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Description

Technical field

[0001] The present invention relates to a tread for a pneumatic tyre, and in particular relates to a tread for a pneumatic
tyre in which drainage performance can be maintained and air column resonance sound can be reduced by forming
groove fences in circumferential grooves of the tread, while the groove fences can be caused to wear to a degree
equivalent to that of the tread portion.

Background art

[0002] Air column resonance sound in circumferential grooves formed in tyre treads is generated by means of resonance
in a tube (air column) formed by the circumferential groove and the road surface, and the resonant frequency depends
on the length of the air column formed between the circumferential groove and the road surface.
[0003] This air column resonance sound manifests itself in the form of noise inside and outside the vehicle, and its
peak is often at around 1kHz, which readily reaches the human ear. As a technique for reducing the air column resonance
noise of circumferential grooves it is known to reduce the air column resonance noise by interrupting the flow of air in
the direction in which the circumferential groove is formed, by providing so-called groove fences, in other words protru-
sions, which extend from the bottom or the walls of the circumferential groove, blocking all or most of the circumferential
groove. However, interrupting the flow of air in the direction in which the circumferential groove is formed also interrupts
the flow within the circumferential groove of water that penetrates into the circumferential groove when being driven on
a wet road surface, and because there is a deterioration in the drainage of water interposed between the pneumatic tyre
and the road surface, handling stability on wet road surfaces deteriorates.
[0004] Figure 4 of Patent literature article 1 discloses a technique aimed at achieving both drainage and a reduction
in air column resonance sound by disposing within a circumferential groove three groove fences spaced apart from each
other and extending respectively from the groove bottom and from opposing groove walls within the groove.
[0005] Also, Figure 3 of Patent literature article 2 discloses a technique aimed at achieving both drainage and a
reduction in air column resonance sound by disposing groove fences, which extend from the bottom of a circumferential
groove, in such a way that the greater part thereof from the opening of the circumferential groove does not touch the
groove walls. WO 2010/063749, which shows a tread according to the preamble of claim 1, JP 2010-052698, WO
2011/089107, JP H03-276802, and JP 2010-052699 disclose tread patterns including a fence in a circumferential groove.

Prior art literature

Patent literature

[0006]

Patent literature article 1: Japanese Patent Kokai 1999-105511
Patent literature article 2: Japanese Patent Kokai 2006-341655

Summary of the invention

Problems to be resolved by the invention

[0007] However, with the techniques disclosed in the abovementioned Patent literature article 1 and Patent literature
article 2, in order for the groove fences to function, the groove fences are thin in the circumferential direction of the tyre
and deform readily, but there are problems in that depending on the material used groove fences which deform readily
do not wear readily when being driven repeatedly, a difference arises between the amount of wear of the groove fence
and that of the tread portion, and as a result the groove fence protrudes from the tread part and the groove fence hits
the road surface generating an abnormal sound. Generation of such an abnormal sound contradicts the original role of
the groove fence described above, namely to reduce noise by reducing the amount of air column resonance sound.
There is also a problem in that by virtue of the fact that the groove fence protrudes from the tread portion, unintended
parts of the groove fence come into contact with the ground and are subjected to wear, and the groove fence becomes
damaged when being driven.
[0008] To this end, the present invention is intended to resolve the problems faced by the prior art described above,
and its aim is to provide a pneumatic tire in which groove fences can be caused to wear to a degree equivalent to that
of the tread portion, while reducing the air column resonance sound and maintaining drainage performance.
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Means of overcoming the problems

[0009] In order to achieve the abovementioned objective, the present invention provides a tread as defined in appended
claim 1. Preferred embodiments are defined in the appended dependent claims. The present application also discloses
a tread for a pneumatic tyre having at least one circumferential groove having a bottom portion and opposing walls, at
least two ribs adjacent to the circumferential groove, and a plurality of groove fences formed within the at least one
circumferential groove such that the circumferential groove is interrupted, wherein that the groove fences are formed
extending from the bottom portion of the circumferential groove in a direction perpendicular to the axis of rotation of the
tyre in such a way that there are gaps to the
walls, and at least 70% of the cross-sectional area of the circumferential groove in which the abovementioned groove
fences are formed is blocked, and in that the bending parameter of the groove fences, defined as 

where E is the modulus at 10% elongation of the material used for the groove fences, I is the second moment of area
of the groove fence, on a cross section extending in a circumferential direction and a direction of the axis of rotation of
the tyre, h is the height of the groove fence, and 1 is the width of the groove fence in the direction of the axis of rotation
of the tyre, is at least equal to 250Pa and at most equal to 350Pa.
[0010] In the present invention configured in this way, the groove fences which are formed extending in the radial
direction of the tyre inside the circumferential groove from the bottom portion thereof and which block at least 70% of
the cross-sectional area of the circumferential groove, alter, relative to a case in which groove fences are not formed,
the length of an air column formed between the circumferential groove and the road surface, and it is straightforward to
shift the peak of the air column resonance sound away from the frequency band which readily reaches the human ear,
and as a result noise due to the air column resonance sound is improved.
[0011] Further, in the present invention the configuration is such that the bending parameter of the groove fences,
defined as E-I/(h3l), is at most equal to 350Pa, and thus the groove fences collapse under the pressure of water that
has penetrated into the circumferential groove, and drainage of the circumferential groove can be ensured. In other
words, if the bending parameter of the groove fences is larger than 350Pa then the groove fences become less liable
to collapse under the pressure of water that has penetrated into the circumferential groove, and thus drainage performance
deteriorates.
[0012] Further, in the present invention the configuration is such that the bending parameter of the groove fences,
defined as E·I/(h3l), is at least equal to 250Pa, and thus when a groove fence is in direct contact with the road surface
while passing through the tread footprint when the tyre is rolling, it is possible to cause an appropriate contact pressure
to be generated between the road surface and the groove fence without excessive bending occurring when the distal
end portion of the groove fence comes into contact with the road surface and is subjected to a reaction force, and as a
result the groove fence can be caused to wear to a degree equivalent to the amount of wear of the tread portion which
has at least two ribs. In other words, if the bending parameter of the groove fences is smaller than 250Pa then the groove
fences buckle under the reaction force when in contact with the road surface, an appropriate contact pressure cannot
be generated between the road surface and the groove fence, and it is thus not possible to cause the groove fence to
wear to a degree equivalent to that of the tread portion.
[0013] Here, the bending parameter of the groove fences is defined as E·I(h3l). Here, E is the modulus at 10% elongation
(M10) of the material used for the groove fences, 1 is the width of the groove fence projected onto a surface parallel to
the axis of rotation of the tyre, and I is the second moment of area. The second moment of area I is defined as 

for cases in which the abovementioned groove fence has a fixed width 1 in its height direction, and the groove fence
has a fixed thickness e.
[0014] Further, h is the height of the groove fence in a direction perpendicular to the axis of rotation of the tyre. Thus
the bending parameter of the groove fence: E·I/(h3l) is a compound function of the dimensions of the groove fence and
the properties of the material used for the groove fence.
[0015] In developing a tread for a pneumatic tyre in which, as described hereinabove, the groove fence is caused to
wear to a degree equivalent to that of the tread portion, while air column resonance sound is reduced and drainage
performance is maintained, the inventors found this groove fence bending parameter 
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to be a parameter suitable for evaluating these effects (in particular drainage performance and groove fence wear
performance), and found through analysis and experimentation that the effects described above could be obtained
effectively if the parameter was within the range of values mentioned above (at least equal to 250Pa and at most equal
to 350Pa).
[0016] Here, ’groove’ refers to a space having a width and a depth and demarcated by two walls which under normal
usage conditions do not come into contact with each other.
[0017] Further,’circumferential groove’ refers to a groove which extends in the circumferential direction of the tyre,
including not only straight grooves but also grooves which extend around the whole tyre in the circumferential direction
in a zigzag or wave-like fashion.
[0018] Further, ’tread footprint’ refers to the surface region of the tread that is in contact with the road surface when
the tyre is mounted on an applicable rim as defined in the industrial standards mentioned below, is inflated to its rated
pressure and a rated load is applied.
[0019] Further, ’standards’ are defined by industrial standards that are valid in the region in which the tyre is manu-
factured or used. Examples of industrial standards are: in Europe, the ETRTO (The European Tyre and Rim Technical
Organisation) "Standards Manual"; in the USA, the TRA (the Tire and Rim Association, Inc.) "Year Book"; and in Japan,
the Japan Automobile Tyre Manufacturers Association (JATMA) "JATMA Year Book". Further, ’applicable rim’ refers to
a rim prescribed in these standards according to the size of the tyre, ’rated pressure’ refers to the air pressure prescribed
in these standards corresponding with the load-carrying capacity, and ’rated load’ refers to the maximum mass with
which the tyre is permitted to be loaded according to these standards.
[0020] Further, the ’modulus of the material’ in the present invention refers to the tensile stress (modulus) at 10%
elongation (M10) obtained by a vulcanised rubber composition tensile test at 23°C measured in conformance with
JISK6251, and in the present invention the tensile stress at 10% elongation in a test based on this JIS standard is used
as the value ’E’ mentioned above. For the test specimens, unvulcanised rubber composition is vulcanised for 40 minutes
at 150°C and is punched out using a prescribed dumbbell-shaped or ring-shaped punch cutting die. The test specimens
may be collected from vulcanised tyres. In this case the collected rubber composition is sliced into thin sections having
a thickness of between 0.4mm and 10mm, and is punched out using a ring-shaped punch cutting die with an outer
diameter in the range of 3mm to 10mm. The elongation of the test specimens is measured after the test specimens have
been stress softened, and is computed by dividing the tensile force at 10% elongation by the initial cross-sectional area
of the test specimen. The measurements are performed in conformance with JISK6250 and under conditions of standard
temperature (2362°C) and humidity (relative humidity 5065%).
[0021] In the present invention, the modulus at 10% elongation (M10) of the material used for the groove fences is
preferably between 2.0Mpa and 8.0MPa. In the present invention configured in this way, drainage can be ensured and
the groove fences can be caused to wear to approximately the same degree as the tread portion, while achieving a
reduction in the air column resonance sound. In other words, if the modulus at 10% elongation (M10) of the material
used for the groove fences is smaller than 2.0MPa, then there is an increased danger that the groove fences will buckle
when in contact with the road surface, due to reduced material stiffness, and it thus becomes difficult to cause the groove
fences to wear to approximately the same degree as the tread portion. On the other hand, if the modulus at 10% elongation
(M10) of the material used for the groove fences is larger than 8.0MPa, then due to the higher material stiffness it becomes
difficult to cause the groove fences to collapse under the pressure of water that has penetrated into the circumferential
groove. Therefore, if the modulus at 10% elongation (M10) of the material used for the groove fences is set to between
2.0MPa and 8.0MPa, then drainage can be ensured and the groove fences can be caused to wear to a degree equivalent
to that of the tread portion, while achieving a reduction in the air column resonance sound.
[0022] In the present invention the thickness of the groove fences is preferably between 0.5mm and 0.7mm. In the
present invention configured in this way, drainage can be ensured and the groove fences can be caused to wear to a
degree equivalent to that of the tread portion, while achieving a reduction in the air column resonance sound. In other
words, if the thickness of the groove fences is smaller than 0.5mm, then there is an increased danger that the groove
fences will buckle when in contact with the road surface, due to reduced dimensional stiffness of the groove fences, and
it thus becomes difficult to cause the groove fences to wear to approximately the same degree as the tread portion. On
the other hand, if the thickness of the groove fences is larger than 0.7mm, then due to the higher dimensional stiffness
of the groove fences it becomes difficult to cause the groove fences to collapse under the pressure of water that has
penetrated into the circumferential groove. Therefore, if the thickness of the groove fences is set to between 0.5mm and
0.7mm, then drainage can be ensured and the groove fences can be caused to wear to a degree equivalent to that of
the tread portion, while achieving a reduction in the air column resonance sound.
[0023] In the present invention, the material used for the groove fences is preferably the same material as the tread
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part including the at least two ribs. In the present invention configured in this way, drainage can be ensured and the
groove fences can be caused to wear to a degree equivalent to that of the tread portion while achieving a reduction in
the air column resonance sound, without the use of a special process during manufacture, since a special material is
not used for the groove fence portion.
[0024] In the present invention, the material used for the groove fences is preferably a different material to the tread
part including the at least two ribs. In the present invention configured in this way, drainage can be ensured and the
groove fences can be caused to wear to a degree equivalent to that of the tread portion while achieving a reduction in
the air column resonance sound, even if a special material is used for the tread portion, which is critical to the performance
when in contact with the ground, since it is possible to use for the groove fence portion an appropriate material adapted
to the dimensions thereof.
[0025] In the present invention the cross-sectional shape of the groove fences is preferably rectangular.
[0026] In the present invention configured in this way, an effective groove fence bending efficiency can be obtained
since the cross-sectional shape of the groove fences is rectangular, and as a result drainage can be ensured more
reliably and the groove fences can be caused to wear to a degree equivalent to that of the tread portion while achieving
a reduction in the air column resonance sound.

Advantages of the invention

[0027] When the pneumatic tyre tread according to the present invention is employed, the groove fences can be
caused to wear to a degree equivalent to that of the tread portion, while the air column resonance sound is reduced and
drainage performance is maintained.

Brief explanation of the figures

[0028]

[Figure 1] is a diagram illustrating schematically a tread for a pneumatic tyre according to an embodiment of the
present invention.
[Figure 2] is an enlarged sectional view of the tread for a pneumatic tyre as viewed along line II-II in Figure 1.
[Figure 3] is an enlarged sectional view of the tread for a pneumatic tyre as viewed along line III-III in Figure 1.
[Figure 4] is a diagram which illustrates, similarly to Figure 2, an enlarged sectional view of the tread for a pneumatic
tyre as viewed along line II-II in Figure 1, illustrating schematically a state in which the tyre is being driven on a wet
road surface.
[Figure 5] is a diagram which illustrates, similarly to Figure 3, an enlarged sectional view of the tread for a pneumatic
tyre as viewed along line III-III in Figure 1, illustrating schematically a state in which the tyre is being driven on a
wet road surface.
[Figure 6] is a diagram which illustrates, similarly to Figure 3, an enlarged sectional view of the tread for a pneumatic
tyre as viewed along line III-III in Figure 1, illustrating schematically a state in which the tread portion has been worn
down by approximately 30%.

Modes of embodying the invention

[0029] A preferred mode of embodiment of the present invention will now be described with reference to the diagrams.
[0030] First, a tread for a pneumatic tyre according to a mode of embodiment of the present invention will be described
based on Figure 1 to Figure 3. Figure 1 is a diagram illustrating schematically a tread for a pneumatic tyre according to
an embodiment of the present invention, Figure 2 is an enlarged sectional view of the tread for a pneumatic tyre as
viewed along line II-II in Figure 1, and Figure 3 is an enlarged sectional view of the tread for a pneumatic tyre as viewed
along line III-III in Figure 1.
[0031] First, as shown in Figure 1, reference number 1 indicates a pneumatic tyre tread 1 according to the present
embodiment, two circumferential grooves 2 having a width W and extending in the circumferential direction of the tyre
as indicated by XX’ are formed in the tread 1, and ribs 3 demarcated by these circumferential grooves 2 are formed in
the tread 1. It should be noted that the size of the tyre in this example is 225/55R16. In the present mode of embodiment,
the width W of the circumferential grooves 2 is 14.5mm.
[0032] On the diagram are shown the tread footprint 5 and the tread footprint length L when the tyre is inflated to its
rated pressure and a rated load is applied. It should be noted that according to the ’ETRTO Standard Manual 2010’ the
applicable rim for this size is 7J, the rated pressure is 250kPa, and the rated load is 690kg, and in the present embodiment
the footprint length L is 143mm.
[0033] When the tyre is rolling, air columns are formed between the road surface and each of the circumferential
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grooves 2 which pass through the tread footprint 5, and since the resonant frequency of the circumferential grooves 2
depends on the length of the air column formed in this way, in order to vary the frequency of the air column resonance
sound the length of the air column should be varied.
[0034] As shown in Figure 1, a plurality of groove fences 4 of width l, with which the circumferential grooves 2 can be
largely blocked, are formed in each circumferential groove 2 for the purpose of varying the length of the air column. The
installation interval P between groove fences 4 formed in the same circumferential groove 2 is provided in such a way
that it is a shorter interval than the footprint length L, so that at least one groove fence is always present within the
footprint 5 in each circumferential groove 2. In the present mode of embodiment, the width 1 of the groove fences 4 is
13.5mm.
[0035] Next, as shown in Figure 2 and Figure 3, the bottom portion 41 of the groove fence 4 is connected as shown
in the diagrams to the bottom portion 21 of the circumferential groove 2, and as shown in Figure 3, the groove fence 4
is provided in such a way that it extends in the radial direction of the tyre (the direction that is perpendicular to the axis
of rotation of the tyre). Further, as shown in Figure 2, side surface portions 42 on each side of the groove fence 4 are
provided in such a way that there is a prescribed gap between the whole thereof, excluding the connecting portion (41)
described above, and opposing walls 22 of the circumferential groove 4.
[0036] As shown in Figure 1, each groove fence 4 is formed such that it extends in a direction perpendicular to the
direction in which the circumferential grooves 2 extend. Each groove fence 4 has a rectangular cross-sectional shape,
and the rectangular cross section has a width 1 as described above, and a thickness e (refer to Figure 3).
[0037] Further, as shown in Figure 2, the groove fence 4 as viewed in the longitudinal direction (front view) of the
circumferential groove 2 is formed in the shape of a rectangle, and as shown in Figure 2 and Figure 3 it has a height h
which is slightly lower than the depth D of the circumferential groove 2.
[0038] The groove fence 4 is formed such that it blocks at least 70% of the cross-sectional area of the circumferential
groove 2, and is formed such that it collapses under the water pressure of liquids such as principally water that flow
within the circumferential groove 2. In the present mode of embodiment, the depth D of the circumferential groove 2 is
8.0mm, the height h of the groove fence 4 is 7.0mm, the thickness e of the groove fence 4 is 0.6mm, and the groove
fence 4 blocks approximately 87% of the cross-sectional area of the circumferential groove 2. It should be noted that
for example in the case of the tyre in the present mode of embodiment the groove fence 4 should be of a rectangular
shape having a height h of at least approximately 5.6mm such that it blocks at least 70% of the cross-sectional area of
the circumferential groove 2. It should be noted that without limitation to the present mode of embodiment, if the width
W and the depth D of the tyre circumferential groove 2 change, the height h of the groove fence 4 should be modified
accordingly such that it blocks at least 70% of the cross-sectional area of the circumferential groove 2.
[0039] In the present mode of embodiment, the groove fences 4 consist of the same material as the ribs 3 of the tread
1 (the tread part). It should be noted that the groove fences 4 may consist of a different material to the ribs 3.
[0040] Further, in the present mode of embodiment the groove fences 4 are formed using a material which has a
modulus at 10% elongation (M10) of 5.8MPa. Thus in the present invention the bending parameter of the groove fence
4, prescribed (defined) by 

is 304Pa. The value of this bending parameter 304Pa is a value such that the groove fence 4 does not collapse when
only air is flowing through the circumferential groove 2 when being driven on a normal dry road surface, as a result of
which the air column becomes shorter and air column resonance sound is reduced. It should be noted that the same
effect is obtained if the value of the bending parameter is at least equal to 250Pa and at most equal to 350Pa.
[0041] Here, E is the modulus at 10% elongation (M10) of the material used for the groove fence 4, 1 is the width of
the groove fence 4 projected onto a surface parallel to the axis of rotation of the tyre, I is the second moment of area,
defined from the abovementioned width 1 of the groove fence 4 and thickness e of the groove fence 4, as 

and h is the height of the groove fence 4 in a direction perpendicular to the axis of rotation of the tyre.
[0042] Next, the condition when a tread for a pneumatic tyre according to a mode of embodiment of the present
invention is being driven on a wet road surface will be described with reference to Figure 4 and Figure 5.
[0043] Figure 4 is an enlarged sectional view illustrating a state in which the tread for a pneumatic tyre as viewed
along line II-II in Figure 1 is being driven on a wet road surface, and Figure 5 is an enlarged sectional view illustrating
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a state in which the tread for a pneumatic tyre as viewed along line III-III in Figure 1 is being driven on a wet road surface.
[0044] As shown in Figure 4 and Figure 5, the groove fence 4 having a bending parameter set to 304Pa as described
above collapses or bends under the water pressure generated by liquids such as principally water flowing through the
circumferential groove 2 when being driven on a wet road surface, and as a result its height is reduced to h*, the main
part of the circumferential groove is released by virtue of the fact that the height is reduced, and drainage is ensured. It
should be noted that the same effect is obtained if the value of the bending parameter is at least equal to 250Pa and at
most equal to 350Pa.
[0045] Next, the state after the tread has become worn, in a tread for a pneumatic tyre according to a mode of
embodiment of the present invention, will now be described with reference to figure 6.
[0046] Figure 6 is an enlarged sectional view of a state in which the tread for a pneumatic tyre as viewed along line
III-III in Figure 1 has been worn down by approximately 30%.
[0047] Figure 6 illustrates a state in which, after having been driven a prescribed distance, the depth D of the circum-
ferential groove 2 has been worn down to a depth D’ which is shallower than the original height h of the groove fence
4. After having been driven a prescribed distance, the groove fence 4 having a bending parameter set to 304Pa as
described above has worn down such that its distal end portion which is in contact with the road surface is oblique and
its height has been reduced from its original height h to h’ on the high side and h" on the low side, and the height h" on
the low side is approximately the same height as the depth D’ of the circumferential groove 2. It should be noted that
the same effect is obtained if the value of the bending parameter is at least equal to 250Pa and at most equal to 350Pa.
[0048] A groove fence 4 of which the bending parameter described above has been appropriately set (although it is
304Pa in the present mode of embodiment, the value of the bending parameter may be at least equal to 250Pa and at
most equal to 350Pa.) does not collapse under the pressure of air when rolling while being driven on a dry road surface,
and it also does not buckle. Further, although it falls slightly or bends due to reaction forces when it comes into contact
with the road surface, an appropriate contact pressure is generated between the distal end portion of the groove fence
4 and the road surface, and it becomes worn through the generation of slippage within the tread footprint as a result of
the rolling of the tyre. As a result, the groove fence 4 can be caused to wear to a degree equivalent to that of the tread
portion.
[0049] It should be noted that as variations of the present mode of embodiment, provided that it has the effect described
above, the shape of the groove fence 4 across the width 1 (the cross-sectional shape) may be formed with an undulating
shape such that it collapses under water pressure as described above and such that an appropriate contact pressure
is generated against the road surface; or the surface of the groove fence 4 as viewed from the longitudinal direction
(front view) of the circumferential groove 2 may for example be provided to some extent with an uneven portion which
adjusts the degree to which the groove fence 4 can bend; or it may be formed as another shape such as a rectangular
or trapezoidal shape with corners that are rounded when viewed from the front.
[0050] In such cases, if for example a wave-shaped or protruding body is provided as described above then the second
moment of area may be calculated by approximation using the defining equation described above (e3l/12), using the
average thickness e of the groove fence 4, or a suitable second moment of area defining equation appropriate to the
cross-sectional shape according to the variation may be used.
[0051] A particularly preferred mode of embodiment of the present invention has been described hereinabove, but the
present invention may be modified and implemented in the form of various embodiments without limitation to the mode
of embodiment shown in the diagrams.

Embodiment

[0052] Next, in order to clarify the advantages of the present invention, an explanation will be given of the results of
tests performed using a conventional example in which groove fences are not provided, a comparative example provided
with groove fences, and a pneumatic tyre according to embodiment 1 of the present invention.
[0053] The specimen tyres according to the conventional example, the comparative example and embodiment 1 were
in each case tyres of size 225/55R16, the wheel size was 7.0J x 16, and the pressure was set to 250kPa.

(1) Wear performance:

[0054] Unused specimen tyres were mounted, using the rims and at the pressure mentioned above, onto the four
wheels of three identical vehicles (2000cc displacement FR cars) which were driven in a three-vehicle convoy approx-
imately 7,000km on a prescribed asphalt test course with one driver in each vehicle, and the depths of the remaining
grooves and the heights of the remaining groove fences were measured.
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(2) Drainage performance:

[0055] Unused specimen tyres were mounted, using the rims and at the pressure mentioned above, onto the four
wheels of vehicles (4300cc displacement FR cars) which were driven, with one driver in each vehicle, on a straight-line
course comprising an asphalt road surface provided with a pool of water of depth approximately 10mm, and the driving
speed at which the driver in the vehicle felt that the tyres were hydroplaning is presented as an index, where 100
corresponds to the conventional example. A larger index indicates a more satisfactory performance.

(3) Noise performance:

[0056] Unused specimen tyres were caused to rotate, using the rims and at the pressure mentioned above, at a speed
of 60km/h on a rotating drum of diameter 2.7m installed in an anechoic chamber, and the noise level was measured
using a microphone installed in the vicinity of the point at which the tyre entered the tread footprint. The measured noise
is presented as the difference in sound pressure level compared with the conventional example, for the sound pressure
level of the frequency band from 0 to 2,000Hz to which an A filter has been applied. A smaller value indicates a more
satisfactory performance.

[0057] As shown in Table 1, it can be confirmed that the groove fences in the product according to the embodiment
are subjected to an equivalent degree of wear to the wear of the tread portion, while noise performance and drainage
performance are maintained.

Explanation of the reference numbers

[0058]

1 Pneumatic tyre tread
2 Circumferential groove
21 Bottom portion of circumferential groove 2
22 Opposing walls of circumferential groove 4
3 Rib
4 Groove fence
41 Bottom portion of groove fence 4 (portion connected to bottom portion 21 of circumferential groove 2)
42 Side surface portions on either side of groove fence 4
5 Tread footprint

[Table 1]

Embodiment 1 Conventional 
example

Comparative 
example

Groove fences? Yes No Yes

Groove fence thickness (mm) 0.6 - 0.6

Initial groove fence height (mm) 7.0 - 7.0

Modulus (M10) of groove fence material 
(MPa)

5.8 5.8 1.3

Groove fence bending parameter (Pa) 304 - 68

Depth of remaining circumferential groove 
(mm)

5.5 5.5 5.5

Height of remaining groove fence (high side) 
(mm)

6.0 - 7.0

Height of remaining groove fence (low side) 
(mm)

5.5 - 6.5

Drainage performance (index) 100 100 100

Noise performance (dBA) 0.0 +2.0 0.0
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Claims

1. Tread (1) for a pneumatic tyre having at least one circumferential groove (2) having a bottom portion (21) and
opposing walls (22), at least two ribs (3) adjacent to the circumferential groove (2), and a plurality of groove fences
(4) formed within the abovementioned at least one circumferential groove (2) such that the abovementioned circum-
ferential groove (2) is interrupted,each of the abovementioned groove fences (4) is formed extending from the bottom
portion (21) of the abovementioned circumferential groove (2) in a direction perpendicular to the axis of rotation of
the tyre in such a way that there are gaps to the abovementioned walls (22), and at least 70% of the cross-sectional
area of the abovementioned circumferential groove (2) in which the abovementioned groove fence (4) is formed is
blocked,
the tread being characterized in that a bending parameter of the groove fence (4) which extends from the bottom
portion (21) of the abovementioned circumferential groove (2) in a direction perpendicular to the axis of rotation of
the tyre, defined as 

where E is the modulus at 10% elongation of the material used for the abovementioned groove fence (4), I is the
second moment of area of the abovementioned groove fence (4) on a cross section extending in a circumferential
direction and a direction of the axis of rotation of the tyre, h is the height of the abovementioned groove fence (4),
and 1 is the width of the abovementioned groove fence (4) in the direction of the axis of rotation of the tyre, is at
least equal to 250 Pa and at most equal to 350 Pa.

2. Tread (1) for a pneumatic tyre according to Claim 1, wherein the modulus at 10% elongation (M10) of the material
used for the abovementioned groove fence (4) is at least equal to 2.0 MPa and at most equal to 8.0 MPa.

3. Tread (1) for a pneumatic tyre according to Claim 1 or Claim 2, wherein the thickness of the abovementioned groove
fence (4) in the circumferential direction is at least equal to 0.5 mm and at most equal to 0.7 mm.

4. Tread (1) for a pneumatic tyre according to any one of Claims 1 to 3, wherein the material used for the abovementioned
groove fence (4) is the same material as the material of a tread part including the abovementioned at least two ribs (3).

5. Tread (1) for a pneumatic tyre according to any one of Claims 1 to 3, wherein the material used for the abovementioned
groove fence (4) is a different material to the material of a tread part including the abovementioned at least two ribs (3).

6. Tread (1) for a pneumatic tyre according to any one of Claims 1 to 5, wherein the cross-sectional shape of the
abovementioned groove fence (4) on the cross section extending in the circumferential direction and the direction
of the axis of rotation of the tyre is rectangular.

Patentansprüche

1. Lauffläche (1) für einen Luftreifen, aufweisend mindestens eine Umfangsrille (2) aufweisend einen Bodenabschnitt
(21) und einander gegenüberliegende Wände (22), mindestens zwei an die Umfangsrille (2) angrenzende Rippen
(3), und mehrere Rillenzäune (4), die in der oben genannten mindestens einen Umfangsrille (2) derart ausgebildet
sind, dass die oben genannte Umfangsrille (2) unterbrochen ist, wobei jeder der oben genannten Rillenzäune (4)
so ausgebildet ist, dass er sich vom Bodenabschnitt (21) der oben genannten Umfangsrille (2) aus in einer zur
Rotationsachse des Reifens senkrechten Richtung auf solche Weise erstreckt, dass Zwischenräume zu den oben
genannten Wänden (22) vorhanden sind, und mindestens 70 % der Querschnittsfläche der oben genannten Um-
fangsrille (2), in der die oben genannten Rillenzäune (4) ausgebildet sind, blockiert sind,
wobei die Lauffläche dadurch gekennzeichnet ist, dass ein Biegeparameter des Rillenzauns (4), der sich vom
Bodenabschnitt (21) der oben genannten Umfangsrille (2) aus in einer zur Rotationsachse des Reifens senkrechten
Richtung erstreckt, definiert ist als 
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wobei E das Modul bei 10 % Dehnung des für den oben genannten Rillenzaun (4) verwendeten Materials angibt, I
das zweite Flächenmoment des oben genannten Rillenzauns (4) auf einem sich in einer Umfangsrichtung und in
einer Richtung der Rotationsachse des Reifens erstreckenden Querschnitts bezeichnet, h die Höhe des oben ge-
nannten Rillenzauns (4) angibt, und l die Breite des oben genannten Rillenzauns (4) in der Richtung der Rotations-
achse des Reifens angibt, und das Biegeparameter mindestens gleich 250 Pa und höchstens gleich 350 Pa ist.

2. Lauffläche (1) für einen Luftreifen nach Anspruch 1, wobei das Modul bei 10 % Dehnung (M10) des Materials, das
für den oben genannten Rillenzaun (4) verwendet wird, mindestens gleich 2,0 MPa und höchstens gleich 8,0 MPa ist.

3. Lauffläche (1) für einen Luftreifen nach Anspruch 1 oder 2, wobei die Dicke des oben genannten Rillenzauns (4) in
der Umfangsrichtung mindestens gleich 0,5 mm und höchstens gleich 0,7 mm ist.

4. Lauffläche (1) für einen Luftreifen nach einem der Ansprüche 1 bis 3, wobei das für den oben genannten Rillenzaun
(4) verwendete Material das gleiche Material ist wie das Material eines Laufflächenabschnitts einschließlich der
oben genannten mindestens zwei Rippen (3).

5. Lauffläche (1) für einen Luftreifen nach einem der Ansprüche 1 bis 3, wobei das für den oben genannten Rillenzaun
(4) verwendete Material ein sich von dem Material des Laufflächenabschnitts einschließlich der oben genannten
mindestens zwei Rippen (3) unterscheidendes Material ist.

6. Lauffläche (1) für einen Luftreifen nach einem der Ansprüche 1 bis 5, wobei die Querschnittsform des oben genannten
Rillenzauns (4) auf dem sich in der Umfangsrichtung und der Rotationsachse des Reifens erstreckenden Querschnitt
rechteckig ist.

Revendications

1. Bande de roulement (1) pour un pneumatique ayant au moins une rainure circonférentielle (2) ayant une partie
inférieure (21) et des parois opposées (22), au moins deux nervures (3) adjacentes à la rainure circonférentielle
(2), et une pluralité de barrières de rainure (4) formées dans la au moins une rainure circonférentielle (2) mentionnée
ci-dessus, de sorte que la rainure circonférentielle (2) mentionnée ci-dessus est interrompue, chacune des barrières
de rainure (4) mentionnées ci-dessus est formée en s’étendant à partir de la partie inférieure (21) de la rainure
circonférentielle (2) mentionnée ci-dessus dans une direction perpendiculaire à l’axe de rotation du pneu de sorte
qu’il y a des espaces par rapport aux parois (22) mentionnées ci-dessus, et au moins 70 % de la zone transversale
de la rainure circonférentielle (2) mentionnée ci-dessus dans laquelle la barrière de rainure (4) mentionnée ci-dessus
est formée est bloquée,
la bande de roulement étant caractérisée en ce qu’un paramètre de courbure de la barrière de rainure (4) qui
s’étend à partir de la partie inférieure (21) de la rainure circonférentielle (2) mentionnée ci-dessus dans une direction
perpendiculaire à l’axe de rotation du pneu, défini comme étant : 

où E est le module à 10 % d’allongement du matériau utilisé pour la barrière de rainure (4) mentionnée ci-dessus,
I est le second moment quadratique de la barrière de rainure (4) mentionnée ci-dessus sur une section transversale
s’étendant dans une direction circonférentielle et une direction de l’axe de rotation du pneu, h est la hauteur de la
barrière de rainure (4) mentionnée ci-dessus, et l est la largeur de la barrière de rainure (4) mentionnée ci-dessus
dans la direction de l’axe de rotation du pneu, est au moins égal à 250 Pa et au maximum égal à 350 Pa.

2. Bande de roulement (1) pour un pneumatique selon la revendication 1, dans lequel le module à 10 % d’allongement
(M10) du matériau utilisé pour la barrière de rainure (4) mentionnée ci-dessus est au moins égal à 2,0 MPa et au
maximum égal à 8,0 MPa.

3. Bande de roulement (1) pour un pneumatique selon la revendication 1 ou la revendication 2, dans laquelle l’épaisseur
de la barrière de rainure (4) mentionnée ci-dessus dans la direction circonférentielle est au moins égale à 0,5 mm
et au maximum égale à 0,7 mm.
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4. Bande de roulement (1) pour un pneumatique selon l’une quelconque des revendications 1 à 3, dans laquelle le
matériau utilisé pour la barrière de rainure (4) mentionnée ci-dessus est le même matériau que le matériau d’une
partie de bande de roulement comprenant les au moins deux nervures (3) mentionnées ci-dessus.

5. Bande de roulement (1) pour un pneumatique selon l’une quelconque des revendications 1 à 3, dans laquelle le
matériau utilisé pour la barrière de rainure (4) mentionnée ci-dessus est un matériau différent du matériau d’une
partie de bande de roulement comprenant les au moins deux nervures (3) mentionnées ci-dessus.

6. Bande de roulement (1) pour un pneumatique selon l’une quelconque des revendications 1 à 5, dans laquelle la
forme transversale de la barrière de rainure (4) mentionnée ci-dessus sur la section transversale s’étendant dans
la direction circonférentielle et la direction de l’axe de rotation du pneu est rectangulaire.
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