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(54) Title : TIRE TREAD HAVING IMPROVED RIGIDITY
(54) Titre : BANDE DE ROULEMENT POUR PNEU DE RIGIDITE AMELIOREE

(57) Abstract : The invention relates o a tread (10) including at least (wo wearing courses provided with at least one continuous
groove (2) including a plurality of outer cavities (21) leading onto the running surface in the new condition, and a plurality of
inner cavities (22) positioned radially and entirely inside the running surface in the new condition, each outer cavity (21) of a
continuous groove (2) being connected to at least two inner cavilies (22) ol the same groove by connecting channels (23) ensuring
the continuity hetween said inner and outer cavities, said tread further including a plurality of scorings (30) opening out onto the
rolling surface of the tread in the new condition, each of said scorings connecting two consecutive outer cavities of a single groove

and at least two connecting channels and at least one inner cavity.
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— avec rapport de recherche internationale (4rt. 21(3))

Bandc de roulement (10) comprenant au moins deux couches d'usurc pourvuc avec au moing une rainure continue (2) comprenant
une pluralité de cavités externes (21) débouchant sur la surface de roulement a 1'¢tat neuf et une pluralité de cavités internes (22)
placées radialement et en totalité a l'intérieur de I'état neut, chaque cavité externe (21) d'une rainure continue (2) étant reliée a au
moins deux cavités internes (22) de la méme rainure par des canaux de liaison (23) assurant la continuité entre lesdites cavités
internes et externes, cette bande comprenant en outre une pluralité d'incisions (30) s'ouvrant sur la surface de roulement de la
bande a I'état neuf, chacune desdites incisions reliant deux cavités externes consécutives d'une méme rainure et au moins deux
canaux de liaison et au moins une cavité interne.
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TYRE TREAD HAVING IMPROVED RIGIDITY

(0001) The invention relates to tyre treads and more
particularly to the tread block patterns of these
treads and to the tyres provided with such treads which
have a more lasting ability, over time, to clear away
surface water present on the road surface in rainy
weather, these treads not being penalized in terms of

wear rate.

(0002) As is known, the use of tyres under wet-weather
driving conditions requires the water present in the
region of contact between the tyre and the road surface
to be cleared away as quickly &as possible so as to
ensure that material of which the tread is made makes
contact with this road surface. Any water which is not
pushed in front of the tyre flows into or is partially
collected by the grooves and incisgsions formed in the

tyre tread.
(0003) Definitions:

(0004) A tread block pattern of a tread here means the
geometry of that part of the tread that is intended to
come into contact with a road surface, this tread block
pattern being formed by raised elements delimited from
one another by cuts {grooves, incisions, wells,

cavities).

(0005) A groove here means a hollow that opens onto a
tread surface that comes into contact with the road
surface, this hollow having a mean width that ig suited
to the walls of material that delimit it never coming
into contact with one another under normal conditions
of use of the tyre. The grooves may have any shape in
cross section and in terms of the line that they follow
along the tread surface and may be oriented in any
direction. What is meant by the line that a groove
follows along the tread surface here means the mean

geometric line followed by the edges formed by the said

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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groove on the said surface. A groove may have ends that
are open towards the outside of the tread or
alternatively may be circumferentially continucus.

(0006) An incision here means. a thin slit of small
mean width such that, under certain loading conditions,
the walls of material that delimit it can, at least
partially, come into contact with one another during

passage in the contact patch.

(0007) In the present description, the terms "radial"
or "radially" are used to indicate a direction which,
when considered on the tyre, is a direction
perpendicular to the axis of rotation of the tyre
whereas, when congidered on a tread alone, it
corresponds to the thickness direction of the said
tread. Moreover, the word "circumferential" is used to
indicate a direction which corresponds to a direction
tangential to a circle centred on the axis of rotation
of the tyre. Thig game direction corresponds to the
longitudinal direction of the tread, this tread being
formed in the manner of & flat strip before it is

incorporated into a tyre.

(0008) The total volume of the hollows (or cavities)
in a tread 1s equal to the sum of all the volumes of
hollows which may or may not open onto the tread
surface of the tread in the as-new condition. Some of
these hollows may open up onto the contact patch after

the tread has become partially worn.

(0009) The total volume of a tread is egual to the sum
of the total volume of material that can be worn away
during running before the tyre has to be removed
{either in order to retread it or to replace it with a
new tyre) and of the total volume cf hollows.

(0010) The total thickness E of a tread corresponds to
the thickness of material intended to be worn away

during running. By convention, this total thickness E

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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does not take into consideration any thickness that
might be provided for to allow the grooves to be
partially recut during the regrooving operation. This
total thickness E is measured on the as-new tyre
between the tread surface and the external surface of
the wear indicators. Radially Dbetween the crown
reinforcement of the tyre and this total thickness E,
there is generally an additional thickness E° of tread.

(0011) For tyres intended for the steered or Iload-
bearing axle of a heavy goods vehicle, it is
commonplace for the tread of these tyres to be provided
with circumferential (or even longitudinal) grooves of
a depth equal to the total thickens of the tread (thig
total thickness not taking into consideration any
thickness that may be provided for to allow the grooves
to be partially recut). This groove depth as a general
rule is between 13 and 18 mm on tyres intended for such
axles. For tyres intended for the driven axles, the
depth of the grooves may nonetheless be ag much as
24 mm. Thus it is possible to obtain a tread which in
terms of clearing away any water present on the road
surface always performs better than the wminimal
performance known as the safety performance, and does

s0 regardless of the level of tread wear.

{0012) For tyres of the prior art, the total volume of
hollows is, as a general rule, between 15 and 25% of
the total wvolume of the tread intended to be worn away
during running {the total volume corresponding to the
volume of material to which the said total wvolume of
hollows 1s added).

(0013) Further, it is found that these tyres have an
effective volume of hollows Ve in the contact patch
which is relatively high in the as-new condition
(effective here meaning potentially capable of being
filled with a liquid present on the road surface). This
volume of hollows opening onto the tread surface in the
contact patch is, on average, of the order of 100 cm’

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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for a tyre of 315/70 R 22.5 size. The effective volume
of hollows Ve opening onto the tread surface in the
contact patch is evaluated when the tyre is subject to
its nominal inflation and static loading conditions as
defined by the ETRTQ standard.

(0014) Wwhile grooves or, more generally, cavities are
essential to clearing away the water in the contact
patch, the resulting reduction in tread material can
have an appreciable adverse effect on the wearing
performance of this tread and therefore reduce the
service life of the tyre as a result of an increaze in
the wear rate. Other tyre performance aspects may also
be detrimentally affected, particularly the handling,
road neoise and rolling resistance performance aspects.
It is also found that these grooves that are formed so
that they have a working height equal to the height of
the tread that is to be worn away may be the cause of
endurance problems. Under certain running conditions,
foreign bodies such as stones may become lodged in
these grooves and attack the bottoms of these grooves
causing breaks to appear in the rubber.

(0015) Creating a plurality of grooves on a tread
therefore has the disadvantage of reducing the amount
of tread material for a given width of tread and
therefore of reducing the service life of the tyre as a

result of an increase in the wear rate.

(0016) Moreover, the grooves lower the compression and
shear rigidities because these grooves delimit portions
of material that are more sensitive to deformation by
comparison with the portions that are delimited by
incisions. Thig is because in the case of incisions the
walls of material that delimit these incisions are able
to come into contact with one another at least in the
contact patch, Thig reduction in rigidity, where
grooves are present, leads to an increase in
deformations and results in a reductiom in the wearing

performance of the tread: greater wear is observed for

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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a low fixed distance covered (and this corresponds to an increase
in the wear rate of the tread). Further, an increase in rolling
resistance is also observed and therefore an increase in the fuel
consumption of wvehicles fitted with such tyres as a result of an
increase 1in hysteresis losses associated with the deformation

cycles of the material that makes up the tread.

{0017] It is an object of the present invention to provide a
tread provided with grooves and with incisions that is able to
have a performance the same as or better than the minimum safety
performance for water clearance and for thig to be true
regardless of the level of tread wear while at the same time
appreciably improving the performance in terms of service life to
wear, reducing the rolling resistance and improving the ability

of the tread to withstand attack.

fooisg] In order to achieve this objective, there 1is proposed
a tyre tread of thickness E having a tread surface intended to
come into contact with a road surface, said tread including at
least twc wearing layers, within the thickness E, gaid tread
being characterized in that it is provided with at least one
continuous groove including a plurality of external cavities
opening onto the tread surface in an as-new condition and a
plurality of internal cavities placed radially and completely
inside the tread surface in the as-new condition,

a first said wearing layer extending into the thickness E of the
tread as far as the radially innermost peoints of the external
cavities,

each other said wearing layer extending into the thickness E of
the tread as far as innermost points of the internal cavities of
the wearing layer considered,

the external cavities having a mean depth Pl, a mean length L1
and a cross-sectional area S1,

the internal cavities having a mean height P2, a mean length L2

and a cross-sectional area S2,
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gaid external and internal cavities being such that: the
difference between the mean lengths of the internal cavities and
of the external cavities is at most equal to 20% of the longest
mean length (that is 0.80 = L1/L2 =< 1.20), the difference in the
mean cross-sectional areas of the internal and external cavities
iz at mest egual to 20% of the largest mean area (that is
0.80= 81/82 = 1.20},

each said external cavity of a said continuous groove being
connected to at least two said internal cavities of the same said
continuous groove by connecting channels that provide continuity
between the said internal and said external cavities,

said tread further including a plurality of incisions opening
onto the tread surface of the tread in the as-new condition, each
of said incisions connecting two consecutive said external
cavities of one and the same said continuous groove and at least
two said connecting channels and at least one said internal
cavity, and in that each said connecting channel has two ends
each having cross-sectional areas egual to the cross-sectional
areas of the internal and external cavitieg that are connected by

said connecting channel.

[0019] In this application a wearing layer means part of the
tread connected to the maximum depth of the grooves in the said
wearing layer. A wearing layer has a thickness which is less than
the total thickness of the tread and which is equal to the

maximum depth of
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the grooves or cavitles present in this wearing layer.
The treads of the invention comprise at least two
wearing layers, some of the grooves or cavities of
which are formed only in one of the said layers. It is
of course possible and even advantageous that, in this
configuration, each wearing layer becomes active before
a previous wearing layer is completely worn away; in
such a case, there is an overlap between at least two
wearing layers. A wearing layer becomes active as soon
as the cavities or grooves formed within this lavyer
open onto the tread surface of the tyre in contact with
the road surface to clear away the water present on the
said road surface in wet weather. The first wearing
layer corresponds to that part of the tread that ig
radially nearest to the outgide in the as-new

condition.

(0020) The first wearing layer extends, in the tread
surface in the as-mew condition, into the thickness of
the tread as far as the radially innermost points of
the external cavities. Radially innermost is to be
understood as meaning the points most distant from the

tread surface in the as-new condition.

(0021) After this first wearing layer there is another
wearing layer defined as being the layver extending into
the thickness of the tread as far as the radially
immermost points of the internal cavities of the other
wearing laver considered. This layer extends from the

radially outermost points of the internal cavities.

(0022) The external cavities have a mean depth Pl less
than the total thickness E of the tread, a mean length
L1 and a cross section, in a plane of section
perpendicular to the tread surface, of area 81 (these
preferred arrangements apply to all the wvariants

described in this document).

(0023) The internal cavities have a mean height P2
less than the total thickness E of the tread (this

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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height being measured between the radially outermost
points and the radially innermost points of the walls
delimiting the said cavities), a mean length L2 and a
cross-sectional area S2 (these preferred arrangements
apply to all the variants described in this document) .

(0024) ALl these cavities of one and the game
continuous groove are such that the difference between
the mean lengths of the internal cavities and of the
external cavities is at most equal to 20% of the
longest mean length (i.e. 0.8 < L1/L2 £ 1.2), and the
difference in the mean cross-sectional areas of the
internal and external cavities is at most egual to 20%
of the largest mean area (i.e. 0.8 £ 81/82 £ 1.2).

(0025) Furthermore, each extarnal cavity of a
continuous groove is connected to at least two internal
cavities of the same groove by connecting channels that
provide continuity between the said internal and gaid
external cavities. Each connecting channel has two ends
connected to an internal cavity on the cone hand and to
an external cavity on the other; each connecting
channel has creoss sections {in a plane of section
perpendicular to the mean direction of the groove) the
areas of which are respectively equal to the cross-
sectional areas of the internal and external cavities
that are connected by this connecting channel.

(0026) This tread further comprises a plurality of
incisions opening onto the tread surface of the tread
in the as-new condition, each of the said incisions
connecting two consecutive external cavities of one and
the same groove and at least two connecting channels

and at least one internal cavity.

(0027) Thanks to the presence of these connecting
cavities it is possible to ensure that water circulates
from an external cavity to an internal cavity of one

and the same groove thus better clearing away the water

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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in the contact patch while at the same time reducing
hyvdrodvnamic head losses.

{0028) Each layver has a thickness at mogt equal to 75%
of the total thickness E of the tread (each wearing
laver compriging grooves or cavities that are specific
to it and which are not to be found in their entirety
in some other laver).

(0029) Advantageously, the thickness of the tread
radially on the outside of each intermal cavity is
greater than 25% of the total thickness E of the tread.

(0030) The external cavitlies and the internal cavities
preferably have mean depths at most equal to 75% of the
total thickness E of the tread.

(0031) Thanks to this tread structure, a volume of
hollows is obtained that is suitable for satisfactorily
clearing away water while at the same time limiting the
reduction in zrigidity of the tread in the as-new
condition, this wvolume of hollows being formed by the
external cavities in a first phase of use and then by
just the internal cavitieg in another phase of use,
these internal and external cavities being connected to
one another by connecting channels. The groove
according to the invention can be likened to a
continuous groove that opens regularly and
discontinuously onto the tread surface of the tread in
the as-new condition. Thig groove may adopt a wavy
overall shape intersecting the tread surface in the as-
new condition. It is the presence of rubbery material
radially om the outside of the internal cavities and
radially om the inside of the external cavities that
increases the rigidity of the tread, particularly in

terms of compression.

(0032) By reducing the level of hollows at the surface
in the as-new condition, the tread according to the
invention also has the advantage of Dbeing less

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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sensitive to the retention of stones and therefore
offers better resistance to breakage at the bottom of
the groovegs which breakages are caused by the
penetration of stones into the rubbery material. What
is meant here by the level of hollows at the surface is
the ratio between the surface area of the external
cavities open on the tread surface and the total
surface area of the said tread. The fact that the
internal cavities of one and the same groove do not
open onto the tread surface in the as-new condition
effectively makes it possible to reduce the level of
hollows in the as-new condition, while at the same time

having effective water clearance in the groove.

(0033) Fror preference, the tread according to the
invention is such that internal cavities are arranged
within the thickness of the tread to become open to the
outgide when the tread partially worn, this partial
wear being less than the total wearing away 1in the
first wearing layver. What is meant by partial wear that
ig legg is that the reduction in thickness of the tread
as a result of wear is less than the reduction in
thickness corresponding to the wear in the first layer,
i.e. corresponding to the disappearance of the external
cavities. In this advantageous configuration it is said
that the distance of overlap between the wearing lavers

is positive.

{0034) For ©preference, this distance of overlap
between the wearing layers is less than half the depth

Pl of the first cavities.

{(0035) Thig wvariant has the advantage of ensuring a
near-congtant working wvolume of hollows for clearing
away water present in the contact patch, regardless otf

the level of tread wear.

(0036) For preference, the tread according to the
invention is such that each connecting channel

connecting an external cavity to an internal cavity of

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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one and the same groove has a length Li greater than
zero and less than the circumferential length L1 of the
external cavities. (Li measures the shortest length in
the circumferential direction between one end of the
external cavity and one end of the internal cavity).
For preference, the length L1 of each connecting
channel is greater than zero and at most equal to 50%
of L1.

(0037) Imn a wvariant of the invention, the tread is
such that the intermnal and external cavities of two
successive wearing layers of one and the same groove do
not overlap - completely or in part - 1in the directicn
of the thickness of the tread, i.e. that they are
entirely offset from one another in the mean direction
of the groocve. The mean direction o©0f a groove
corresponds to the direction in which the groove allows
the water to flow when running over a wet road surface;
this direction in general corresponds to the direction

of largest dimension of the groove,

(0038) Thig wvariant whereby the internal and external
cevities do not overlap - completely or in part -
within the thickness has the advantage of minimizing
hydrodynamic head losses in the path followed by the
water from the external cavities to the internal
cavities. In the event of an overlap or superpositicn -
completely or in part - of the external and internal
cavities that means that one end of an external cavity
is situated beyond one end of an internal cavity which
ig within the scope of the present invention but is
considered to be less favourable from a point of wview

of how the water flows through the groove.

(0039) According to one advantageous embodiment of the
invention, the total wvolume of hollows is at least
equal to 7% and at most egual to 12% of the total
volume V of the tread.

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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{0040) According to another advantageous embodiment of
the invention, the effective wvolume of hollowg Ve (in
the laden sgtate) for each wearing layer, satisfies the
following relationship:

{0041) 0.4 Se <« Ve < 0.8 8Se,

(0042) in which 0.4 and 0.8 are heights expressed in
millimetres and Se is the surface area (in mm?)
delimited by the external outline of the contact patch
of the tread measured under static conditions under
nominal load and pressure, with the tyre being fitted

to the recommended rim.

(0043) The heights of 0.4 mm and 0.8 mm correspond to
mean depths of water that may be present on a road
surface in wet weather and that has to be cleared away
in order to maintain good contact between the tread and
the road surface. These mean heights multiplied by the
surface area Se - which surface area 1is determined by
the outline of the contact patch of the tread con the
same road surface and expressed in mm® (the surface
areas corresponding to the cavities that open onto the
tread surface are taken into consideration here) - give
an indication of the effective wvolume of cavities Ve
(in the laden state). If this wvolume Ve is less than
0.4 times Se, it is not enough to obtain satisfactory
water clearance. If this volume Ve is greater than 0.8
times Se then it is deemed excessive from the

gtandpoint of obtaining suitable tread rigidity.

{0044) The effective wvolume of hollows Ve in the
contact patch plays a part in draining water away £rom
the contact patch where the tread makes contact with a

road suriace.

(0045) In order in particular to increase the level of
hollows at the sgurface of the tread in the contact
patch (the ratioc between the surface area of hollows
opening onto the tread surface of the tread in the as-

COMS ID No: ARCS-366935 Received by IP Australia: Time (H:m) 15:15 Date (Y-M-d) 2012-04-30
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new condition, and the total surface area of the
contact patch), the tread comprises at least one groove
formed of a plurality of pairs of external cavities,
each of which is extended by a connecting channel,
these connecting chennels opening into one and the same
internal cavity. The volume of thig internal cavity can
be appreciably reduced by comparison with the volume of
the external cavities or adapted by those skilled in
the art according to the desired performance and
according to the tyre concerned.

(0046) Tn another wvariant, the effective volume of
hollows Ve increases with the level of wear of the
tread, and therefore increases from one wearing layer
to the next.

(0047) In another variant, the tread according to the
invention comprises at least one groove, the external
cavities of which are each extended at both ends by two
connecting channels, these connecting channels each
opening into separate internal cavities. Further, each
internal cavity, as well as the connecting channels
that comnect this internal cavity to two external
cavities, are extended radially towards the tread
surface of the tread in the as-new condition by an
incision to allow the tread according to the invention
to be moulded and demoulded.

(0048) That which has been described for a tread
comprising two wearing layers can easily be applied to
a number of wearing layers greater than two and notably
to three wearing layers. In such a variant, the tread
according to the invention comprises additional
cavities situated in a third wearing layer which
extends the second wearing laver radially on the
ingide. These additional cavities are connected to the
internal cavities of the second wearing layer by
additional connecting channels. These additional
cavities determine a third level of wear and open onto

the tread surface after tread wear has practically worn
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away the second cavities. One application of this
variant 1s particularly advantageous for tyres that
have very thick treads.

{(0048) The continucus grooves formed of a succession
of external and internal cavities connected by
connecting channels, that form the subject of the
invention, can be oriented in any direction along the
tread or along the tyre (i.e. longitudinally or
transversely or obliguely in relation to one or other
of these directions).

(0050} Advantageously, grooves according to the
invention are directed essentially in a direction
corresponding to the largest dimension of the tread:
whether that is the longitudinal direction of the tread
or the circumferential direction when this tread is
fitted to a tvre.

(0051) In one particularly advantageous variant, a
tread according to the invention comprises a first
plurality of continuous grooves according to the
invention in a first direction and a second plurality
of continuous grooves according to the invention in a
second directilon that intersects the first direction to
form a network of criss-cross grooves. Advantageously,
these first and second pluralities of grooves according
to the invention are arranged in such a way that the
internal cavities of these first and second pluralities
of grooveg are interconnected in order to enhance the
criss-cross grid effect. What ig meant by
interconnected is that it is possible for £fluid to
clrculate between the various internal cavities of the

two pluralities of grooves.

(0052) In an advantageous variliant, a tread according
to the invention comprises a first plurality of grooves
according to the invention in a first direction and a
second plurality of grooves according to the invention

in a sgecond direction that intersects the Ffirst
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direction to form a network of continuous c¢riss-cross
grooves. These first and second pluralities of grooves
according to the invention can be arranged in such a
way that the internal cavities of these first and
second pluralities of grooves are located at different
depths sc as, 1in this case, to obtain a level of
hollows that remain substantially constant irrespective
of the level of tread wear. What is meant by level of
hollows is the ratio between the surface area of
hollows on the tread surface considered and the total
surface area of the tread at the wear level congidered.
The internal cavities, even though they are connected
to external cavities, are not considered to contribute
to a tread surface level of hollows until they appear

on a new tread surface once the tread has become worn.

(0053) In another wvariant, it is possible to plan for
the presence of at least one channel directed in a
direction parallel to the mean direction of a
continuous groove formed of a succession of internal
and external cavities, this channel being situated at a
depth corresponding to that of the intermal cavities of
the said groove and this channel being extended by an
incision either towards the tread surface of the tread
or towards the internal surface of the said tread. What
is meant by the intermal surface of a tread is the
surface via which the tread 1s in contact with the tyre
to which it is fitted. These incisions and channels may
easily be produced when the tread is being moulded. The
cross section of this channel is determined so that
when the channel opens onto the tread surface following
tread wear, a new groove is formed of a cross section
suited to correct flow of the water present on the road
in wet weather. This channel is designed to form a new
groove by opening onto the tread surface after partizl
wear that is at most egual to the thickness of the
first wearing layer.
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(0054) In this wvariant, the tread may further comprise
means for placing at least one channel in communication
with a plurality of internal cavities of a continuous
groove. Thus the ability to clear away water when
driving on a wet road surface is improved, at least
after a part-wear condition that sees the channel open

onto the tread surface, and form a new groove.

(0055) In order to maintain a satisfactory level of
rigidity of the tread according to the invention it is
advantageous for the incisions that extend the intermal
and external cavities to be provided with means of
mechanically blocking relative movement of the opposing
walls that delimit the said incisions. Such means may
adopt the form of a waviness of the opposing walls or
alternatively of reliefs moulded onto the said walls
and suitable for engaging with one another.

(0056) The invention also relates to a tyre provided
with a tread defined according to the invention, this
tread radially on the outside surmounting a tyre cover
consisting of a carxcass reinforcement and of a crown
reinforcement. The tread of this tyre is produced as in
one of the preceding wvariants, certain dimensions of
the grooves being connected with the mean length of the
contact patch of the tread under nominal conditions of
use of the tyre, these nominal conditions of use being
defined in the ETRTO or JATMA standards.

(0057) It is advantageous that, for each
circumferentially oriented groove formed of cavities
opening onto the tread surface and of cavities under
the tread surface, there be at least one external
cavity always in the contact patch in order to allow
water clearance. If the mean length of the contact
patch under nominal conditions of use of the tyre
provided with a tread according to the invention is
denoted T (this mean length being obtained by dividing
the total surface area delimited by the extermal
outline of this contact patch by the width W of the
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sald surface area}, it is more preferable still for the
mean Jlength of these external cavities of the
circumferential grooves to be between 25% and 75% of
the mean length T of the contact patch.

(0058) In & wvariant that has not been depicted, the
tread comprises a plurality of grooves which are formed
of a plurality of external cavities and of internal
cavities connected by connecting channels orlented in
the longitudinal direction of the tread, these grooves
being arranged in such a way that the external cavities
that open onto the tread surface in the as-new
condition are arranged offset from one ancther and so
that the internal cavities are also arranged so as to
all be offset from one another. The advantage of such
an arrangement is that it limits the reduction in shear
rigidity of the tread notably under transverse loading
(for example when cornering).

(0059) Other features and advantages of the invention
will become apparent from the description given
hereinafter with reference to the attached drawings
which, by way of nonlimiting examples, show some
embodiments of the subject matter of the inventicm.

Description of the figures

(0060) Figure 1 is a partial view of the tread surface
of a tread comprising a continuocus groove according to

the invention;

(0061) Figure 2 is a view in sgection on II-II taken

acroge the tread of Figure 1;

(0062) Figure 3 is a wiew in section on III-III taken

across the tread of Figure 1;

(0063) Figure 4 is a view in section on IV-IV taken

across the tread of Figure 1;
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(0064) Figure 5 is a cross section of an embodiment
variant whereby a continuous channel gituated entirely
under the tread surface is provided;

(0065) Figure 6 is a partial view of a tread according
to the invention in the as-new condition;

(0066) Figure 7 is a plan view of the tread surface of
the tread of Figure 6;

(0067) Figure 8 is a plan view of the tread surface of
the tread of Figure 7 following tread wear down to the
second wearing laver;

(0068) Figure S 1is a partial view of a wvariant of a
continuous groove having a pair of external cavities
connected to one ianternal cavity;

(0069) Figure 10 is a partial view of a variant of a
continuous groove having one external cavity connected

to two internal cavities;

(0070) TFigure 11 ig a partial wview of a variant
whereby a tread is provided with grooves according to
the invention oriented in two intersecting directions,

these grooves being interconnected:

(0071) Figure 12 shows a variant of the invention
whereby the incisions that connect the internal
cavities and the connecting channels to the tread
surface are provided with wells that opean onto the
tread surface;

{(0072) Figure 13 is a cross section through a variant
of tread according to the invention in which the
inclinationg of the connecting channels at the ends of
an internal cavity are different;

(0073) Figure 14 shows a variant whereby the grooves
and incisions follow wavy paths;
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(0074) Figures 15a and 15b show a variant whereby the
external cavities of one and the same continuous groove
are extended towards the inside of the tread by an

incision provided with blocking means;

(0075) Figure 16 shows a variant of tread comprising
three wearing layers;

(0076) TFigure 17 chows another variant of tread

comprising three wearing layers; and

(0077) Figure 18 shows & variant of a tread
comprising, in addition to the continuocus grooves
formed of a succession of external and internal
cavities, transverse channels opening onto the outside
of the tread and connected to internal cavities of the

continuous grooves.

(0078) To make the figures easier to study, the same
reference symbols are used to describe variants of the
invention when these reference symbols refer to
elements of a similar nature, whether this be a

structural or even a functional one.

(0079) Figure 1 shows part of a tread 10 in the as-nhew
condition, this tread having a thickness E, a tread
surface 11 intended to come intc contact with the road
surface during running and a surface 12 defining the
thickness of the tread and situated on the opposite
side to the tread surface 11. This part of the tread
comprises a cortinuous groove 2 according to the
invention. The groove 2 is formed of a succession of a
plurality of external cavities 21 of elongate shape of
length L1 opening onto the tread surface 11 in the as-
new condition, and of a plurality of internal cavities
22 of length L2 situated completely within the tread in
the as-new condition. Connecting channels 23 are formed
to connect the internal cavities 22 and the external
cavities 21 and thus ensure the continuity of the

groove 2 in the main directionr of the groove. These
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connecting channels 23 have a length Li measured in the
main direction of the groove. In order to ensure that
liguid flows correctly between the internal and
external cavities, the connecting channels have one end
connected to an external cavity, this end having a
cross section egual to the c¢ross section of the gaid
external cavity. These same connecting channels have
another end connected to an internal cavity, this other
end having a cross section egual to the cross section
of the sald internal cavity. In this particular
instance, the c¢ross sectiong of the external and
internal cavities are substantially the same and each
connecting channel maintains substantially the same
cross section from one of its ends to the other. Of
course, this cross section could be modified and wvaried
between the two ends.

{0080) WwWith a groove 2 according to the inverntion
everything is as if there were a tread with two wearing
layers I and IT taking over from one ancother during use
of the tread, each wearing layver having different
cavities on the tread surface. A first layer I sees the
appearance o©f the external cavities 21 on the tread
surface and a second layer II sees the appearance of
the intermal cavities 23 in turn on a new tread
surface. Before the internal c¢avities appear, the
connecting channels continue to play their part and in
particular to ensure the continuity of the groove.

(0081l) TFigure 2 is a cross section through Figure 1 on
a plane of section referenced ITI-TI in Figure 1.

(0082) This Figure 2 shows the cross section of an
external cavity 21 of an area Sl and extending into the
tread over a depth Pl equal to around 74.5% of the
total thickness E of the tread (this thickness
corresponding to the thickness that can be worn away

during running)} .
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(0083) This external cavity 21 is extended on each
side by connecting channels 23 connecting it to
internal cavities 22 wvisible in crogs section in Figure
3.

(0084) Figure 3 is a cross section of Figure 1 on a
plane of section referenced III-IIT in Figure 1.

(0085) This figure 3 shows the cross section of an
internal cavity 21 of an area 82 substantially equal to
the area 81 of the external cavities 21 and extending

towards the tread surface by an incision.

{(0086) 'This internal cavity 22 hag dimensions
comparable with those of the external cavities 21; the
respective lengths L1 and 5.2 (see Figure 4) of the
external and internal cavities are substantially equal
here. In order for the tread always to have grooved
elements on its tread surface regardless of the degree
of tread wear it is advantageous, as is the case here,
for the intermal cavities 22 of one and the same groove
2 to appear before the external cavities 21 have
completely disappeared. This then forms a first wearing
layer I extending between the tread surface of the
tread in the as-new condition and the innermost points
of the external cavities 21; a second laver extends as
far as the points of the internal cavities 22 that are
nearest to the inside of the tread. Of course, it is
possible to plan for the second cavities to appear only
after the first ones have been completely worn away.

(0087) Figure 4 is & cross section through Figure 1 on

a plane of section referenced IV-IV in Figure 1.

(0088) Thig Figure 4 identifies the guccession of
external cavities 21 and of internal cavities 22 which
are joined together by connecting channels 23 of length
Li. Moreover, an incision 30 that in the as-new
condition opens onto the tread surface 11 connects one
internal cavity 22, two connecting channels 23 and two
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external cavities 21. This incision 30 is positioned in
the tread so that it opens onto the tread surface 11 in
the as-new condition to make the groove according to
the invention easier to mould and demould. Of course,
provision could be made for this incision to open onto
the face 12 of the tread which is the opposite face to
this tread surface 1l: in this case, the tread with its
grooves and incigions would need to be moulded before
it was combined with a casing to form a tyre.

(0088) wWhen the first wearing layer T ig completely
worn away, the inmitially internal cavities 22 open onto
the new tread surface and, given the remaining height
of tread that can be worn away may sometimes be enough
Lo act as a reservoir for any water present on the road

surface.

(0090) Everything is as 1f the groove 2 followed a
wavy line in the radial direction (i.e. in the
thickness of the tread), this groove comprising a
succession of parts (external cavities) that open onto
the tread surface in the as-new condition alternating
with the parts (internal cavities) that are entirely
within the tread in the as-new condition, the
connecting cavities providing continuity between the
volumes of the said internal and external cavities
{i.e. allowing fluid to flow from the ocutside inwards
and wvice versa). Thus, as the contact patch makes
contact with the road surface, water present on this
road surface can be cleared away by the external
cavities towards the internal cavities. Tt is of course
necessary that there will always be at least one
external cavity completely or partially open in the
contact patch. The dimensions of the external cavities
and those of the internal cavities are determined so as
to meet this condition for a given length of contact

patch,

(0091) This same Figure 1 shows the presence of a wear
indicator TWI which fixes the total thickness of tread
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that can be worn away during running. This tyre wear
indicator is moulded into the bottom of an internal
cavity 22 and has a height egual in this instance to
1.6 mm in order to comply with the legal reguirements.

(0092) By virtue of these arrangements, it is possible
in the as-new condition to have an overall rigidity
that 1is higher than can be achieved with the usual
grooves each of which would have a total depth egual to
the distance from the innermost points of the internal
cavities to the tread surface in the ags-new condition.
At least during the initial part of tread wear (i.e.
until 75% of the depth of the external cavities has
been worn away), the function of c¢learing away and
collecting water ig performed by this groove because
the water collected in the external cavities can run
into the connecting channels and the internal cavities.
The water thus cleared away can then re-emerge via
ancther external cavity. Advantageously, the
connectiong between the wvarious cavities are sultable
to not detract from the flow of fluid within the

groove.

(0083) When the firgst wearing layer I has been
completely worn away, the internal cavities 22 open
over their entire length onto the tread surface and can
then act as reservoirs to hold some of the water

bresent on the road surface.

(0094) However, it is then advantageous, as Figure 5
shows, to combine with this groove the presence of a
continucous channel 40 with an overall orientation the
gsame as or substantially the same as that of the groove
2 and the function of which is to form a new continuous
groove which appears and opens onto the tread surface
following partial wear such that the internal cavities
22 of the second wearing layer ITI have also appeared on
the said new tread surface. The function allowing the
water to flow is then preserved because the channel 40

has become a continuocus groove capable of clearing away
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the water and allowing it to flow out, the internal
cavities 22 of the groove 2 according to the invention
forming water holding reservoirs which in this wvariant

are discontinuous from one another.

(0095) This Figure 5 which is a crogs section through
a portion of a tread according to the invention, shows
the presence of a groove 2 comprising a plurality of
external cavities 21 and of internal cavities 22 which
are connected by connecting channels 23, and that of a
channel 40, the cross sectional area of which is guited
to allowing water to flow as soon as a new groove ig
formed following partial wear of the tread
corresponding to the depth at which the channel 40
begins to appear on the new tread surface.

(0096} For preference, the channels formed within the
tread are sized to offer a suitable water clearing
volume and, 1in particular, these channels may have
heights substantially equal to the height of the
internal cavities. In this wvariant, it is possible to
keep the working wvolume of hollows for clearing water
away Ifrom the road surface near-constant or even
constant and to do go throughout the service life of
the tyre provided with a tread as described.

(0097) Continuous grooves formed of a plurality of
internal cavities and of extermal cavities according to
the invention may be oriented in any direction in a

tyre tread.

(0098} Grooves that are continuous and wavy in the
thickness according to the invention may be formed in a
tread such that they do not open onto the tread surface
in the as-new condition but only after the tread has
become partially worn. Of course, it ig sensible to

combine these with:
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(0099) - either shallow grcoves, which progregsively
become replaced with the grooves according to the
invention

{00100) - or grooves according to the invention which
in the as-new condition of the tread open onto the
tread surface.

(00101) A degree of overlap a between the external and
internal cavities is provided so that after partial
tread wear, the internal cavities open onto the tread
surface before the external cavities completely

digappear.

(00102) Another embodiment of a tyre of 315/70 R 22.5
size comprising a tread according to the invention is

now given.

(00103) Figure 6 depicts just part of this tread, the
longitudinal direction of which is indicated by the
direction of the axis XX' in this figure. This tread is
of width W equal to 258 mm and has a total thickness E
equal to 9.4 mm measured as being the distance
separating the tread surface of the tyre in the as-new
condition from the wear indicators (these tyre wear
indicators are positioned in such a way as to indicate
a groove height of 1.6 mm). Moreover, an additional
thickness E* (here equal to 6.6 mm) is provided between
the tread and the tyre crown reinforcement. This tread
is provided with three continuous grooves 2 of
longitudinal orientation (1.e. oriented
circumferentially once this tread has been incorporated
into a tyre), each of these grooves being formed of a
succession of external 21 and intermnal 22 cavities, the
external cavities 21 opening onto the tread surface 11
of the tread in the as-new condition and the internal
cavities 22 being formed completely under the tread

surface in the as-new condition.
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(00104) Connecting channels 23 connect the external
cavities to the internal cavities. Fach connecting
channel has an end of an area equal to the cross-
sectional area of the external cavity to which it is
connected and at its other end of an area equal to the
cross-sectional area of the internal cavity to which it
is likewise connected. All these continuous grooves 2
have their main direction substantially oriented in the
longitudinal direction of the tread. Alternatively,
connecting channels of crogs-sectional area smaller
than the cross-sectional areas of the internal or

external cavities may likewise be used.

(00105) In this particular instance, the length L1 of
each external cavity is equal to 150 mm and the length
L2 of each internal cavity is egual to 110 mm; the
tength Li of the connecting channels is equal to 15 mm.

(00106) Each external cavity 21 has a mean width equal
to 12 mm and a depth of 7 mm (i.e. 74.5% of the total
thickness E). The walls delimiting an external cavity
may be a mean angle of 15 degrees with a perpendicular
to the tread surface and tend to converge towards one
another in the direction towards the bottom of the gaid

cavity.

(00107) Each intermnal cavity has a mean width equal to
9 mm and a depth of 7 mm {(i.e. 74.5% of the total
thickness E). The walls delimiting an internal cavity
may be a mean angle of 15 degrees with a perpendicular
to the tread surface and tend to converge towards one
another in the direction towards the bottom of the said

cavity.

(00108) Moreover, the internal cavities 22 and the
connecting channels 23 are extended towards the tread
surface by incisicns 30 of which the delimiting walls
are provided with recessed and raised patterns that
engage with one another to limit as far as possible any
relative movement between the said walls and thus
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maintain greater rigidity. In this particular instance,
the mean distance separating the opposing walls of one
and the same incision is equal to 0.4 mm. It is noted
that the external cavities 21 have substantially the
same dimensions and that they are arranged so as to be
offset from one another in the longitudinal direction
so as to reduce the impact that they have on road noise
and increase the efficiency with which they pick up
water when driving over wet ground.

(00108} An overlap equal to 3 mm ig provided between
the external cavitieg and internal cavities so that
following partial tread wear, the internal cavities
open onto the <tread surface before the external

cavities completely disappear.

(00110) Figure 7 1s a plan view of the tread surface of
the tread of Figure 6 when the first wearing layer in
contact with the road surface is present. It may be
seen that the tread surface comprises three continuous
grooves oriented circumferentially and intercalated
axially between them two incisions extended radially

inwards by a circumferentially continuous channel 40.

{00111) This tread has a total wvolume of hollows Vo
equal to 9% of a volume egqual to the sum of the total
volume V of material of the tread and of the total

volume of hollows.

{00112) Each wearing layer of this tread has an
effective total wvolume of hollows Ve in the contact
patch which is equal to 40 cm®. This effective wvolume
Ve, expressed in mm’, satisfies the relationship 0.4 St
< Ve < 0.8 5t (we have 24120 < 40000 < 48240), the
surface area St being expressed in mm?. In this
instance, the surface area St is equal to 60300 mm?,
this surface area being delimited by the external
outline of the contact patch of the tread measured

under static conditions under nominal load and
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pressure, with the tyre being fitted on the recommended

rim.

(00113) Figure 8 is a plan view of the tread surface of
the tread of Figure 6 when the tread has worn down to
the second wearing layer. It shows the internal
cavities which have opened onto the tread surface and
are digcontinuous from one another and new
circumferential grooves formed by the appearance of the

channels on the tread surface.

{00114) In another advantageous variant of the
invention, at least one groove is as partially shown in
Figure 9, i.e. at least one continuous groove 2 is
formed of a plurality of external cavities 211, 212
opening onto the tread surface 11 in the as-new
condition, these external cavities 211, 212 being
formed in pairs, each pair of first cavities being
extended by connecting channels 231, 232 respectively,
the latter connecting channels meeting to open into one
and the same first end of an internal cavity 22 formed
within the tread. This internal cavity is extended at
its second end by two connecting channels connected to
a further pair of first cavities opening onto the tread
surface in the as-new condition of the tread. Just like
in the variant discussed in relation to Figure 1, the
comnmecting channels and the intermal cavities are
extended towards the tread surface by an incision, the
ends of which locally on the tread surface form a Y-

shaped line.

(00115) This wvariant gives a better distribution of the
external cavities that open onto the tread surface of

the tread in the as-new condition.

{(00116) In another advantageous varliant of the
invention, at least cne groove 2 is as partially shown
in Pigure 10. In this variant, a groove 2 is formed of
a plurality of extermal cavities 21 that open onto the
tread surface 11, each external cavity being extended
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by two connecting channels 231, 232, each comnnecting
channel opening at one end into an internal cavity 221,
222. In this variant, the number of internal cavities
is therefore twice the number of external cavities.
This wariant, for a water clearance wvolume chosen
according to the desired result that a tyre is to
achieve, makes it possible to obtain a more even
distribution of the internal hollows within the tread
and therefore less of an impact on the rigidity of the
tread. Incisions 301, 301, extend the internal and
commecting cavities towards the tread surface 11, Fach
cavity of the pair of internal cavities may be situated
at one and the same depth with respect to the tread
surface 11 or may be situated at different depths.

{(00117) In another advantageous variant of the
invention which is shown with the support of Figure 11,
a tread is provided with a first plurality of
longitudinally directed grooves 2' (i.e. grooves that
run circumferentially on the tyre provided with this
tread) and with a second plurality of grcoves 2''
oriented to intersect the first plurality of grooves
2'. In this particular instance, the angle formed by
these pluralities of grooves is egual to 202, but it is
gquite clearly possible to use any other value.

{00118) Each groove 2' of the first plurality of
grooves ig formed of a plurality of internal cavities
22" and of external cavities 21' which are connected by
connecting channels 23' defining a first wearing layer

and a second wearing laver of the tread.

(00119) Each groove 2'' of the second plurality of
grooves ig formed of a plurality of internal cavities
22'' and of external cavities 21'' which are connected
by connecting channels 23''. The arrangement in the
variant shown is such that the position within the
thickness of the tread is substantially identical for
the internal cavities of the first and second grooves
2" and 2'',
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(00120) Further, the first and second grooves 2', 2'!
interconnect at their internal cavities 22' and 22''.
The internal cavities intexsect one another to form a
network of cavities both on and beneath the tread
surface, said network greatly favouring the clearance

of water.

{00121) Moreover, the intermnal cavities and the
connecting channels are extended towards the tread
surface by incisions 30' and 30'' which intersect and
which at their intersections have a kind of well of
circular section 50. These wells 50 have the advantage
of increasing the amount of water that the tread can

clear away when running over wet ground.

(00122) In & variant that has not been depicted, the
first and second pluralities of grooves 27, 2'' are not
necessarily directed so that they are perpendicular to
one another. Thus there may be a first plurality of
grooves oriented in the circumferential direction and a
second plurality of grooves oriented in a direction
that makes an angle other than 90¢ to the first
plurality of grooves. It is alsc possible to conceive
of a wvariant that further comprises a third plurality
of grooves oriented notably, although not necessarily,
symmetrically in relation to the second plurality of
grooves 2'' about the first plurality of grooves 27.

{00123) In another wvariant that has been depicted in
Figure 12, there 1is a groove 2 according to the
invention that appears on the tread surface after the
tread has been partially worn, 1i.e. the external
cavities 21 do not open onto the tread surface in the
as-new condition. Moreover, the external cavities 21,
the connecting channelg 23 and the internal cavities 22
are extended towards the tread surface by an incision
30 which 1s itself provided with a plurality of
widenings 61 and 62. Widenings 61 are formed towards
the outside of the external cavities 21 and widenings
62 are formed towards the outside of the internal
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cavities 22 so as to supplement and increase the water
clearing effect of the groove 2. These widenings are,
in this instance, oriented substantially perpendicular
to the tread surface; they could be inclined by an
angle other than 902 to this surface as need be. These
widenings here have the form of cylindrical wells.

(00124) Figure 13 ghows another wvariant which is
beneficial for creating a directional effect in the
flow of water running along inside the groove during
the running of a tyre provided with a tread itself
provided with at least one continuous groove formed of
a plurality of external cavities 21 and internal
cavities 22 connected by connecting channels 231, 232.

(00125) In this wvariant, the connecting channels 233,
234 situated ome each side of an internal cavity 22
have different resgpective lengths Li, Lj and therefore
have mean inclinations A1 and A2 which are different
(these angles Al and A2 are measured with respect to a
direction perpendicular te the tread surface). In the
preferred wvariant, the connecting channel that is most
steeply inclined with respect to a perpendicular to the
tread surface (i.e. the longest channel) is situated on
the side that is first to come into contact with the
road surface {(the arrow R indicates the direction of
rotation). Through this contrivance a tread Dblock
pattern 1s created that has a preferred direction of
running {(a visible means may be affixed to the tread or

to the tyre to indicate this preferred direction).

(00126) In the wvariant deplcted in Figure 14, which is
fairly similar to the wvariant depicted in Figures 6, 7
and 8, a tread comprises, in the as-new condition, a
plurality of continuous grooves of longitudinal
orientation, these grooves 2 heing formed of a
succession of internal cavities 22 and of external
cavities 21 connected by connecting channels 23. To
improve the longitudinal grip, these grooves 2, on the
tread surface 11, follow a pattern of wavy overall
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shape. There may also be seen, in the variant depicted,
the presence of holes formed on each incision sgituated
between two successive external cavities; these holes
extend from the tread surface to the internal cavities
22. Further, the tread comprises a longitudinal
incision 40 which likewise has a wavy overall shape
substantially parallel to the shape of the grooves 2;
this incision 40 is extended into the thickness of the
tread by a channel as described earlier and intended to
appear on the tread surface to form a new groove once
the tread has been partially worn.

(00127) ITn the wvariant depicted with this Figure 14,
each (first or second) cavity has a curved shape, but
the person skilled in the art would be able to choose
any other geometric shape, notably a straight or =zig-
zag shape.

(00128) Figures 15a and 15b partially show a tread
characterized in that each external cavity 21 opening
onto the tread in the as-new condition is extended
radially inwards by an incigion 80 as far as the bottom
of the wearing part of the tread. Figure 15 shows a
three-dimensional and perspective view of part of the
tread according to the invention and comprising a
groove 2 that is continuous and passes from the tread
surface 11 in the as-new condition to a wearing laver
situated on the ingside of the tread. This groove
comprises external cavities 21 connected by channels 23
to internal cavities 22. In this wvariant, the external
cavities 21 are extended towards the inside of the
tread by an dincision 80, the walls of which are
provided with means 82 that allow relative movement of
the said walls with respect to one another to be
blocked., Furthermore, it is locally provided with a
widening 81 that combines with the incision 80. The
provisions here are the same as those made with the
incision 80 situated under the external cavity;

blocking means 32 are provided on the incision 30
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opening onto the tread surface, this incision
connecting together two external cavities 21 and two
connecting channels 23. Figure 15b shows that same part
of the tread in plan view, the surface of the drawing
corresponding to the tread surface. This incision 30
that opens onto the tread surface further comprises a
widening 31 at its middle.

(00125) The benefit of this variant is that it improves
the flattening-out of the tread in the contact patch,
thereby reducing resultant stress levels.

(00130) All the variants described hitherto show treads
comprising two wearing layers through which the grooves
according to the invention pass.

(00131) In the wvariants that follow, grooves according
to the invention are depicted that delimit in fact
three wearing layers within the thickness of the tread
{this number of three is not in any way a limit but
simply an additiomal numerical example to supplement
the description of the invention).

(00132) Im a first of these wvarilants (Figure 16), the
internal and extermal cavities of the wvarious levels
are not superposed in the thickness of the tread: they
are therefore offset from one another in the
circumferential direction. In the second of these
variantg (Figure 17), the internal cavities of the
third wearing layer are superposed in the thickness
with the external cavities, i.e. their position is more
or less obtained by a translational movement of the
external cavities through the thickness.

(00133) Figure 16 ghows a continuous groove according
to the invention defining three successive wearing
lavers in the thickness of the tread. In this wvariant,
the continuous groove 2 comprises external cavities 21
that are open in the initial condition onto the tread
surface 11 and which are extended by connecting
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channels 23 to first intermal cavities 22 situated in a
second wearing layer. These first internal cavities 22
being themselves extended by commnecting channels 25 to
second internal cavities 24 situated in a third wearing
layer IIT. In this wvariant shown in Figure 16, radizally
underneath each external or internal cavity, there is
no other internal cavity. Finally, this groove is
extended radially towards the tread surface in the as-
new condition by an incision 30 that makes such a

groove easier to mould and to demould.

(00134) In another variant shown in Figure 17, the
tread comprises three wearing layers I, II, III and the
groove depicted comprises internal cavities 24 of the
third wearing layer III which in the thickness
direction overlap with the external cavities 21 of the
wearing layer I. In the variants shown in Figures 16
and 17, the various cavities are depicted as having
substantially identical dimensions; it would of course
be within the competence of the person skilled in the
art to adapt the lengths of the wvarious cavities
according to their position or alternatively to adapt
the respective volumes of these cavities without
departing from the scope of the present invention. In
this variant shown in Figure 17, the internal cavities
22 of the seccond wearing layer IT are connected to the
third internal cavities 24 by connecting channels 25.
Ta allow for moulding and demoulding, in addition to an
incision 30 that opens onto the tread surface 11, there
is provided an incision 35 connecting an external
cavity 21 and the internal cavity 24 radially inside
it, this incision 35 also connecting the connecting
channels 23 and 25. Advantageously, these incisions 30
and 35 are provided with blocking means on the walls
that delimit them.

(00135) In the wvariant shown in Figure 18, a tread
according to the invention is further provided with

transverse channels 70 formed under the tread surface
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11 of the tread in the as-new condition, these
Lransverse channels being in appropriate number and
opening onto longitudinal grooves 2 (i.e. grooveg that
are circumferential once the tread has been
incorporated into a tyre) and notably onto internal
cavities 22 of the said grooveg. These same transverse
channels 70 are designed to open onto the external
lateral walls 13 of the tread and thus further improve
the water clearing capacity of the grooves 2 whatever
the state of tread wear. Thus, once the externzl
cavities 21 have completely disappeared through the
wearing away of the first wearing layer of the tread,
these transverse channels 70 form new transverse
grooves and ensure the continuity of flow of water from
the internal cavities 22 to the outside of the tread.

(00136) Of course, these transverse channels 70 may be
comnected to several internal cavities 22 of several
grooves 2 in order to improve the flow of water from
all the grooves thus connected following partial wear
of the tread by thus creating a kind of network of
greater or lesser complexity. It is also possible to
connect these transverse channels 70 to continuous
channels oriented circumferentially and formed entirely
under the tread surface in the as-new condition (like

those shown in Figures 6 to 8).

(00137) Moreover, these channels 70, by appearing on
the tread surface after partial wear, increase the
level of hollows at the surface and form further
transverse edges that are of benefit in cutting into
the laver of water present on the road surface in wet

weather.

(00138) The invention is not restricted to the examples
described and depicted and various meodifications or
additions can be made thereto without departing from

the scope thereof.
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(00139) In particular, the tread according to the
invention may comprise a combination of at least one
groove formed of a succession of external and internal
cavities, these opening onto the tread surface only
once said tread has been partially worn, and at least
one additiomal groove that opens onto the tread surface
in the as-new condition, this additional groove having
a depth at least equal to that of those points of the
grooves according to the invention that are nearest to
the inside of the tread.

(00140) The internal cavities of wvarious grooves
according to the invention may be positioned at
different levels within the thickness of a tread.

(00141) Further, while the present description has been
entirely devoted to describing application to a tyre
intended to be fitted to a heavy goods vehicle, it
should be understood that a tread comprising a tread
pattern also forms part of the invention because such a
tread 1is intended to be incorporated into a tyre
{either at the time of manufacture or when retreading
the said tvre).

(00142) In contrast with the invention, the cavities
moulded using the moulding element described in the
application (WO 02/38399), although they do indeed
define different wearing layers, they do not exhibit
any true continuity between the external cavities and
the internmal cavities because there is no connecting
channel between them allowing water to flow when
running on a wet rcad surface.

{(00143) These tread patterns according Lo the
invention, while offering satisfactory water clearance
in the contact patch throughout the service life, allow
a high overall rigidity to be maintalined as compared
with conventional tread patterns and thus make it
pogsible to reduce the thickness of the tread for the
same overall performance, and this is, of course,
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favourable in terms of energy consumption. That also
allows the use of suitable rubber compounds.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A tyre tread of thickness E having a tread surface intended
to come into contact with a road surface, said tread including at
least two wearing layers, within the thickness E, said tread
being characterized in that it is provided with at least one
continuous greoove including a plurality of external cavities
opening onto the tread surface in an as-new condition and a
plurality of internal cavities placed radially and completely
inside the tread surface in the as-new condition,

a first said wearing layer extending into the thickness E of the
tread as far as the radially innermost points of the external
cavities,

each other said wearing layer extending into the thickness E of
the tread as far az innermost points of the internal cavities of
the wearing layer considered,

the external cavities having a mean depth Pl, a mean length L1
and a cross-sectional area 51,

the internal cavitieg having a wmean height P2, a mean length L2
and a cross-sectional area $2,

salid external and internal cavities Dbeing such that: the
difference between the mean lengths of the internal cavities and
of the external cavities ig at most equal to 20% of the longest
mean length (that is 0.80 s L1/L2 =< 1.20), the difference in the
mean cross-sectional areas of the internal and external cavities
is at most egual to 20% of the largest mean area (that is 0.80 =
S1/582 = 1.20),

each saild external cavity of a said continuous groove being
connected to at least two said intermnal cavities of the same said
continuous groove by connecting channels that provide continuity
between the said intermal and said external cavities,

gaid tread further including a plurality of incisions opening
onto the tread surface of the tread in the as-new condition, each
of s=aid incisions connecting two consecutive sald external
cavities of one and the same said continuous groove and at least

two said connecting channels and at least one said internal
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cavity, and in that each said connecting channel has two ends
each having cross-sectional areas equal to the cross-sectional
areas of the internal and external cavities that are connected by

said connecting channel.

2. A tread according to Claim 1, characterized in that the
depths of each said intermnal or said external cavity is less than

the total said thickness E of the tread.

3. A tread according to Claim 1 or Claim 2, characterized in
that the distance a between each said internal cavity and the
tread surface of the tread in the as-new condition is greater

than 25% of the total thickness E of the tread.

4. A tread according to any one of Claims 1 to 3, characterized
in that each said wearing layer has a thickness at most equal to

75% of the total thickness E of the tread.

5. A tread according to any one of Claims 1 to 4, characterized
in that the internal cavities are arranged within the thickness E
of the tread to become cpen when the tread is partially worn by

less than a total wearing away of the first wearing layer.

6. A tread according to any one of Claims 1 to 5, characterized
in that each sald connecting channel connecting a said external
cavity to a said internal cavity of one and the same said
continuous groove has a length Li of greater than zero and less

than half the length L1l of the external cavities.

7. A tread according to any one of Claims 1 to 6, characterized
in that the internal and external cavities of one and the same
said continuous groove do not overlap in the direction of the

thickness E of the tread.

8. A tread according to any one cof Claims 1 to 7, characterized

in that at least two said external cavities are each extended by
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a sald connecting channel, said connecting channels cpening onto

one and the same said internal cavity.

9. A tread according to any one of Claims 1 to 8, characterized
in that each said external cavity of at least one said continuous
groove 1s extended at each of its ends by two said connecting
channels, said connecting, said channels each opening into a

separate said intermnal cavity.

10. A tread according to any one of Claims 1 to 9, characterized
in that the tread includes additional c¢avities situated 1in a
third said wearing layer which extends the second wearing layer
radially on the inside, said additional cavities being connected
to the internal cavities of the second wearing layer by

additicnal said connecting channels.

11. A tread according to Claim 1, characterized in that the tread
includes a first plurality of continuous grooves which are formed
of a plurality of said external and internal cavities connected
by said connecting channels, said continuous grooves being
oriented in a first direction, and in that the tread includes a
second plurality of continucus grooves which are formed of a
plurality of sald external and internal cavities connected by
said connecting channels, the grooves of the second plurality of
continuous grooves being oriented in a second direction that
intersects the first direction to form a network of criss-cross
grooves, the internal cavities of the second plurality of
continuous grooves being connected to the internal cavities of

the first plurality of continucus grooves.

12. A tread according to Claim 11, characterized in that depths
of each said internal or external cavity is less than the total

thickness E of the tread.

13. A tread according te Claim 11 or Claim 12, characterized in

that a distance a between each sald internal cavity and the tread
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surface of the tread in the as-new condition is greater than 25%

of the total thickness E of the tread.

l4. A tread according to Claim 1, characterized in that it
includes a plurality of grooves which are formed of a plurality
of said external and internal cavities connected by connecting
channels, said grooves being oriented in the longitudinal
direction of the tread and being arranged in such a way that the
first cavities that open onto the tread surface in the as-new
condition are arranged offset from one another in the
longitudinal direction, and in that the second cavities are also

arranged offset f£rom one another in the longitudinal direction.

15. A tread according to Claim 14, characterized in that depths
of each said internal or external cavity is less than the total

thickness E of the tread.

16. A tread according to Claim 14 or Claim 15, characterized in
that a distance a between each said internal cavity and the tread
surface of the tread in the as-new condition is greater than 25%

of the total thickness E of the tread.

17. A tread according to any one of Claims 1 to 16, characterized
in that the continuous grooves formed of at least external
cavities and internal cavities connected by connecting channels

have a wavy overall shape.

18. A tread according to any one of Claims 1 to 17, characterized
in that each said external cavity that opens onto the tread in
the as-new condition 1s extended radially towards the inside by
an incision as far as the bottom of the tread, said incision also
being connected to two connecting channels and to two internal

cavities.

19. A tread according to any one of Claims 1 to 18, characterized
in that the tread further includes at least one channel that is

entirely situated within the tread and designed to form a new
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groove by opening onto the tread surface after partial wear that

is at most equal to the thickness of the first wearing layer.

20. A tread according to <Claim 19, characterized in that the
tread further incliudes means for placing at least one said
channel in communication with a plurality of said internal

cavities of a said continuoug groove.

21. A tread according to any one of Claims 1 to 20, characterized
in that the tread includes a plurality of channels opening onto
edges of the tread, said channels opening into at least one said

internal cavity of a said continuous groove.

22. A tyre provided with a tread according to any one of Claims 1
to 21, said tyre being characterized in that the mean length of
the external cavities of the circumferential continuous grooves
is between 25% and 75% of the mean length T of the contact patch
of the tyre measured under nominal conditions of use of said

tyre.
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