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(57) ABSTRACT

A pneumatic tire according to the present invention includes
blocks on its tread which are segmented by plural circumfer-
ential grooves 3 extending along a tire circumferential direc-
tion and plural lateral grooves 5 extending along a tread width
direction. Circumferential sipes extending along the tire cir-
cumferential direction are provided in the blocks. Inside cir-
cumferential sipes extend straight along a tire radial direction
and outside circumferential sipes extend along the tire radial
direction in zigzag patterns. According to the present inven-
tion, a handling performance, especially, a cornering perfor-
mance can be improved regardless ofroad surface conditions.
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1
PNEUMATIC TIRE WITH TREAD HAVING
INSIDE AND OUTSIDE CIRCUMFERENTIAL
SIPES

TECHNICAL FIELD

The present inventions relate to a pneumatic tire having
blocks on its tread which are segmented by plural circumfer-
ential grooves and plural lateral grooves.

BACKGROUND ART

Heretofore, various proposals have been made with respect
to a pneumatic tire for improving a handling performance on
snow or ice covered roads by increasing a gripping force (i.e.
an edge effect). For example, in a Patent Document listed
below, disclosed is a pneumatic tire in which lateral sipes
extending along a tread width direction are provided on
blocks segmented by circumferential grooves and lateral
grooves.

In this pneumatic tire, the edge effect can be exerted suffi-
ciently at starting and braking, and thereby a handling per-
formance (especially, a startup accelerating performance and
a braking performance) is made improved. However, accord-
ing to this pneumatic tire, friction between its tread and a road
surface becomes small while cornering, and thereby sideslips
may occur. In recent pneumatic tires, circumferential sipes
extending along a tire circumferential direction are provided
on its blocks to restrain such sideslips. In a Patent Document
2 listed below, disclosed is a pneumatic tire in which circum-
ferential sipes extending along a tire circumferential direction
and extending straight along a tire radial direction are pro-
vided in its blocks.

Patent Document 1: Japanese Patent Application Laid-
Open NO. 2000-190711 (pages 2 to 4, FIG. 1)

Patent Document 2: Japanese Patent Application Laid-
Open NO. 2002-254906 (pages 2 and 3, FIG. 1)

DISCLOSURE OF THE INVENTION

However, according to a conventional pneumatic tire with
circumferential sipes formed in its blocks in addition to lat-
eral sipes, large loads apply to inside blocks under being
equipped onto a vehicle at starting and braking, and thereby
stiffness of the inside blocks cannot be ensured. In addition,
large loads apply to outside blocks while high-speed corner-
ing and while cornering in tight corners, and thereby stiffness
of'the outside blocks cannot be ensured. Thus, the edge effect
cannot be exerted sufficiently due to large deformations of the
inside or outside blocks, and thereby a handling performance
(especially, a startup accelerating performance, a braking
performance and a cornering performance) on dry roads and
snow or ice covered roads is decreased.

Therefore, it is an object of the present inventions to pro-
vide a pneumatic tire that can improve a handling perfor-
mance, especially, a startup accelerating performance, a brak-
ing performance and a cornering performance.

A pneumatic tire according to the present invention
includes a tread having blocks segmented by plural circum-
ferential grooves extending along a tire circumferential direc-
tion and plural lateral grooves extending along a tread width
direction. Note that “blocks” mentioned here shall include
blocks continuously extending along an entire circumference
of the tire (they may be called ribs). And each of the blocks
has a circumferential sipes extending along the tire circum-
ferential direction. Among the circumferential sipes, inside
circumferential sipes, which are positioned inside a tire equa-
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torial plane under being equipped onto a vehicle, extend
straight along a tire radial direction. Among the circumferen-
tial sipes, outside circumferential sipes, which are positioned
outside the tire equatorial plane under being equipped onto a
vehicle, extend along the tire radial direction in zigzag pat-
terns.

In this manner, since the outside circumferential sipes
extend along the tire radial direction in zigzag patterns, zig-
zag patterns along the tire radial direction in the outside
circumferential sipes are engaged each other and thereby
strength against lateral forces while cornering is increased. As
a result, stiffness reduction of the outside blocks can be
restrained. Since deformations of the outside blocks can be
restrained and then the edge effect can be improved, a han-
dling performance, especially, a cornering performance can
be improved regardless of road surface conditions such as dry
roads, wet roads or snow/ice covered roads.

Here, it is preferable that the circumferential sipes extend
along the tire circumferential direction in zigzag patterns.
According to this configuration, since the circumferential
sipes extend along the tire circumferential direction in zigzag
patterns, strength against forward and backward forces at
starting and braking can be increased and then the edge effect
can be improved. As a result, a handling performance, espe-
cially, a startup accelerating performance and a braking per-
formance can be improved.

Here, it is preferable that lateral sipes extending along the
tread width direction are provided in the blocks. According to
this configuration, since the lateral sipes are provided in the
blocks, the edge effect can be improved at starting and brak-
ing. As a result, a handling performance, especially, a startup
accelerating performance and a braking performance can be
improved.

Here, it is preferable that, among the lateral sipes, inside
lateral sipes, which are positioned inside the tire equatorial
plane under being equipped onto a vehicle, extend along the
tire radial direction in zigzag patterns, and outside lateral
sipes, which are positioned outside the tire equatorial plane
under being equipped onto a vehicle, extend straight along the
tire radial direction. According to this configuration, since the
inside lateral sipes extend along the tire radial direction in
zigzag patterns, zigzags along the tire radial direction in the
inside lateral sipes are engaged each other and thereby
strength against loads at starting and braking is increased. As
a result, stiffness reduction of the inside blocks can be
restrained. Since, deformations of the inside blocks can be
restrained and then the edge effect can be improved, a han-
dling performance, especially, a startup accelerating perfor-
mance and a braking performance can be improved regardless
of road surface conditions such as dry roads, wet roads or
snow/ice covered roads.

Here, it is preferable that the lateral sipes extend along the
tread width direction in zigzag patterns. According to this
configuration, since the lateral sipes extend along the tread
width direction in zigzag patterns, strength against cornering
lateral forces can be increased and then the edge effect can be
improved. As a result, a handling performance, especially, a
cornering performance can be improved.

Here, it is preferable that depths of the inside and outside
circumferential sipes are almost equal. Here, difference
between the depths of the inside and outside circumferential
sipes shall be equal-to or smaller-than 1 mm. In addition, it is
preferable that depths of the inside and outside lateral sipes
are almost equal. Here, difference between the depths of the
inside and outside lateral sipes shall be equal-to or smaller-
than 1 mm.
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Here, it is preferable that the number of zigzag of each
circumferential sipe is fewer than the number of zigzag of
each lateral sipe.

Here, it is preferable that the pneumatic tire according to
the present invention equipped onto a passenger car. Here, a
passenger car shall mean a car in which ten people (incl. a
driver) can be get, for example, an ordinary-sized vehicle, a
small-sized vehicle, a light vehicle and so on.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a development view showing a tread pattern of a
pneumatic tire according to a present embodiment.

FIG. 2 is a perspective view showing only an inside cir-
cumferential sipe provided on an inside block of the pneu-
matic tire according to the present embodiment.

FIG. 3 is a perspective view showing only an inside lateral
sipe provided on the inside block of the pneumatic tire
according to the present embodiment.

FIG. 4 is a perspective view showing only an outside cir-
cumferential sipe provided on an outside block of the pneu-
matic tire according to the present embodiment.

FIG. 5is a perspective view showing only an outside lateral
sipe provided on the outside block of the pneumatic tire
according to the present embodiment.

FIG. 6 are perspective views showing only inside and out-
side circumferential sipes provided on inside and outside
block of a pneumatic tire of a modified example 1.

FIG. 7 are perspective views showing only inside and out-
side lateral sipes provided on inside and outside block of a
pneumatic tire of a modified example 2.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

One embodiment of a pneumatic tire according to the
present invention will be explained with reference to dia-
grams. Note that, in respect to descriptions on the drawings,
each equivalent or corresponding configuration is allocated to
an equivalent or corresponding numeral. However, the draw-
ings are shown in outline, and thereby each actual proportion
of' dimension or the like may be different from an actual one.
Therefore, each concrete dimension or the like should be
determined with considering explanations below. In addition,
each relation or proportion of dimension may be different
between the drawings.

Note that the pneumatic tire 1 according to the present
embodiment is a commonly-used radial tire (winter tire)
including beads, a carcass layer(s) and a belt layer(s) [not
shown]. And the pneumatic tire 1 according to the present
embodiment is equipped onto a passenger car.

As shown in FIG. 1, a tread of the pneumatic tire 1 has
blocks 7 segmented by plural circumferential grooves 3
extending along a tire circumferential direction and plural
lateral grooves 5 extending along a tread width direction.
Circumferential sipes 9 extending along the tire circumferen-
tial direction and lateral sipes 11 extending along the tread
width direction are formed in the blocks 7.

The circumferential sipes 9 are composed of inside circum-
ferential sipes 9A located inside IN a tire equatorial plane CL.
under being equipped onto a vehicle and outside circumfer-
ential sipes 9B located outside OUT. In other words, the
inside circumferential sipes 9A are provided in the blocks 7
located inside IN the tire equatorial plane CL under being
equipped onto a vehicle (hereinafter, referred as the inside
blocks). On the other hand, the outside circumferential sipes
9B are provided in the blocks 7 located outside OUT the tire
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equatorial plane CL under being equipped onto a vehicle
(hereinafter, referred as the outside blocks).

The lateral sipes 11 are composed of inside lateral sipes
11A located inside IN the tire equatorial plane CL under
being equipped onto a vehicle and outside lateral sipes 11B
located outside OUT. In other words, the inside lateral sipes
11A are provided on the inside blocks 7. On the other hand,
the outside lateral sipes 11B are provided on the outside
blocks 7.

As shown in FIG. 2, the inside circumferential sipes 9A
extend along the tire circumferential direction in repeated
zigzag patterns. The inside circumferential sipes 9A extend
straight along the tire radial direction.

As shown in FIG. 3(a), the inside lateral sipes 11A extend
along the tread width direction in repeated zigzag patterns.
The inside lateral sipes 11 A extend along the tire radial direc-
tion in repeated zigzag patterns. Note that the inside lateral
sipes 11A are not limited to lateral sipes extending in repeated
zigzag patterns three times in the tire radial direction and may
be obviously lateral sipes extending in repeated zigzag pat-
terns two times in the tire radial direction as shown in FIG.
3(b).

As shown in FIG. 4(a), the outside circumferential sipes 9B
extend along the tire circumferential direction in repeated
zigzag patterns. The outside circumferential sipes 9B extend
along the tire radial direction in repeated zigzag patterns.
Note that the outside circumferential sipes 9B are not limited
to circumferential sipes extending with repeated bends three
times in the tire radial direction and may be obviously cir-
cumferential sipes extending with repeated bends two times
in the tire radial direction as shown in FIG. 4(5).

As shown in FIG. 5, the outside lateral sipes 11B extend
along the tread width direction in zigzag patterns. The outside
lateral sipes 11B extend straight along the tire radial direc-
tion.

It is preferable that the number of circumferential bends of
each circumferential ripe 9 on the tread, mentioned above, is
made fewer than the number of lateral bends of each lateral
sipe 11 in order to restrain stiffness reduction of the blocks 7
(the inside and outside blocks).

In addition, it is preferable that a depth D1 of each inside
circumferential sipe 9A is made almost equal to a depth D2 of
each outside circumferential sipe 9B in order to ensure
absorbability and drainability of water, snow or the like at a
contact plane (between the tread and a road surface). Further-
more, it is preferable that a depth D3 of each inside lateral sipe
11A is made almost equal to a depth D4 of each outside lateral
sipe 11B.

Modified Example 1

The circumferential sipes 9 (the inside circumferential
sipes 9A and the outside circumferential sipes 9B) in the
above-described embodiment extend along the tire circum-
ferential direction in zigzag patterns. However, the circum-
ferential sipes can be modified as described below. Note that
different points from the pneumatic tire 1 in the above-de-
scribed embodiment will be mainly explained hereinafter.

As shown in FIG. 6(a), the inside circumferential sipes 9A
extend straight along the tire circumferential direction. Also
in this case, the inside circumferential sipes 9A extend
straight along the tire radial direction.

In addition, as shown in FIG. 6(b), the outside circumfer-
ential sipes 9B extend straight along the tire circumferential
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direction. Also in this case, the outside circumferential sipes
9B extend along the tire radial direction in zigzag patterns.

Modified Example 2

In addition, the present invention goes beyond the above
modified embodiment. The lateral sipes 11 (the inside lateral
sipes 11A and the outside lateral sipes 11B) in the above-
described embodiment extend along the tire width direction
in zigzag patterns. However, the lateral sipes can be modified
as described below.

As shown in FIG. 7(a), the inside lateral sipes 11 A extend
straight along the tread width direction. Also in this case, the
inside lateral sipes 11A extend along the tire radial direction
in zigzag patterns.

In addition, as shown in FIG. 7(b), the outside lateral sipes
11B extend straight along the tread width direction. Also in
this case, the outside lateral sipes 11B extend straight along
the tire radial direction.

Modified Example 3

In addition, the present invention goes beyond the above
modified embodiments and can be modified as described
below.

In the above-described embodiment, all the inside lateral
sipes 11A extend along the tire radial direction in zigzag
patterns. However, the inside lateral sipes are not limited to
this configuration. At least some of the inside lateral sipes
11A may extend along the tire radial direction in zigzag
patterns.

For example, as shown in FIG. 1, only the inside lateral
sipes 11A in the blocks 7 located in tread shoulder areas S
may extend along the tire radial direction in zigzag patterns.
In addition, only the inside lateral sipes 11A in the blocks 7
located in tread middle areas M between a tread center area C
and the tread shoulder areas S may extend along the tire radial
direction in zigzag patterns.

In addition, in the above-described embodiment, all the
outside circumferential sipes 9B extend along the tire radial
direction in zigzag patterns. However, the outside circumfer-
ential sipes are not limited to this configuration. At least some
of'the outside circumferential sipes 9B may extend along the
tire radial direction in zigzag patterns.

For example, as shown in FIG. 1, only the outside circum-
ferential sipes 9B in the blocks 7 located in the tread shoulder
areas S may extend along the tire radial direction in zigzag
patterns. In addition, only the outside circumferential sipes
9B in the blocks 7 located in the tread middle areas M may
extend along the tire radial direction in zigzag patterns.

As explained above, although contents of the present
invention have been disclosed through the embodiments of
the present invention, it should not be considered that descrip-
tions and the drawings composing a portion of the disclosure
limits the present invention.

Concretely speaking, the pneumatic tire 1 according to the
above-described embodiment is a common-used radial tire
including beads, a carcass layer(s) and a belt layer(s) [not
shown|. However, the pneumatic tire according to the present
invention is not limited to this and may be a tire other than a
radial tire (for example, a bias tire).

In addition, the pneumatic tire 1 according to the above-
described embodiment is equipped onto a passenger car.
However, the pneumatic tire according to the present inven-
tion is not limited to this and may be equipped onto a vehicle
other than a passenger car (for example, a bus or a truck).
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Furthermore, in the above-described embodiment, the cir-
cumferential sipes 9 (the inside circumferential sipes 9A and
the outside circumferential sipes 9B) are provided on each of
the blocks 7 one by one. However, the circumferential sipes
are not limited to this configuration and may be provided on
each of the blocks 7 in a plurality (for example, two).

Based on the disclosure, various alternative embodiments,
modes of the invention and operable technologies may be
obvious to the person having ordinary skill in the art. There-
fore, a technical scope of the present invention is defined only
by a subject matter sought to be patented in claims appropri-
ately derived from the above explanation.

According to the above described pneumatic tire 1 in the
present embodiment, stifthess reduction of the inside and
outside blocks can be restrained, and thereby a handling
performance, especially, a startup accelerating performance,
a braking performance and a cornering performance can be
improved.

Concretely speaking, since the inside circumferential sipes
9A extend straight along the tire radial direction and the
inside lateral sipes 11A extend along the tire radial direction
in repeated zigzag patterns, zigzags along the tire radial direc-
tion in the inside lateral sipes 11A are supported each other
(so as to be engaged each other) to increase strength against
loads at starting and braking and thereby stiffness reduction
of the inside blocks can be restrained.

In addition, since the outside circumferential sipes 9B
extend along the tire radial direction in repeated zigzag pat-
terns and the outside lateral sipes 11B extend straight along
the tire radial direction, zigzags along the tire radial direction
in the outside circumferential sipes 9B are supported each
other (so as to be engaged each other) to increase strength
against lateral forces while cornering and thereby stiffness
reduction of the outside blocks can be restrained.

Therefore, since deformations of the inside and outside
blocks can be restrained to increase the edge effect, a handling
performance, especially, a startup accelerating performance,
a braking performance and a cornering performance can be
improved regardless of road surface conditions such as dry
roads, wet roads or snow/ice covered roads.

In addition, since the inside circumferential sipes 9A and
the outside circumferential sipes 9B extend along the tire
circumferential direction in repeated zigzag patterns, strength
against lateral forces while cornering can be made increased
to increase the edge effect and thereby a cornering perfor-
mance can be further improved.

Furthermore, since the inside lateral sipes 11A and the
outside lateral sipes 11B extend along the tread width direc-
tion in repeated zigzag patterns, strength against loads at
starting and braking can be made increased to increase the
edge effect and thereby a startup accelerating performance
and a braking performance can be further improved.

Next, a test was conducted with pneumatic tires of an
embodiment and comparative samples 1 and 2 shown below
to demonstrate advantages of the present invention. Note that
the present invention does not suffer any limitations by these
samples.

Data of each pneumatic tire are measured under condition
shown below.

Tire Size: 195/65R15 (56 pitch)

Wheel Size: 15x6]]

Inner Pressure Condition: 200 kPa

Load Condition: one driver+60 kg

Test Vehicle: FR car (2,500 cc displacement)

Sipe patterns of the pneumatic tires of the embodiment and
the comparative samples 1 and 2 are shown in upper areas on
Table 1.
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TABLE 1
Comp. Comp.
Patterns along Tire Radial Dir. Embodiment Sample 1  Sample 2

Inside Circumferential Sipes Straight Straight Zigzag
Inside Lateral Sipes Zigzag Straight Zigzag
Outside Circumferential Sipes Zigzag Straight Zigzag
Outside Lateral Sipes Straight Straight Zigzag
Snow Cornering Perform. 6.0 5.0 4.0
Covered Braking Perform. 103 100 97
Road Startup Accel. Perform. 103 100 98
Ice Cornering Perform. 6.0 5.0 5.5
Covered Braking Perform. 103 100 103
Road Startup Accel. Perform. 104 100 104

As shown in Table 1, in the pneumatic tire according to the
embodiment, the inside circumferential sipes and the outside
lateral sipes extend straight along the tire radial direction and
the inside lateral sipes and the outside circumferential sipes
extend along the tire radial direction in zigzag patterns.

In the pneumatic tire according to the comparative sample
1, the inside circumferential sipes, the inside lateral sipes, the
outside circumferential sipes and the outside lateral sipes
extend straight along the tire radial direction.

In the pneumatic tire according to the comparative sample
2, the inside circumferential sipes, the inside lateral sipes, the
outside circumferential sipes and the outside lateral sipes
extend along the tire radial direction in zigzag patterns.

Note that configurations except patterns of the circumfer-
ential and lateral sipes along the tire radial direction are
identical in the pneumatic tires of the embodiment and the
comparative samples 1 and 2.

A cornering performance, a braking performance and a
startup accelerating performance are shown in lower areas on
Table 1.

<Cornering Performance>

Sensory evaluations for accuracy and response speed of
vehicle behavior while cornering were conducted by a pro-
fessional driver on snow covered and ice covered test courses
with a car equipped with each of the pneumatic tires (ten
being the best). The larger value is indicated, the better han-
dling response is.

Consequently, it turned out that the cornering performance
onsnow and ice covered roads of the pneumatic tire according
to the embodiment is superior to those of the pneumatic tires
according to the comparative samples 1 and 2.

<Braking Performance>

Defined as “100” is a distance from a start of braking to 0
km/h (braking distance) after 20 km/h running on snow cov-
ered and ice covered test courses with a vehicle equipped with
the pneumatic tires according to the comparative sample 1.
Based on this condition, braking distances of vehicles
equipped with the pneumatic tires according to the embodi-
ment and the comparative sample 2 were measured and their
relative values were calculated. Note that the shorter braking
distance is, the better a braking performance is.

Consequently, it turned out that the braking performance
on snow covered roads of the pneumatic tire according to the
embodiment is superior to those of the pneumatic tires
according to the comparative samples 1 and 2. In addition, it
turned out that the braking performance on ice covered roads
of'the pneumatic tire according to the embodiment is superior
to that of the pneumatic tire according to the comparative
sample 1.

<Startup Accelerating Performance>

Defined as “100” is time from speed 0 km/h to 20 km/h
(acceleration time) on snow covered and ice covered test
courses with a vehicle equipped with the pneumatic tires
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according to the comparative sample 1. Based on this condi-
tion, acceleration times of vehicles equipped with the pneu-
matic tires according to the embodiment and the comparative
sample 2 were measured and their relative values were cal-
culated. Note that the shorter acceleration time is, the better a
startup accelerating performance is.

Consequently, it turned out that the startup accelerating
performance on snow and ice covered roads of the pneumatic
tire according to the embodiment is superior to those of the
pneumatic tires according to the comparative samples 1 and 2.

INDUSTRIAL APPLICABILITY

According to the present invention, since the inside cir-
cumferential sipes extend straight along the tire radial direc-
tion and the outside circumferential sipes extend along the tire
radial direction in zigzag patterns, stiffness reduction of the
outside blocks can be restrained and thereby a handling per-
formance, especially, a startup accelerating performance, a
braking performance and a cornering performance can be
improved.

The invention claimed is:

1. A pneumatic tire comprising a tread having blocks seg-
mented by plural circumferential grooves extending along a
tire circumferential direction and plural lateral grooves
extending along a tread width direction, wherein

each of the blocks has a circumferential sipe extending

along the tire circumferential direction,

inside circumferential sipes among the circumferential

sipes, which are positioned inside a tire equatorial plane
under being equipped onto a vehicle, extend substan-
tially straight along an entire sipe in a tire radial direc-
tion, and

outside circumferential sipes among the circumferential

sipes, which are positioned outside the tire equatorial
plane under being equipped onto a vehicle, extend along
the tire radial direction in zigzag patterns.

2. The pneumatic tire according to claim 1, wherein

the circumferential sipes extend along the tire circumfer-

ential direction in zigzag patterns.

3. The pneumatic tire according to claim 1, wherein

lateral sipes extending along the tread width direction are

provided in the blocks.

4. The pneumatic tire according to claim 3, wherein

inside lateral sipes among the lateral sipes, which are posi-

tioned inside the tire equatorial plane under being
equipped onto a vehicle, extend along the tire radial
direction in zigzag patterns, and

outside lateral sipes among the lateral sipes, which are

positioned outside the tire equatorial plane under being
equipped onto a vehicle, extend straight along the tire
radial direction.

5. The pneumatic tire according to claim 4, wherein depths
of the inside and outside lateral sipes are almost equal.

6. The pneumatic tire according to claim 4, wherein the
number of zigzag of each circumferential sipe is fewer than
the number of zigzag of each lateral sipe.

7. The pneumatic tire according to claim 3, wherein the
lateral sipes extend along the tread width direction in zigzag
patterns.

8. The pneumatic tire according to claim 1, wherein depths
of the inside and outside circumferential sipes are almost
equal.

9. The pneumatic tire according to claim 1, wherein the
pneumatic tire is a pneumatic passenger car tire.
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