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Description

Technical Field

[0001] The present invention relates to a tyre capable of improving durability performance while exerting both steering
stability performance on a dry road surface and on-ice/on-snow performance.

Background Art

[0002] Conventionally, tyres having improved steering stability performance on an icy and snowy road surface (here-
inafter referred to as "on-ice/on-snow performance") have been known. Japanese unexamined Patent Application Pub-
lication No. 2016-203703 (Patent Literature 1) has disclosed a tyre having land regions defined between main grooves
extending continuously in a tyre circumferential direction and having improved on-ice/on-snow performance by provision
of a plurality of lateral grooves and a plurality of sipes extending from the main grooves to terminate within the land
region, for example.
[0003] JP 2015-009789A discloses a pneumatic tire having a tread portion provided with a land portion having sipes
with shallow end portions and a deeper middle portion and further sipes with deeper end portions and a shallow middle
portion.
[0004] JP 2010-274846 A discloses a tire having a tread portion which has sipes in a zigzag configuration with shallow
end portions and a deeper middle section and sipes in a zigzag configuration with deeper end portions and a shallow
middle section.

summary of the Invention

[0005] However, the tyre disclosed in the Patent Literature 1 is provided with the sipes connecting between the lateral
grooves and the sipes crossing the land region, therefore, it is possible that rigidity of the land region is decreased,
thereby, there has been room for improvement for the steering stability performance on a dry road surface. Further,
each of the sipes crossing the land region provided in the tyre disclosed in the Patent Literature 1 has a constant depth,
therefore, the land region is likely to be damaged when excessive load is applied to the land region, thereby, there has
been room for improvement.
[0006] The present invention was made in view of the above, and a primary object thereof is to provide a tyre capable
of improving the durability performance while exerting both of the steering stability performance on a dry road surface
and the on-ice/on-snow performance.
[0007] In one aspect of the present invention, a tyre comprises a tread portion comprising a land region divided by a
first edge extending in a tyre circumferential direction and a second edge extending in the tyre circumferential direction,
wherein the land region is provided with a plurality of sipes each extending between the first edge and the second edge,
the plurality of the sipes includes inclined sipes and bent sipes, the inclined sipes are inclined in a first direction with
respect to a tyre axial direction, each of the bent sipes includes first inclined elements inclined in the first direction with
respect to the tyre axial direction and a second inclined element inclined in a direction opposite to the first inclined
elements with respect to the tyre axial direction, each of the inclined sipes is configured to have a depth larger at a center
portion thereof than at both end portions thereof, and each of the bent sipes is configured to have a depth smaller at a
center portion thereof than at both end portions thereof.
[0008] In another aspect of the invention, it is preferred that the inclined sipes and the bent sipes are arranged alternately
in the tyre circumferential direction.
[0009] In another aspect of the invention, it is preferred that each of the inclined sipes extends linearly.
[0010] In another aspect of the invention, it is preferred that each of the bent sipes is composed of the first inclined
elements and the second inclined element configured to be linear.
[0011] According to the invention in each of the bent sipes, the end portions are formed by the first inclined elements
and the center portion is formed by the second inclined element.
[0012] In another aspect of the invention, it is preferred that the first inclined elements forming the end portions have
an equal length to each other in the tyre axial direction.
[0013] According to the invention a length in the tyre axial direction of the second inclined element is larger than a
length in the tyre axial direction of each of the first inclined elements.
[0014] In another aspect of the invention, it is preferred that a length in the tyre axial direction of the second inclined
element is in a range of from 110% to 135% of a length in the tyre axial direction of the center portion of each of the
inclined sipes.
[0015] In another aspect of the invention, it is preferred that the inclined sipes and the first inclined elements extend
in parallel to each other.
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[0016] In another aspect of the invention, it is preferred that the land region is provided with first lateral grooves and
second lateral grooves, each of the first lateral grooves extends from the first edge to terminate within the land region,
each of the second lateral grooves extends from the second edge to terminate within the land region, and the first lateral
grooves and the second lateral grooves are arranged alternately in the tyre circumferential direction.
[0017] In another aspect of the invention, it is preferred that in a combination of one first lateral groove, one second
lateral groove, and one bent sipe adjacent to each other, at least one of the first lateral groove and the second lateral
groove is arranged on an extended line of a corresponding one of the first inclined elements of the bent sipe.
[0018] In another aspect of the invention, it is preferred that a length in the tyre axial direction of each of the second
lateral grooves is equal to a length in the tyre axial direction of each of the first lateral grooves.
[0019] In another aspect of the invention, it is preferred that the land region is arranged on a tyre equator.

Brief Description of the Drawings

[0020]

Fig. 1 is a development view of a tread portion of a tyre as an embodiment of the present invention.
Fig. 2 is an enlarged view of a land region (crown land region).
Fig. 3 is a cross-sectional view taken along A-A line of Fig. 2.
Fig. 4 is a cross-sectional view taken along B-B line of Fig. 2.
Fig. 5 is a cross-sectional view taken along C-C line of Fig. 1.
Fig. 6 is an enlarged view of a middle land region.

Description of the Preferred Embodiment

[0021] An embodiment of the present invention will now be described in conjunction with accompanying drawings.
[0022] Fig. 1 is a development view of a tread portion 2 of a tyre 1 according to an embodiment of the present invention.
The tyre 1 in this embodiment can be used for various tyres such as a pneumatic tyre for a passenger car and for heavy
load, and a non-pneumatic tyre not filled with pressurized air therein, for example. The tyre 1 in this embodiment is
suitably used as a pneumatic tyre for a passenger car, for example.
[0023] As shown in Fig. 1, the tyre 1 in this embodiment has a tread portion 2 which is to be in contact with a road
surface during running. It is preferred that the tread portion 2 has a land region 5 divided by a first edge 3 extending in
the tyre circumferential direction and a second edge 4 extending in the tyre circumferential direction. Although not
particularly limited, the land region 5 in this embodiment will be described below with a crown land region 13 as a
representative example of the land region 5.
[0024] Fig. 2 is an enlarged view of the land region 5. As shown in Fig. 2, it is preferred that the land region 5 is provided
with a plurality of sipes 6 extending between the first edge 3 and the second edge 4. The land region 5 configured as
such can ensure a large edge effect by the plurality of the sipes 6, therefore, it is possible that the on-ice/on-snow
performance of the tyre 1 is improved.
[0025] The plurality of the sipes 6 in this embodiment includes inclined sipes 7 and bent sipes 8. Each of the inclined
sipes 7 is inclined in a first direction with respect to a tyre axial direction, for example. It is preferred that each of the
bent sipes 8 includes first inclined elements 8A inclined in the first direction with respect to the tyre axial direction and
a second inclined element 8B inclined in an opposite direction to the first direction.
[0026] The plurality of the sipes 6 in this embodiment includes the inclined sipes 7 and the bent sipes 8, therefore, the
land region 5 is less liable to be twisted, thereby, it is possible that damage of the land region 5 is suppressed even
when an excessive load is applied thereto. Therefore, the durability performance of the tyre 1 in this embodiment is
improved. Further, it is possible that the bent sipes 8 disperse a load applied to the land region 5 tyre axial direction by
the first inclined elements 8A and the second inclined element 8B, therefore, the rigidity of the land region 5 is increased,
thereby, it is possible that the steering stability performance on a dry road surface of the tyre 1 is improved.
[0027] Fig. 3 is a cross-sectional view taken along A-A line of Fig. 2. As shown in Fig. 3, each of the inclined sipes 7
in this embodiment is configured to have a larger depth at a center portion (7b) thereof than at both end portions (7a)
thereof. The depth of each of the inclined sipes 7 configured as such is not constant, therefore, decrease in the rigidity
of the land region 5 is suppressed, thereby, it is possible that the steering stability performance on a dry road surface
of the tyre 1 is improved.
[0028] Fig. 4 is a cross-sectional view taken along B-B line of Fig. 2. As shown in Fig. 4, each of the bent sipes 8 in
this embodiment is configured to have a smaller depth at a center portion (8b) thereof than at both end portions (8a)
thereof. The depth of each of the bent sipes 8 configured as such is not constant, therefore, decrease in the rigidity of
the land region 5 is suppressed, thereby, it is possible that the steering stability performance on a dry road surface of
the tyre 1 is improved.
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[0029] As shown in Figs. 2 to 4, in the land region 5 provided with the inclined sipes 7 and the bent sipes 8 configured
as such, a change in the depth of the inclined sipes 7 is different from a change in the depth of the bent sipes 8, therefore,
the land region 5 is less liable to be twisted, thereby, it is possible that damage of the land region 5 is suppressed even
when an excessive load is applied thereto. Therefore, in the tyre 1 in this embodiment, the durability performance is
improved while both of the steering stability performance on a dry road surface and the on-ice/on-snow performance
are exerted.
[0030] As shown in Fig. 2, it is preferred that the inclined sipes 7 and the bent sipes 8 are arranged alternately in the
tyre circumferential direction. In the land region 5 provided with the inclined sipes 7 and the bent sipes 8 configured as
such, distribution of the rigidity thereof is made uniform, therefore, it is possible that the durability performance of the
tyre 1 is further improved.
[0031] It is preferred that each of the inclined sipes 7 extends linearly. It is preferred that each of the inclined sipes 7
is inclined at an angle θ1 in a range of from 25 to 30 degrees with respect to the tyre axial direction. The inclined sipes
7 configured as such exert larger edge effect in the tyre circumferential direction during running on an icy/snowy road
surface, therefore, it is possible that the on-ice/on-snow performance of the tyre 1 is improved.
[0032] In this specification, dimensions and the like of various parts of the tyre 1 are those measured under a standard
state unless noted otherwise. Further, lengths of various parts of the tyre 1 are those measured on an outer surface
positioned outermost in a tyre radial direction of the tread portion 2. Here, in a case of a pneumatic tyre, the "standard
state" is a state in which the tyre 1 is mounted on a standard rim, inflated to a standard inner pressure, and loaded with
no tyre load.
[0033] The "standard rim" is a wheel rim specified for the concerned tyre by a standard included in a standardization
system on which the tyre is based, for example, the "normal wheel rim" in JATMA, "Design Rim" in TRA, and "Measuring
Rim" in ETRTO.
[0034] The "standard inner pressure" is air pressure specified for the concerned tyre by a standard included in a
standardization system on which the tyre is based, for example, the "maximum air pressure" in JATMA, maximum value
listed in the "TIRE LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" table in TRA, and "INFLATION
PRESSURE" in ETRTO.
[0035] It is preferred that each of the bent sipes 8 is composed of the first inclined elements 8A and the second inclined
element 8B configured to be linear. It is preferred that each of the first inclined elements 8A is inclined at an angle θ2 in
a range of from 25 to 30 degrees with respect to the tyre axial direction. Further, it is preferred that the second inclined
element 8B is inclined at an angle θ3 in a range of from 30 to 35 degrees with respect to the tyre axial direction. It is
possible that the bent sipes 8 configured as such exert the edge effects in the tyre circumferential direction and the tyre
axial direction in a good balance during running on an icy/snowy road surface, therefore, it is possible that the on-ice/on-
snow performance of the tyre 1 is improved.
[0036] It is preferred that the inclined sipes 7 and the first inclined elements 8A extend in parallel to each other. It is
possible that the inclined sipes 7 and the first inclined elements 8A configured as such exert larger edge effect in the
tyre circumferential direction during running on an icy/snowy road surface.
[0037] As shown in Fig. 2 and Fig. 3, it is preferred that both end portions (7a) has an equal length L1 in the tyre axial
direction. Further, it is preferred that a length L2 in the tyre axial direction of the center portion (7b) is equal to the length
L1 in the tyre axial direction of each of the end portions (7a). The inclined sipes 7 configured as such have a uniform
change in the depth, therefore, the rigidity of the land region 5 is distributed in a good balance, thereby, it is possible
that the durability performance of the tyre 1 is improved.
[0038] As shown in Fig. 2 and Fig. 4, in each of the bent sipes 8 in this embodiment, the end portions (8a) are composed
of the first inclined elements 8A and the center portion (8b) is composed of the second inclined element 8B. It is preferred
that each of the first inclined elements 8A forming the end portions (8a) has an equal length L3 in the tyre axial direction.
Further, it is preferred that a length L4 in the tyre axial direction of the second inclined element 8B is larger than the
length L3 in the tyre axial direction of each of the first inclined elements 8A. In the bent sipes 8 configured as such, the
length L4 in the tyre axial direction having a different inclination direction is large, therefore, the rigidity of the land region
5 is distributed in a good balance as a whole, thereby, it is possible that the durability performance of the tyre 1 is improved.
[0039] As shown in Figs. 2 to 4, it is preferred that the length L4 in the tyre axial direction of the second inclined element
8B is in a range of from 110% to 135% of the length L2 in the tyre axial direction of the center portion (7b) of each of
the inclined sipes 7. It is possible that the inclined sipes 7 and the bent sipes 8 configured as such make the rigidity of
the land region 5 proper in a good balance as a whole, therefore, it is possible that the steering stability performance
on a dry road surface of the tyre 1 is improved.
[0040] As shown in Fig. 2, the land region 5 in this embodiment is provided with first lateral grooves 9 each extending
from the first edge 3 to terminate within the land region 5 and second lateral grooves 10 each extending from the second
edge 4 to terminate within the land region 5. It is preferred that the first lateral grooves 9 and the second lateral grooves
10 are arranged alternately in the tyre circumferential direction. The land region 5 configured as such is not provided
with a lateral groove crossing the land region 5, therefore, the rigidity thereof is maintained, thereby, it is possible that
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the steering stability performance on a dry road surface of the tyre 1 is improved. Further, the first lateral grooves 9 and
the second lateral grooves 10 form snow blocks therein and shear them, therefore, the on-ice/on-snow performance of
the tyre 1 is improved.
[0041] A length L6 in the tyre axial direction of each of the second lateral grooves 10 in this embodiment is equal to
a length L5 in the tyre axial direction of each of the first lateral grooves 9. It is preferred that the length L5 in the tyre
axial direction of each of the first lateral grooves 9 and the length L6 in the tyre axial direction of each of the second
lateral grooves 10 are each smaller than the length L1 in the tyre axial direction of the end portions (7a) of each of the
inclined sipes 7. Further, it is preferred that the length L5 in the tyre axial direction of each of the first lateral grooves 9
and the length L6 in the tyre axial direction of each of the second lateral grooves 10 are each larger than the length L3
in the tyre axial direction of the end portions (8a) of each of the bent sipes 8. The first lateral grooves 9 and the second
lateral grooves 10 extend in parallel to each other, for example. It is possible that the first lateral grooves 9 and the
second lateral grooves 10 configured as such improve the on-ice/on-snow performance of the tyre 1 in a good balance
with respect to the tyre axial direction.
[0042] It is preferred that an angle θ4 of each of the first lateral grooves 9 with respect to the tyre axial direction is in
a range of from 25 to 30 degrees. Further, it is preferred that an angle θ5 of each of the second lateral grooves 10 with
respect to the tyre axial direction is in a range of from 25 to 30 degrees. It is preferred that each of the first lateral grooves
9 and the second lateral grooves 10 extends in parallel with the inclined sipes 7. It is possible that the first lateral grooves
9 and the second lateral grooves 10 configured as such, together with the inclined sipes 7, improve the on-ice/on-snow
performance of the tyre 1.
[0043] It is preferred that, in each combination of one first lateral groove 9, one second lateral groove 10, and one
bent sipe 8 adjacent to each other, at least one of the first lateral groove 9 and the second lateral groove 10 is arranged
on an extended line of a corresponding one of the first inclined elements 8A of the bent sipe 8. Each of the first lateral
groove 9 and the second lateral groove 10 in this embodiment is arranged on the extended line of a respective one of
the first inclined elements 8A. It is possible that the first lateral grooves 9 and the second lateral grooves 10 configured
as such, together with the first inclined elements 8A, further improve the on-ice/on-snow performance of the tyre 1.
[0044] As shown in Fig. 1, the tread portion 2 in this embodiment has crown vertical grooves 11 extending in the tyre
circumferential direction adjacently to a tyre equator (C) on both sides thereof and shoulder vertical grooves 12 each
extending in the tyre circumferential direction between a respective one of the crown vertical grooves 11 and its adjacent
one of tread edges (Te).
[0045] Here, in a case of a pneumatic tyre, the tread edges (Te) are defined as outermost ground contacting positions
in the tyre axial direction of the tyre 1 when the tyre 1 in the standard state is in contact with a flat surface with zero
camber angle by being loaded with a standard tyre load. The center position in the tyre axial direction between the tread
edges (Te) is the tyre equator (C).
[0046] The "standard tyre load" is a tyre load specified for the concerned tyre by a standard included in a standardization
system on which the tyre is based, for example, the "maximum load capacity" in JATMA, maximum value listed in "TIRE
LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" table in TRA, and "LOAD CAPACITY" in ETRTO.
[0047] Each of the crown vertical grooves 11 and the shoulder vertical grooves 12 has a groove width of 2% or more
of a tread width TW, for example. Here, the tread width TW is a distance in the tyre axial direction between the tread
edges (Te) in the standard state.
[0048] The tread portion 2 in this embodiment has a plurality of land regions divided by the crown vertical grooves 11
and the shoulder vertical grooves 12. It is preferred that the plurality of the land region includes the crown land region
13 defined between the crown vertical grooves 11, middle land regions 14 each defined between a respective one of
the crown vertical grooves 11 and its adjacent one of the shoulder vertical grooves 12, and shoulder land regions 15
each defined between a respective one of the shoulder vertical grooves 12 and its adjacent one of the tread edges (Te).
[0049] As shown in Fig. 1 and Fig. 2, the land region 5 defined between the first edge 3 and the second edge 4 in this
embodiment is the crown land region 13 arranged on the tyre equator (C). Thereby, the crown land region 13 in this
embodiment is provided with the inclined sipes 7, the bent sipes 8, the first lateral grooves 9, and the second lateral
grooves 10 described above.
[0050] As shown in Fig. 3, it is preferred that a depth (d1) of each of the end portions (7a) of the inclined sipes 7 is in
a range of from 40% to 50% of a depth (D) of each of the crown vertical grooves 11. Further, it is preferred that a depth
(d2) of the center portion (7b) of each of the inclined sipes 7 is in a range of from 65% to 70% of the depth (D) of each
of the crown vertical grooves 11. It is preferred that depth (d2) of the center portion (7b) of each of the inclined sipes 7
is larger than the depth (d1) of each of the end portions (7a) by 1 mm or more. The inclined sipes 7 configured as such
make the rigidity of the crown land region 13 proper, therefore, it is possible that the steering stability performance of
the tyre 1 on a dry road surface is improved.
[0051] As shown in Fig. 4, it is preferred that a depth (d3) of each of the end portions (8a) of the bent sipes 8 is in a
range of from 65% to 70% of the depth (D) of each of the crown vertical grooves 11. Further, it is preferred that a depth
(d4) of the center portion (8b) of each of the bent sipes 8 is in a range of from 40% to 50% of the depth (D) of each of



EP 3 549 790 B1

6

5

10

15

20

25

30

35

40

45

50

55

the crown vertical grooves 11. It is preferred that depth (d4) of the center portion (8b) of each of the bent sipes 8 is
smaller than the depth (d3) of each of the end portions (8a) by 1 mm or more. The bent sipes 8 configured as such make
the rigidity of the crown land region 13 proper, therefore, it is possible that the steering stability performance of the tyre
1 on a dry road surface is improved.
[0052] Fig. 5 is a cross-sectional view taken along C-C line of Fig. 1. As shown in Fig. 5, it is preferred that a depth
(d5) of each of the first lateral grooves 9 is in a range of from 70% to 75% of the depth (D) of each of the crown vertical
grooves 11. It is preferred that a depth (d6) of each of the second lateral grooves 10 is in a range of from 70% to 75%
of the depth (D) of each of the crown vertical grooves 11. It is preferred that the depth (d5) of each of the first lateral
grooves 9 and the depth (d6) of each of the second lateral grooves 10 are equal to each other. It is possible that the
first lateral grooves 9 and the second lateral grooves 10 configured as such improve the on-ice/on-snow performance
of the tyre 1 in a good balance with respect to the tyre axial direction.
[0053] Fig. 6 is an enlarged view of one of the middle land regions 14. As shown in Fig. 6, each of the middle land
regions 14 in this embodiment is provided with first middle lateral grooves 16 and second middle lateral grooves 17
extending from a respective one of the shoulder vertical grooves 12 and third middle lateral grooves 18 extending from
a respective one of the crown vertical grooves 11.
[0054] Each of the first middle lateral grooves 16 includes a first middle element 16A, a second middle element 16B,
and a third middle element 16C, for example. The first middle element 16A extends in the tyre axial direction from a
respective one of the shoulder vertical grooves 12, the second middle element 16B is connected with the first middle
element 16A and extends therefrom, and the third middle element 16C extends in the tyre circumferential direction from
the second middle element 16B, for example. The first middle lateral grooves 16 configured as such can exert snow
shearing force in the tyre circumferential direction and the tyre axial direction, therefore, it is possible that the on-ice/on-
snow performance of the tyre 1 is improved.
[0055] It is preferred that the first middle element 16A and the second middle element 16B extend continuously in the
tyre axial direction. The third middle element 16C in this embodiment extends in a curved manner with respect to the
tyre circumferential direction. The first middle lateral grooves 16 configured as such do not cross the middle land regions
14, therefore, the decrease in the rigidity of the middle land regions 14 is suppressed, thereby, it is possible that the
high steering stability performance of the tyre 1 on a dry road surface is maintained.
[0056] As shown in Fig. 5, it is preferred that a depth (d7) of each of the first middle elements 16A is in a range of from
70% to 75% of the depth (D) of each of the crown vertical grooves 11. Each of the second middle elements 16B in this
embodiment has a depth (d8) smaller than the depth (d7) of each of the first middle elements 16A. It is preferred that
each of the third middle elements 16C has a depth (d9) smaller than the depth (d8) of each of the second middle elements
16B. By the first middle lateral grooves 16 configured as such, the middle land regions 14 are less liable to be twisted,
thereby, damage of the middle land regions 14 is suppressed even when an excessive load is applied thereto, therefore,
it is possible that the durability performance of the tyre 1 is improved.
[0057] As shown in Fig. 6, it is preferred that each of the second middle lateral grooves 17 extends from the shoulder
vertical grooves 12 to terminate within a respective one of the middle land regions 14. It is preferred that each of the
third middle lateral grooves 18 extends from a respective one of the crown vertical grooves 11 to terminate within a
respective one of the middle land regions. The second middle lateral grooves 17 and the third middle lateral grooves
18 configured as such form snow blocks therein and shear them, therefore, the on-ice/on-snow performance of the tyre
1 is improved.
[0058] It is preferred that each of the second middle lateral grooves 17 has a chamfered portion (17a) at an opening
portion (17b) thereof with a respective one of the shoulder vertical grooves 12, for example. It is possible that the second
middle lateral grooves 17 configured as such, together with the shoulder vertical grooves 12, improve the on-ice/on-
snow performance of the tyre 1.
[0059] It is preferred that each of the third middle lateral grooves 18 has a chamfered portion (18a) at an opening
portion (18b) thereof with a respective one of the crown vertical grooves 11, for example. It is preferred that the opening
portion (18b) of each of the third middle lateral grooves 18 faces a respective one of the inclined sipes 7 of the crown
land region 13 with a respective one of the crown vertical grooves 11 therebetween. It is possible that the third middle
lateral grooves 18 configured as such, together with the crown vertical grooves 11 and the inclined sipes 7, improve the
on-ice/on-snow performance tyre 1.
[0060] Each of the second middle lateral grooves 17 is arranged on an extended line of the third middle element 16C
of a respective one of the first middle lateral grooves 16, for example. Each of the third middle lateral grooves 18 in this
embodiment is arranged on an extended line of a respective one of the second middle lateral grooves 17. Thereby, the
first middle lateral grooves 16, the second middle lateral grooves 17, and the third middle lateral grooves 18 cooperate
with each other to improve the on-ice/on-snow performance of the tyre 1.
[0061] As shown in Fig. 5, it is preferred that each of the second middle lateral grooves 17 has a depth (d10) in a
range of from 70% to 75% of the depth (D) of each of the crown vertical grooves 11. It is preferred that each of the third
middle lateral grooves 18 has a depth (d11) in a range of from 70% to 75% of the depth (D) of each of the crown vertical
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grooves 11. It is preferred that the depth (d10) of each of the second middle lateral grooves 17 and the depth (d11) of
each of the third middle lateral grooves 18 are equal to each other. It is possible that the second middle lateral grooves
17 and the third middle lateral grooves 18 configured as such improve the on-ice/on-snow performance of the tyre 1 in
a good balance with respect to the tyre axial direction.
[0062] As shown in Fig. 6, each of the middle land regions 14 in this embodiment is provided with first middle sipes
19 and second middle sipes 20. Each of the first middle sipes 19 extends from a respective one of the shoulder vertical
grooves 12 to terminate within a respective one of the middle land regions 14. Each of the second middle sipes 20
extends from a respective one of the crown vertical grooves 11 to terminate within a respective one of the middle land
regions 14. It is preferred that each of the second middle sipes 20 is arranged on an extended line of a respective one
of the first middle sipes 19. It is possible that the first middle sipes 19 and the second middle sipes 20 configured as
such cooperate with each other to exert a large edge effect, therefore, both of the steering stability performance on a
dry road surface and the on-ice/on-snow performance of the tyre 1 are exerted without decreasing the rigidity of the
middle land regions 14.
[0063] In each combination of one third middle element 16C, one first middle sipe 19 and one second middle sipe 20
adjacent to each other, the third middle element 16C is arranged between the first middle sipe 19 and the second middle
sipe 20 in this embodiment. The first middle lateral grooves 16, the first middle sipes 19, and the second middle sipes
20 configured as such cooperate with each other to improve the on-ice/on-snow performance of the tyre 1 while main-
taining the rigidity of the middle land regions 14 high.
[0064] It is preferred that each of the middle land regions 14 is provided with third middle sipes each connecting
between a respective one of the first middle lateral grooves 16 and its adjacent one of the crown vertical grooves 11.
Each of the third middle sipes connects between the second middle element 16B of a respective one of the first middle
lateral grooves 16 and its adjacent one of the crown vertical grooves 11, for example. It is possible that the third middle
sipes configured as such improve the on-ice/on-snow performance of the tyre 1 by the edge effect thereof, while main-
taining the high rigidity of the middle land regions 14.
[0065] As shown in Fig. 1, the shoulder land regions 15 in this embodiment is provided with first shoulder lateral
grooves 22, second shoulder lateral grooves 23, and shoulder sipes 24. Each of the first shoulder lateral grooves 22,
the second shoulder lateral grooves 23, and the shoulder sipes 24 extends from a respective one of the tread edges
(Te) in the tyre axial direction. It is preferred that each of the shoulder land regions 15 is provided with a narrow groove
25 extending continuously in the tyre circumferential direction.
[0066] In each of the shoulder land regions 15, each of the first shoulder lateral grooves 22 in this embodiment extends
from the tread edge (Te) and beyond the narrow groove 25 to the shoulder vertical groove 12. It is preferred that each
of the first shoulder lateral grooves 22 has a chamfered portion (22a) at an opening portion (22b) thereof with its adjacent
one of the shoulder vertical grooves 12. The first shoulder lateral grooves 22 configured as such form snow blocks
therein and shear them, therefore, the on-ice/on-snow performance of the tyre 1 is improved. Further, it is possible that
the first shoulder lateral grooves 22 cooperate with the shoulder vertical grooves 12 to improve the on-ice/on-snow
performance of the tyre 1.
[0067] Each of the second shoulder lateral grooves 23 in this embodiment extends from a respective one of the tread
edges (Te) to a respective one of the narrow grooves 25. The second shoulder lateral grooves 23 configured as such
form snow blocks therein and shear them, therefore, the on-ice/on-snow performance of the tyre 1 is improved. Further,
the second shoulder lateral grooves 23 do not cross the shoulder land regions 15, therefore, the rigidity of the shoulder
land regions 15 is increased, thereby, it is possible that the steering stability performance of the tyre 1 on a dry road
surface is improved.
[0068] It is preferred that the first shoulder lateral grooves 22 and the second shoulder lateral grooves 23 are arranged
alternately in the tyre circumferential direction. The shoulder land regions 15 provided with the first shoulder lateral
grooves 22 and the second shoulder lateral grooves 23 configured as such disperses the rigidity thereof in a good
balance, therefore, It is possible that the durability performance of the tyre 1 is improved.
[0069] Each of the shoulder sipes 24 in this embodiment extends from a respective one of the tread edges (Te) to its
adjacent one of the narrow grooves 25. At least one shoulder sipe 24, two shoulder sipes 24 in this embodiment, is
arranged between each pair of the first shoulder lateral groove 22 and the second shoulder lateral groove 23 adjacent
to each other in the tyre circumferential direction. It is possible that the shoulder sipes 24 configured as such improve
the on-ice/on-snow performance of the tyre 1 by the edge effect thereof while maintaining the rigidity of the shoulder
land regions 15 high.
[0070] A groove width of each of the narrow grooves 25 is smaller than 2% of the tread width TW, for example. It is
possible that the narrow grooves 25 configured as such exert large edge effect in the tyre axial direction and improve
the on-ice/on-snow performance of the tyre 1 while maintaining the rigidity of the shoulder land regions 15 high.
[0071] While detailed description has been made of the tyres as especially preferred embodiments of the present
invention, the present invention can be embodied in various forms without being limited to the illustrated embodiments.
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Working Examples (Examples)

[0072] Tyres having the basic pattern shown in Fig. 1 were made by way of test according to the specifications listed
in Table 1. Each of the test tyres was tested for the steering stability performance, the on-ice/on-snow performance, and
the durability performance.
[0073] Common specifications of each of the test tyres and the test methods were as follows.

Tyre size: 215/60R16
Tyre rim: 16 x 6.5J

< Steering stability performance >

[0074] Each of the test tyres was mounted on all wheels of a test vehicle of front wheel drive mid-size passenger car
and then inflated to a tyre inner pressure of 240 kPa. While a test driver drove the test vehicle on a dry road surface,
the steering stability performance was evaluated by the driver’s feeling. The test results are indicated by an index based
on Reference 1 being 100, wherein the larger the numerical value, the better the steering stability performance is.

< On-ice/on-snow performance >

[0075] Each of the test tyres was mounted on all wheels of the test vehicle of front wheel drive mid-size passenger
car and then inflated to the tyre inner pressure of 240 kPa. While the test driver drove the test vehicle on an icy/snowy
road surface, the steering stability performance was evaluated by the driver’s feeling. The test results are indicated by
an index based on the Reference 1 being 100, wherein the larger the numerical value, the better the on-ice/on-snow
performance is.

< Durability performance >

[0076] Each of the test tyres was inflated to a tyre inner pressure of 220 kPa and mounted on a bench durability testing
machine. Each of the test tyres was run at a speed equivalent to 120 km/h, and the durability performance was evaluated
while the tyre load applied to the test tyre was changed stepwise. The test results are indicated by an index based on
the Reference 1 being 100, wherein the larger the numerical value, the better the durability performance is.
[0077] The test results are shown in Table 1.

Table 1

Ref.1 Ref.2 Ref.3 Ref.4 Ex.1 Ex.2 Ex.3

Magnitude relation between 
Depth (d1) at both End portions 
and Depth (d2) at Center 
portion of Inclined sipe

d1=d2 d1<d2 d1<d2 d1<d2 d1<d2 d1<d2 d1<d2

Magnitude relation between 
Depth (d3) at both End portions 
and Depth (d4) at Center 
portion of Bent sipe

d3>d4 d3=d4 d3<d4 d3>d4 d3>d4 d3>d4 d3>d4

Inclination direction of First 
inclined element and Second 
inclined element

opposite opposite opposite same opposite opposite opposite

Magnitude relation between 
Length L1 at both End portions 
and Length L2 at Center portion 
of Inclined sipe

L1=L2 L1=L2 L1=L2 L1=L2 L1=L2 L1<L2 L1=L2

Magnitude relation between 
Length L3 at both End portions 
and Length L4 at Center portion 
of Bent sipe

L3<L4 L3<L4 L3<L4 L3<L4 L3<L4 L3<L4 L3=L4



EP 3 549 790 B1

9

5

10

15

20

25

30

35

40

45

50

55

[0078] From the test results, it was confirmed that the durability performance is improved while both the steering
stability performance on a dry road surface and the on-ice/on-snow performance are exerted in a good balance for the
tyres as the Examples as compared with the tyres as the References.

Claims

1. A tyre (1) comprising a tread portion (2) comprising a land region (13) divided by a first edge (3) extending in a tyre
circumferential direction and a second edge (4) extending in the tyre circumferential direction, wherein
the land region (13) is provided with a plurality of sipes (6) each extending between the first edge (3) and the second
edge (4),
the plurality of the sipes (6) includes inclined sipes (7) and bent sipes (8),
the inclined sipes (7) are inclined in a first direction with respect to a tyre axial direction,
each of the bent sipes (8) includes first inclined elements (8A) inclined in the first direction with respect to the tyre
axial direction and a second inclined element (8B) inclined in a direction opposite to the first inclined elements (8A)
with respect to the tyre axial direction,
each of the inclined sipes (7) is configured to have a depth larger at a center portion (7b) thereof than at both end
portions (7a) thereof, and
each of the bent sipes (8) is configured to have a depth smaller at a center portion (8b) thereof than at both end
portions (8A) thereof, characterised in that
in each of the bent sipes (8), the end portions (8a) are formed by the first inclined elements (8A) and the center
portion (8b) is formed by the second inclined element (8B), and wherein a length (L4) in the tyre axial direction of
the second inclined element (8B) is larger than a length (L3) in the tyre axial direction of each of the first inclined
elements (8A).

2. The tyre according to claim 1, wherein
the inclined sipes (7) and the bent sipes (8) are arranged alternately in the tyre circumferential direction.

3. The tyre according to claim 1 or 2, wherein
each of the inclined sipes (7) extends linearly.

4. The tyre according to any one of claims 1 to 3, wherein
each of the bent sipes (8) is composed of the first inclined elements (8A) and the second inclined element (8B)
configured to be linear.

5. The tyre according to claim 1, wherein
the first inclined elements (8A) forming the end portions (8a) have an equal length (L3) to each other in the tyre axial
direction.

6. The tyre according to claim 1, wherein
a length (L4) in the tyre axial direction of the second inclined element (8B) is in a range of from 110% to 135% of a
length (L2) in the tyre axial direction of the center portion (7b) of each of the inclined sipes (7).

7. The tyre according to any one of claims 1 to 6, wherein
the inclined sipes (7) and the first inclined elements (8A) extend in parallel to each other.

(continued)

Ref.1 Ref.2 Ref.3 Ref.4 Ex.1 Ex.2 Ex.3

Steering stability 
performance [index] 100 100 85 100 105 100 100

On-ice/on-snow 
performance [index] 100 95 95 75 110 100 105

Durability 
performance [index] 100 95 105 100 120 110 105
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8. The tyre according to any one of claims 1 to 7, wherein
the land region (13) is provided with first lateral grooves (9) and second lateral grooves (10),
each of the first lateral grooves (9) extends from the first edge (3) to terminate within the land region (13),
each of the second lateral grooves (10) extends from the second edge (4) to terminate within the land region (13), and
the first lateral grooves (9) and the second lateral grooves (10) are arranged alternately in the tyre circumferential
direction.

9. The tyre according to claim 8, wherein
in a combination of one first lateral groove (9), one second lateral groove (10), and one bent sipe (8) adjacent to
each other, at least one of the first lateral groove (9) and the second lateral groove (10) is arranged on an extended
line of a corresponding one of the first inclined elements (8A) of the bent sipe (8).

10. The tyre according to claim 8 or 9, wherein
a length (L6) in the tyre axial direction of each of the second lateral grooves (10) is equal to a length (L5) in the tyre
axial direction of each of the first lateral grooves (9).

11. The tyre according to any one of claims 1 to 10, wherein
the land region (13) is arranged on a tyre equator (C).

Patentansprüche

1. Reifen (1) mit einem Laufflächenabschnitt (2), der einen Landbereich (13) umfasst, der durch eine erste Kante (3),
die sich in einer Reifenumfangsrichtung erstreckt, und eine zweite Kante (4), die sich in der Reifenumfangsrichtung
erstreckt, abgeteilt ist, wobei

der Landbereich (13) mit einer Vielzahl von Feinschnitten (6) versehen ist, die sich jeweils zwischen der ersten
Kante (3) und der zweiten Kante (4) erstrecken,
die Vielzahl der Feinschnitte (6) geneigte Feinschnitte (7) und gebogene Feinschnitte (8) umfasst,
die geneigten Feinschnitte (7) in einer ersten Richtung in Bezug auf eine axiale Richtung des Reifens geneigt
sind,
ein jeder der gebogenen Feinschnitte (8) erste geneigte Elemente (8A) aufweist, die in der ersten Richtung in
Bezug auf die axiale Richtung des Reifens geneigt sind, und ein zweites geneigtes Element (8B), das in einer
Richtung entgegengesetzt zu den ersten geneigten Elementen (8A) in Bezug auf die axiale Richtung des Reifens
geneigt ist,
ein jeder der geneigten Feinschnitte (7) so konfiguriert ist, dass er in seinem Mittelabschnitt (7b) eine größere
Tiefe aufweist als an seinen beiden Endabschnitten (7a), und
ein jeder der gebogenen Feinschnitte (8) so konfiguriert ist, dass er an seinem Mittelabschnitt (8b) eine geringere
Tiefe aufweist als an seinen beiden Endabschnitten (8A),
dadurch gekennzeichnet, dass
in einem jeden der gebogenen Feinschnitte (8), die Endabschnitte (8b) durch die ersten geneigten Elemente
(8A) gebildet sind und der Mittelabschnitt durch das zweite geneigte Element (8B) gebildet ist, und wobei eine
Länge (L4) in der axialen Richtung des Reifens des zweiten geneigten Elements (8B) größer als eine Länge
(L3) in der axialen Richtung des Reifens eines jeden der ersten geneigten Elemente (8A) ist.

2. Reifen nach Anspruch 1, wobei die geneigten Feinschnitte (7) und die gebogenen Feinschnitte (8) abwechselnd in
der Reifenumfangsrichtung angeordnet sind.

3. Reifen nach Anspruch 1 oder 2, wobei ein jeder der geneigten Feinschnitte (7) linear verläuft.

4. Reifen nach einem der Ansprüche 1 bis 3, wobei ein jeder der gebogenen Feinschnitte (8) aus den ersten geneigten
Elementen (8A) und dem zweiten geneigten Element (8B) zusammengesetzt ist, die derart konfiguriert sind, dass
sie linear sind.

5. Reifen nach Anspruch 1, wobei die ersten geneigten Elemente (8A), die die Endabschnitte (8a) bilden, in der axialen
Richtung des Reifens die gleiche Länge (L3) aufweisen.

6. Reifen nach Anspruch 1, wobei eine Länge (L4) in der axialen Richtung des Reifens des zweiten geneigten Elements
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(8B) in einem Bereich von 110 % bis 135 % einer Länge (L2) in der axialen Richtung des Mittelabschnitts (7b) eines
jeden der geneigten Feinschnitte (7) liegt.

7. Reifen nach einem der Ansprüche 1 bis 6, wobei die geneigten Feinschnitte (7) und die ersten geneigten Elemente
(8A) parallel zueinander verlaufen.

8. Reifen nach einem der Ansprüche 1 bis 7, wobei

der Landbereich (13) mit ersten Querrillen (9) und zweiten Querrillen (10) versehen ist,
eine jede der ersten Querrillen (9) sich von der ersten Kante (3) bis in den Landbereich (13) erstreckt,
eine jede der zweiten Querrillen (10) sich von der zweiten Kante (4) aus derart erstreckt, dass sie innerhalb
des Landbereichs (13) endet, und die ersten Querrillen (9) und die zweiten Querrillen (10) abwechselnd in der
Reifenumfangsrichtung angeordnet sind.

9. Reifen nach Anspruch 8, wobei in einer Kombination aus einer ersten Querrille (9), einer zweiten Querrille (10) und
einem gebogenen Feinschnitt (8), die einander benachbart sind, mindestens eine der ersten Querrille (9) und der
zweiten Querrille (10) auf einer verlängerten Linie eines entsprechenden der ersten geneigten Elemente (8A) des
gebogenen Feinschnitts (8) angeordnet ist.

10. Reifen nach Anspruch 8 oder 9, wobei eine Länge (L6) in der axialen Richtung des Reifens von jeder der zweiten
Querrillen (10) gleich einer Länge (L5) in der axialen Richtung des Reifens von jeder der ersten Querrillen (9) ist.

11. Reifen nach einem der Ansprüche 1 bis 10, wobei der Landbereich (13) auf einem Reifenäquator (C) angeordnet ist.

Revendications

1. Pneumatique (1) comprenant une portion formant bande de roulement (2) comprenant une région en relief (13)
divisée par un premier bord (3) s’étendant dans une direction circonférentielle du pneumatique et par un second
bord (4) s’étendant dans la direction circonférentielle du pneumatique, dans lequel
la région en relief (13) est dotée d’une pluralité de fentes (6) s’étendant chacune entre le premier bord (3) et le
second bord (4),
la pluralité de fentes (6) inclut des fentes inclinées (7) et des fentes incurvées (8),
les fentes inclinées (7) sont inclinées dans une première direction par rapport à une direction axiale du pneumatique,
chacune des fentes incurvées (8) inclut des premiers éléments inclinés (8A) inclinés dans la première direction par
rapport à la direction axiale du pneumatique et un second élément incliné (8B) incliné dans une direction opposée
aux premiers éléments inclinés (8A) par rapport à la direction axiale du pneumatique,
chacune des fentes inclinées (7) est configurée pour avoir une profondeur plus grande au niveau d’une portion
centrale (7b) de celle-ci qu’au niveau des deux portions d’extrémité (7a) de celle-ci, et chacune des fentes incurvées
(8) est configurée pour avoir une profondeur plus petite au niveau d’une portion centrale (8b) de celle-ci qu’au niveau
des deux portions d’extrémité (8A) de celle-ci,
caractérisé en ce que
dans chacune des fentes incurvées (8), les portions d’extrémité (8a) sont formées par les premiers éléments inclinés
(8A) et la portion centrale (8b) est formée par le second élément incliné (8B), et dans lequel une longueur (L4) dans
la direction axiale du pneumatique du second élément incliné (8B) est plus grande qu’une longueur (L3) dans la
direction axiale du pneumatique de chacun des premiers éléments inclinés (8A).

2. Pneumatique selon la revendication 1, dans lequel
les fentes inclinées (7) et les fentes incurvées (8) sont agencées en alternance dans la direction circonférentielle
du neumatique.

3. Pneumatique selon la revendication 1 ou 2, dans lequel
chacune des fentes inclinées (7) s’étend linéairement.

4. Pneumatique selon l’une quelconque des revendications 1 à 3, dans lequel
chacune des fentes incurvées (8) est composée des premiers éléments inclinés (8A) et du second élément incliné
(8B) configurés pour être linéaires.
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5. Pneumatique selon la revendication 1, dans lequel
les premiers éléments inclinés (8A) formant les portions d’extrémité (8a) ont une longueur égale (L3) les uns les
autres dans la direction axiale du pneumatique.

6. Pneumatique selon la revendication 1, dans lequel
une longueur (L4) dans la direction axiale du pneumatique du second élément incliné (8B) est dans une plage de
110 % à 135 % d’une longueur (L2) dans la direction axiale du pneumatique de la portion centrale (7b) de chacune
des fentes inclinées (7).

7. Pneumatique selon l’une quelconque des revendications 1 à 6, dans lequel
les fentes inclinées (7) et les premiers éléments inclinés (8A) s’étendent en parallèle les unes aux autres.

8. Pneumatique selon l’une quelconque des revendications 1 à 7, dans lequel
la région en relief (13) est dotée de premières rainures latérales (9) et de secondes rainures latérales (10),
chacune des premières rainures latérales (9) s’étend depuis le premier bord (3) pour se terminer à l’intérieur de la
région en relief (13),
chacune des secondes rainures latérales (10) s’étend depuis le second bord (4) pour se terminer à l’intérieur de la
région en relief (13), et
les premières rainures latérales (9) et les secondes rainures latérales (10) sont agencées en alternance dans la
direction circonférentielle du pneumatique.

9. Pneumatique selon la revendication 8, dans lequel
dans une combinaison d’une première rainure latérale (9), d’une seconde rainure latérale (10) et d’une fente incurvée
(8) adjacentes les unes aux autres, au moins une rainure parmi la première rainure latérale (9) et la seconde rainure
latérale (10) est agencée sur une ligne en extension d’un élément correspondant parmi les premiers éléments
inclinés (8A) de la fente incurvée (8).

10. Pneumatique selon la revendication 8 ou 9, dans lequel
une longueur (L6) dans la direction axiale du pneumatique de chacune des secondes rainures latérales (10) est
égale à une longueur (L5) dans la direction axiale du pneumatique de chacune des premières rainures latérales (9).

11. Pneumatique selon l’une quelconque des revendications 1 à 10, dans lequel
la région en relief (13) est agencée sur un équateur de pneumatique (C).
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