in the tire circumferential direction (C) between one of the first lug grooves (32) and one
of the second lug grooves (35) located adjacent to each other in the tire circumferential direction (C), being Le, the
branching positions in the tire circumferential direction (C) where the branch grooves (60) branch from the first
inclined grooves (31) are each located in a region 0.2 or greater and 0.8 or less times the distance Le away from a
position A in the tire circumferential direction (C) at the ground contact edge of the first lug groove (32) towards a
position B in the tire circumferential direction (C) at a ground contact edge of the second lug groove (35).

The pneumatic tire (10) according to any one of claims 1 to 5, wherein
the second lug grooves (35) are provided between two of the plurality of first lug grooves (32) located adjacent to
each other in the tire circumferential direction (C), each extending parallel to the first lug grooves (32).

The pneumatic tire (10) according to any one of claims 1 to 7, wherein
the second inclined grooves (33) each extends at least as far as another first inclined groove (31) located adjacent
in the tire circumferential direction (C).

The pneumatic tire (10) according to any one of claims 1 to 7, wherein
the second inclined grooves (35) each passes through and extends beyond another first inclined groove (31) located
adjacent in the tire circumferential direction (C).

The pneumatic tire (10) according to claim 1, wherein

second lug grooves (35) are provided between two of the plurality of first lug grooves (32) located adjacent to each
other in the tire circumferential direction (C), each extending parallel to the first lug grooves (32), and

the third inclined grooves (34) extend at least as far as the second lug grooves (35).

The pneumatic tire (10) according to claim 1, wherein

second lug grooves (35) are provided between two of the plurality of first lug grooves (32) located adjacent to each
other in the tire circumferential direction (C), each extending parallel to the first lug grooves (32), and

the third inclined grooves (34) pass through and extend beyond the second lug grooves (35).

The pneumatic tire (10) according to claim 11, wherein

a groove width of portions of the second lug grooves (35) on the inner side in the tire width direction (L) of crossing
sections with the third inclined grooves (34) is narrower than a groove width of portions on the outer side in the tire
width direction (L) of the crossing sections with the third inclined grooves (34).

The pneumatic tire (10) according to any one of claims 1 to 12, wherein

an angle between a straight line joining both ends of each first inclined groove (31) and the tire width direction is
from 50° to 80°,

an angle between a straight line joining both ends of each second inclined groove (33) and the tire width direction
is from 10° to 65°, and/or

an angle between a straight line joining both ends of each third inclined groove (34) and the tire width direction is
from 50° to 80°.

The pneumatic tire (10) according to any one of claims 1 to 13, wherein

the starting ends of the first inclined grooves (31) of the first inclined groove group on a first side of the center line
(CL) are offset in the tire circumferential direction (C) from the starting ends of the first inclined grooves (31) of the
firstinclined groove group on a second side by 1/10 to 4/10 of an average distance in the tire circumferential direction
(C) between adjacent first inclined grooves (31).

The pneumatic (10) tire according to any one of claims 1 to 14, wherein

a plurality of sipes (43, 44) is provided in land portions (41, 42) of the tread portion, and

sipes (43) provided in the land portions (41) enclosed by the first lug grooves (32), the first inclined grooves (31),
the second inclined grooves (33), and tread ground contact edges are inclined with respect to sipes (44) provided
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in the land portions (42) on the inner side in the tire width direction of the first inclined grooves (31) and the second
inclined grooves (33), and/or wherein

stud installation holes (45) are provided in the land portions (41) enclosed by the first lug grooves (32), the first
inclined grooves (31), the second inclined grooves (33), and the tread ground contact edges.

Patentanspriiche

1.

Luftreifen (10) mit einem Laufflachenmuster (T), das in jedem der halben Laufflachenbereiche (30A, 30B) eines
Laufflachenabschnitts ausgebildet ist, wobei die halben Laufflachenbereiche (30A, 30B) an beiden Seiten in einer
Reifenbreiterichtung (L) mit einer Reifenmittellinie (CL) als Begrenzung platziert sind, wobei der Luftreifen (10)
Folgendes umfasst:

in jeder der halben Laufflachenbereiche (30A, 30B) eine erste geneigte Rillengruppe mit einer Mehrzahl von
ersten geneigten Rillen (31), die in einer Reifenumfangsrichtung (C) angebracht sind und sich in eine erste
Richtung der Reifenumfangsrichtung (C) und mit einer Neigung in Richtung einer AuRenseite in der Reifenbrei-
terichtung erstrecken;

eine erste Stollenrillengruppe mit einer Mehrzahl erster Stollenrillen (32), angebracht in der Reifenumfangs-
richtung (C), wobei sich die ersten Stollenrillen (32) von jeweiligen Endabschnitten an der Auf3enseite in die
Reifenbreiterichtung der ersten geneigten Rillen (31) in die erste Richtung der Reifenumfangsrichtung (C) und
mit einer Neigung in Richtung der Auf3enseite in der Reifenbreiterichtung erstrecken und einen Winkel mit einer
Reifenbreiterichtung bilden, der kleiner als ein Winkel ist, der mit der Reifenbreiterichtung der ersten geneigten
Rillen (31) gebildet wird;

eine zweite geneigte Rillengruppe mit einer Mehrzahl zweiter geneigter Rillen (33), angebracht in der Reifen-
umfangsrichtung (C), wobei sich die zweiten geneigten Rillen (33) von den jeweiligen Endabschnitten an der
AuBenseite in die Reifenbreiterichtung (L) der ersten geneigten Rillen (31) in die erste Richtung der Reifenum-
fangsrichtung (C) und mit einer Neigung in Richtung einer Innenseite in der Reifenbreiterichtung (L) erstrecken;
dadurch gekennzeichnet, dass

eine dritte geneigte Rillengruppe mit einer Mehrzahl dritter geneigter Rillen (34), angebracht in der Reifenum-
fangsrichtung (L), wobei sich die dritten geneigten Rillen (34) von den jeweiligen Zwischenpunkten an den
ersten Stollenrillen (32) in die erste Richtung der Reifenumfangsrichtung (C) und mit einer Neigung in Richtung
der Aulenseite in der Reifenbreiterichtung (L) erstrecken und mit der Reifenbreiterichtung (L) einen Winkel
bilden, der gréRer ist als der Winkel, der mit der Reifenbreiterichtung (L) der ersten Stollenrillen (32) gebildet
wird, wobei jede dritte geneigte Rille (34) abgeschlossen ist, ohne eine andere erste Stollenrille (32) zu erreichen,
die an jeder ersten Stollenrille (32) in der ersten Richtung angrenzend platziert ist,

wobei die ersten geneigten Rillen (31) jeweils eine Position aufweisen, die von der Mittellinie (CL) als Aus-
gangsende (31S,) abgetrennt ist, und wobei sich die ersten Stollenrillen (32) so weit wie ein Bodenkontaktrand
(E1, E2) erstrecken.

Luftreifen gemaR Anspruch 1, ferner umfassend

Verzweigungsrillen (60), die sich von den jeweiligen Zwischenpunkten an den ersten geneigten Rillen (31) in Richtung
der Mittellinie (CL) erstrecken, wobei jede Verzweigungsrille (60) einen Rillenboden aufweist, der flacher als ein
Rillenboden der ersten geneigten Rille (31) mit einem Absatz an einer sich verzweigenden Position hat, an der jede
Verzweigungsrille (60) von jeder ersten geneigten Rille (31) abzweigt; und wobei eine Rillentiefe der Verzweigungs-
rille (60) in Richtung der Mittellinie (CL) schrittweise flacher wird.

Luftreifen nach Anspruch 2, wobei

die Verzweigungsrillen (60) geschlossen sind, bevor sie die Mittellinie (CL) erreichen, wobei jede Verzweigungsrille
(60) durch einen ersten Rand (60a), platziert an einer Seite in der ersten Richtung, und einen zweiten Rand (60b),
platziert an einer Seite in einer Richtung gegeniliber der ersten Richtung, abgegrenzt ist, und

sich einer von dem ersten Rand (60a) und dem zweiten Rand (60b) in Form einer gekriimmten Linie und der andere
in Form einer geraden Linie erstreckt.

Luftreifen (10) gemafl Anspruch 2 oder 3, wobei
die Verzweigungsrillen vierte geneigte Rillen (36) sind, die sich in die erste Richtung der Reifenumfangsrichtung

(C) und mit einer Neigung in Richtung der Innenseite in der Reifenbreiterichtung (L) erstrecken.

Luftreifen (10) gemal Anspruch 2 oder 3, wobei
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die Verzweigungsrillen vierte geneigte Rillen (36) sind, die sich in eine zweite Richtung gegenulber der ersten
Richtung der Reifenumfangsrichtung (C) erstrecken, oder Rillen, die sich parallel zur Reifenbreiterichtung (L) er-
strecken.

Luftreifen (10) gemaR einem der Anspriiche 2 bis 5, ferner umfassend Verzweigungsrillen (60), die sich von den
jeweiligen Zwischenpunkten an den ersten geneigten Rillen (31) in Richtung der Mittellinie (CL) erstrecken, wobei
die zweiten Stollenrillen (35) zwischen zwei aus der Mehrzahl der ersten Stollenrillen (32) angebracht sind, die
aneinander angrenzend in der Reifenumfangsrichtung (C) platziert sind, wobei sich jede parallel zu den ersten
Stollenrillen (32) und in einem Abstand in der Reifenumfangsrichtung (C) zwischen einer der ersten Stollenrillen
(32) und einer der zweiten Stollenrillen (35), aneinander angrenzend in der Reifenumfangsrichtung (C) angebracht,
erstreckt, Le bildend, und die sich verzweigenden Positionen in der Reifenumfangsrichtung (C), wo die Verzwei-
gungsrillen (60) von den ersten geneigten Rillen (31), jede in einem Bereich von 0,2 oder gréRer und 0,8 oder kleiner
mal dem Abstand Le abseits von einer Position A in der Reifenumfangsrichtung (C), am Bodenkontaktrand der
ersten Stollenrille (32) in Richtung einer Position B in der Reifenumfangsrichtung (C) am Bodenkontaktrand der
zweiten Stollenrille (35) platziert sind.

Luftreifen (10) gemaR einem der Anspriiche 1 bis 5, wobei die zweiten Stollenrillen (35), aneinander angrenzend
in der Reifenumfangsrichtung (C) platziert, zwischen zwei aus der Mehrzahl der ersten Stollenrillen (32) angebracht
sind, wobei sich jede parallel zu den ersten Stollenrillen (32) erstreckt.

Luftreifen (10) gemaR einem der Anspriiche 1 bis 7, wobei sich die zweiten geneigten Rillen (33) alle zumindest so
weit wie eine andere erste geneigte Rille (31) erstrecken, die angrenzend in der Reifenumfangsrichtung (C) platziert
ist.

Luftreifen (10) gemaR einem der Anspriiche 1 bis 7, wobei die zweiten geneigten Rillen (35) jede durch eine andere
erste geneigte Rille (31), angrenzend in der Reifenumfangsrichtung (C) platziert, hindurch verlauft und sich tber
diese hinaus erstreckt.

Luftreifen (10) gemal Anspruch 1, wobei

zweite Stollenrillen (35) zwischen zwei aus der Mehrzahl der ersten Stollenrillen (32), aneinander angrenzend in
der Reifenumfangsrichtung (C) platziert, angebracht sind, wobei sich jede parallel zu den ersten Stollenrillen (32)
erstreckt und sich die dritten geneigten Rillen (34) mindestens so weit erstrecken wie die zweiten Stollenrillen (35).

Luftreifen (10) gemal Anspruch 1, wobei

zweite Stollenrillen (35) zwischen zwei aus der Mehrzahl der ersten Stollenrillen (32), aneinander angrenzend in
der Reifenumfangsrichtung (C) platziert, angebracht sind, wobei sich jede parallel zu den ersten Stollenrillen (32)
erstreckt und die dritten geneigten Rillen (34) hindurch verlaufen und sich iber die zweiten Stollenrillen (35) hinaus
erstrecken.

Luftreifen (10) gemafl Anspruch 11, wobei

eine Rillenbreite von Abschnitten der zweiten Stollenrillen (35) an der Innenseite in der Reifenbreiterichtung (L) sich
Uberkreuzender Abschnitte mit den dritten geneigten Rillen (34) schmaler ist als eine Rillenbreite von Abschnitten
an der AulRenseite in der Reifenbreiterichtung (L) der sich lberkreuzenden Abschnitte mit den dritten geneigten
Rillen (34).

Luftreifen (10) gemaR einem der Anspriiche 1 bis 12, wobei ein Winkel zwischen einer geraden Linie, die beide
Enden jeder ersten geneigten Rille (31) verbindet, und der Reifenbreiterichtung zwischen 50° und 80° ist, wobei ein
Winkel zwischen einer geraden Linie, die beide Enden jeder zweiten geneigten Rille (33) verbindet, und der Rei-
fenbreiterichtung zwischen 10° und 65° ist und/oder

wobei ein Winkel zwischen einer geraden Linie, die beide Enden jeder dritten geneigten Rille (34) verbindet, und
der Reifenbreiterichtung zwischen 50° und 80° ist.

Luftreifen (10) gemaR einem der Anspriiche 1 bis 13, wobei die Ausgangsenden der ersten geneigten Rillen (31)
der ersten geneigten Rillengruppe an einer ersten Seite der Mittellinie (CL) in der Reifenumfangsrichtung (C) von
den Ausgangsenden der ersten geneigten Rillen (31) der ersten geneigten Rillengruppe an einer zweiten Seite um
1/10 bis 4/10 eines durchschnittlichen Abstands in der Reifenumfangsrichtung (C) zwischen anliegenden ersten
geneigten Rillen (31) versetzt sind.
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15. Luftreifen (10) gemaR einem der Anspriiche 1 bis 14, wobei eine Mehrzahl von Lamellen (43, 44) in den Stegab-

schnitten (41, 42) des Laufflachenabschnitts angebracht sind, und wobei

Lamellen (43), die in den Stegabschnitten (41), umschlossen von den ersten Stollenrillen (32), den ersten geneigten
Rillen (31), den zweiten geneigten Rillen (33) und den Laufflachenbodenkontaktrandern, angebracht sind, in Bezug
auf die Lamellen (44), die in den Stegabschnitten (42) an der Innenseite in der Reifenbreiterichtung der ersten
geneigten Rillen (31) und der zweiten geneigten Rillen (33) angebracht sind, geneigt sind und/oder wobei
Stolleninstallationsldcher (45) in den Stegabschnitten (41), umschlossen von den ersten Stollenrillen (32), den ersten
geneigten Rillen (31), den zweiten geneigten Rillen (33) und den Laufflachenbodenkontaktrandern, angebracht sind.

Revendications

Bandage pneumatique (10) ayant un motif de bande de roulement (T) formé dans chacune de régions de moitié de
bande de roulement (30A, 30B) d’'une partie de bande de roulement, les régions de moitié de bande de roulement
(30A, 30B) étant situées de chaque c6té dans une direction de la largeur (L) du bandage avec une ligne centrale
(CL) de bandage comme limite, le bandage pneumatique (10) comprenant :

dans chacune des régions de moitié de bande de roulement (30A, 30B), un premier groupe de rainures inclinées
ayant une pluralité de premiéres rainures inclinées (31) prévues dans une direction circonférentielle (C) du
bandage et s’étendant dans une premiére direction de la direction circonférentielle (C) du bandage ainsi que
suivant une inclinaison vers un cbté externe dans la direction de la largeur de bandage ;

un premier groupe de rainures de gorges ayant une pluralité de premiéres rainures de gorges (32) prévues
dans la direction circonférentielle (C) du bandage, les premiéres rainures de gorges (32) s’étendant depuis des
parties d’extrémité respectives sur le c6té externe dans la direction de la largeur du bandage des premiéres
rainures inclinées (31) dans la premiére direction de la direction circonférentielle (C) du bandage ainsi que
suivant une inclinaison vers le c6té externe dans la direction de la largeur du bandage et ayant un angle formé
avec la direction de la largeur du bandage, plus petit qu’un angle formé avec la direction de la largeur du
bandage des premiéres rainures inclinées (31) ;

un deuxiéme groupe de rainures inclinées ayant une pluralité de deuxiémes rainures inclinées (33) prévues
dans la direction circonférentielle (C) du bandage, les deuxiémes rainures inclinées (33) s’étendant depuis des
parties d’extrémité respectives sur le coté externe dans la direction de la largeur (L) du bandage des premiéres
rainures inclinées (31) dans la premiére direction de la direction circonférentielle (C) du bandage, ainsi que
suivant une inclinaison vers un cbté interne dans la direction de la largeur (L) du bandage ;

caractérisé en ce que

un groupe de troisiémes rainures inclinées ayant une pluralité de troisiemes rainures inclinées (34) prévues
dans la direction circonférentielle (L) du bandage, les troisiemes rainures inclinées (34) s’étendant depuis des
points intermédiaires respectifs sur les premieres rainures de gorges (32) dans la premiére direction de la
direction circonférentielle (C) du bandage, ainsi que suivant une inclinaison vers le c6té externe dans la direction
de la largeur (L) du bandage et ayant un angle formé avec la direction de la largeur (L) du bandage plus grand
que I'angle formé avec la direction de la largeur (L) du bandage des premieres rainures de gorges (32), chaque
troisieme rainure inclinée (34) étant fermée sans atteindre une autre premiére rainure de gorge (32) située
adjacente a chaque premiére rainure de gorge (32) dans la premiere direction,

les premiéres rainures inclinées (31) ayant chacune une position située séparée de la ligne centrale (CL) en
tant que point de départ (31S,) et les premiéres rainures de gorges (32) s’étendant aussi loin qu’un bord de
contact avec le sol (E1, E2).

Bandage pneumatique selon la revendication 1, comprenant en outre des rainures ramifiées (60) s’étendant depuis
les points intermédiaires respectifs sur les premieres rainures inclinées (31) vers la ligne centrale (CL), chaque
rainure ramifiée (60) ayant un fond de rainure plus étroit qu’un fond de rainure de la premiére rainure inclinée (31)
avec une marche au niveau d’une position de ramification ou chaque rainure ramifiée (60) se ramifie depuis chaque
premiere rainure inclinée (31) ; et une profondeur de rainure de la rainure ramifiée (60) étant graduellement plus
étroite vers la ligne centrale (CL).

Bandage pneumatique selon larevendication 2, dans lequel les rainures ramifiées (60) sont fermées avant d’atteindre
la ligne centrale (CL), chaque rainure ramifiée (60) étant délimitée par un premier bord (60a) situé sur un cété dans
la premiére direction et un second bord (60b) situé sur un c6té dans une direction opposée a la premiére direction et
un parmi le premier bord (60a) et le second bord (60b) s’étend dans une forme de ligne incurvée et I'autre s’étend
dans une forme de ligne droite.
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Bandage pneumatique (10) selon la revendication 2 ou 3, dans lequel les rainures ramifiées sont des quatriemes
rainures inclinées (36) s’étendant dans la premiére direction de la direction circonférentielle (C) du bandage et
s’étendant suivant une inclinaison vers le c6té interne dans la direction de la largeur (L) du bandage.

Bandage pneumatique (10) selon la revendication 2 ou 3, dans lequel les rainures ramifiées sont des quatriemes
rainures inclinées (36) s’étendant dans une seconde direction opposée a la premiére direction de la direction cir-
conférentielle (C) du bandage ou des rainures s’étendant paralleles a la direction de la largeur (L) du bandage.

Bandage pneumatique (10) selon I'une quelconque des revendications 2 a 5, comprenant en outre

desrainures ramifiées (60) s’étendant depuis des points intermédiaires respectifs surles premieres rainuresinclinées
(31) vers la ligne centrale (CL), dans lequel des deuxiémes rainures de gorges (35) sont prévues entre deux de la
pluralité de premiéeres rainures de gorges (32) situées adjacentes I'une a l'autre dans la direction circonférentielle
(C) du bandage, chacune s’étendant parallele aux premieres rainures de gorges (32) et a une distance dans la
direction circonférentielle (C) du bandage entre une des premiéres rainures de gorges (32) et une des deuxiémes
rainures de gorges (35) situées adjacentes I'une a I'autre dans la direction circonférentielle (C) du bandage, étant
Le, les positions de ramification dans la direction circonférentielle (C) du bandage ou les rainures ramifiées (60) se
ramifient depuis les premiéres rainures inclinées (31) sont chacune situées dans une région 0,2 ou plus et 0,8 ou
moins fois la distance Le a I'écart d’une position A dans la direction circonférentielle (C) du bandage au niveau du
bord de contact avec le sol de la premiére rainure de gorge (32) vers une position B dans la direction circonférentielle
(C) du bandage au niveau d’'un bord de contact avec le sol de la deuxiéme rainure de gorge (35).

Bandage pneumatique (10) selon I'une quelconque des revendications 1 a 5, dans lequel

les deuxiémes rainures de gorges (35) sont prévues entre deux parmi la pluralité de premiéres rainures de gorges
(32) situées adjacentes I'une a I'autre dans la direction circonférentielle (C) du bandage, chacune s’étendant parallele
aux premiéres rainures de gorges (32).

Bandage pneumatique (10) selon 'une quelconque des revendications 1 a 7, dans lequel les deuxiémes rainures
inclinées (33) s’étendent chacune au moins aussi loin qu’une autre premiére rainure inclinée (31) située adjacente
dans la direction circonférentielle (C) du bandage.

Bandage pneumatique (10) selon I'une quelconque des revendications 1 a 7, dans lequel les deuxiémes rainures
inclinées (35) passent chacune a travers et s’étendent au-dela d’'une autre premiére rainure inclinée (31) située
adjacente dans la direction circonférentielle (C) du bandage.

Bandage pneumatique (10) selon larevendication 1, dans lequel les deuxiémes rainures de gorges (35) sont prévues
entre deux parmi la pluralité de premieres rainures de gorges (32) situées adjacentes I'une a I'autre dans la direction
circonférentielle (C) du bandage, chacune s’étendant parallele aux premiéres rainures de gorges (32) et les troisie-
mes rainures inclinées (34) s’étendent au moins aussi loin que les deuxiémes rainures de gorges (35).

Bandage pneumatique (10) selon la revendication 1, dans lequel les deuxiémes rainures de gorges (35) sont prévues
entre deux de la pluralité de premiéres rainures de gorges (32) situées adjacentes I'une a I'autre dans la direction
circonférentielle (C) du bandage, chacune s’étendant parallele aux premiéres rainures de gorges (32) et les troisie-
mes rainures inclinées (34) passent a travers et s’étendent au-dela des deuxiémes rainures de gorges (35).

Bandage pneumatique (10) selon la revendication 11, dans lequel une largeur de rainure de parties des deuxiémes
rainures de gorges (35) sur le cb6té interne dans la direction de la largeur (L) du bandage de sections d’intersection
avec les troisiémes rainures inclinées (34) est plus étroite qu’une largeur de rainure de parties sur le c6té externe
dans la direction de la largeur (L) du bandage des sections d’intersection avec les troisiemes rainures inclinées (34).

Bandage pneumatique (10) selon 'une quelconque des revendications 1 a 12, dans lequel un angle entre une ligne
droite reliant les deux extrémités de chaque premiére rainure inclinée (31) et la direction de la largeur du bandage
vade50°a80°,

un angle entre une ligne droite reliant les deux extrémités de chaque deuxiéme rainure inclinée (33) et la direction
de la largeur du bandage va de 10° a 65° et/ou

un angle entre une ligne droite reliant les deux extrémités de chaque troisiéme rainure inclinée (34) et la direction
de la largeur du bandage va de 50° a 80°.

Bandage pneumatique (10) selon 'une quelconque des revendications 1 a 13, dans lequel les extrémités de départ
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des premiéres rainures inclinées (31) du groupe de premiéres rainures inclinées sur un premier coté de la ligne
centrale (CL) sontdécalées dans la direction circonférentielle (C) du bandage des extrémités de départ des premiéres
rainures inclinées (31) du premier groupe de rainures inclinées sur un second c6té de 1/10 a 4/10 d’une distance
moyenne dans la direction circonférentielle (C) du bandage entre des premiéres rainures inclinées (31) adjacentes.

Bandage pneumatique (10) selon 'une quelconque des revendications 1 a 14, dans lequel une pluralité de lamelles
(43, 44) est prévue dans des parties de méplats (41, 42) de la partie de bande de roulement et

les lamelles (43) prévues dans les parties de méplats (41) enserrées par les premiéres rainures de gorges (32), les
premieres rainures inclinées (31), les deuxiemes rainures inclinées (33) et les bords de contact avec le sol de la
bande de roulement sont inclinées par rapport aux lamelles (44) prévues dans les parties de méplats (42) sur le
cété interne dans la direction de la largeur du bandage des premiéres rainures inclinées (31) et des deuxiémes
rainures inclinées (33) et/ou dans lequel

des trous d’installation de crampons (45) sont prévus dans les parties de méplats (41) enserrées par les premiéres
rainures de gorges (32), les premiéres rainures inclinées (31), les deuxiémes rainures inclinées (33) et les bords
de contact avec le sol de bande de roulement.
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