wo 2011/012605 A1 I 10KV 00 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN VAN U 00 A0 A OO 1
International Bureau S,/ )
2UMPL Y 10) International Publicati
(43) International Publication Date \'{:/_?___/ (10) International Publication Number
3 February 2011 (03.02.2011) PCT WO 2011/012605 Al
(51) International Patent Classification: (74) Agent: RANDL, Oliver; Manufacture Frangaise des
B60C 15/00 (2006.01) B60C 15/06 (2006.01) Pneumatiques Michelin, 23, place des Carmes-Déchaux,
Q1) International Application Number: SGD/LG/PI - F35 - Ladoux, F-63040 CLERMONT-FER-
PCT/EP2010/060860 RAND Cedex 9 (FR).

. e ) (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: 27 July 2010 (27.07.2010 kind of national protection available): AE, AG, AL, AM,
uy (27.07.2010) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(25) Filing Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
L . DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(30) Priority Data: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
0955330 30 July 2009 (30.07.2009) FR ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/255410 27 October 2009 (27.10.2009) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU;, SC, SD,
SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicants (for all designated States except US): SOCI- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

ETE DE TECHNOLOGIE MICHELIN [FR/FR]; 23, . o
rue Breschet, F-63000 Clermont-Ferrand (FR). Michelin (84) Designated States (unless otherwise indicated, for every

Recherche et Technique S.A. [CH/CH]; Route Louis kind of regional protection available): ARIPO (BW, GH,
Braille 10, CH-1763 Granges-Paccot (CH). GM, KE, LR, LS, MW, MZ, NA, 8D, SL, 82, 12, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(75) Inventors/Applicants (for US only): JOHNSON, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

Philippe [FR/FR]; 8, impasse de la Charreyre, F-63800 LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

Perignat Sur Allier (FR). GRISIN, Bopha [FR/FR]; 4 rue SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

du Pailleret, F-63200 Mozac (FR). LENEPVEU, Olivier GW, ML, MR, NE, SN, TD, TG).

[FR/FR]; 108 rue de la Foi, F-63100 Clermont-Ferrand

(FR).

[Continued on next page]

(54) Title: TYRE FOR HEAVY GOODS VEHICLE HAVING A REINFORCED BEAD

(57) Abstract: Tyre (10) for a heavy goods vehicle comprising a radial
carcass reinforcement (60) anchored in each of the beads (50) to an an-
choring structure (700), comprising a circumferential reinforcement (70),
the carcass reinforcement (60) being partially wrapped around the anchor-
ing structure (700), the tyre (10) also comprising a coupling reinforcement
| (150) comprising a first part (151) in contact with the carcass reinforce-
ment (60) and being extended by a second part (152) in contact with the
anchoring structure (700) as far as a point (157) radially on the outside of
the anchoring structure (700), located axially between the axially inner-
most point (702) and the axially outermost point (704) of the anchoring
structure (700), the tyre (10) also comprising a stiffening reinforcement
(160) surrounding the coupling reinforcement (150) and running radially
on the inside of the anchoring structure (700) and of the coupling rein-
- forcement (150), in which the axially outside end point (166) of said stiff-
ening reinforcement (160) is located at a radial distance DR from the radi-
ally innermost point (73) of the circumferential reinforcement (70), the ra-
dial distance DR being greater than or equal to 0.8 times the radial dis-
tance DS between the radially innermost and radially outermost points
(71, 73) of the circumferential reinforcement (70) and less than or equal to
1.2 times the radial distance DS.
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TYRE FOR HEAVY GOODS VEHICLE HAVING A REINFORCED BEAD

FIELD OF THE INVENTION

[0001] The present invention relates to tyres having a radial carcass reinforcement and
designed to be fitted to heavy goods vehicles. It relates even more particularly to the
bead structure of these tyres.

BACKGROUND

[0002] A heavy goods vehicle tyre comprises a crown portion that is extended on each
side by sidewalls ending in beads. Such a tyre comprises a plurality of reinforcements
including, in particular, a carcass reinforcement the role of which is to withstand the
forces created by the internal inflation pressure of the tyre. This carcass reinforcement
is situated in the crown and sidewalls of the tyre and is anchored at its ends to suitable
anchoring structures located in the beads. The carcass reinforcement is generally
composed of a plurality of reinforcing elements arranged parallel to one another and
making an angle of close or equal to 90 degrees with the circumferential direction (in
this case, the carcass reinforcement is said to be “radial”). The carcass reinforcement is
usually anchored by being turned up around an anchoring structure having a suitable
circumferential stiffness, in order to form axially on the outside a turn-up portion the
length of which, measured for example with respect to the radially innermost point of the
anchoring structure, is chosen to provide satisfactory endurance to the tyre during use.
Axially between the turn-up portion and the main portion of the carcass reinforcement
there are one or more elastomer-based materials which provide mechanical coupling

between the two portions of the carcass reinforcement.

[0003] In use, such a tyre is mounted on a mounting rim comprising rim seats designed
to be in contact with the radially innermost parts of the beads and, axially on the outside
of each seat, a rim flange for fixing the axial position of said bead when the tyre is
mounted and inflated to its nominal pressure.

[0004] In order to make the tyre withstand the mechanical stresses of rolling, it is
known practice to provide additional bead reinforcements in particular in the form of
plies arranged against at least part of the turn-up portion of the carcass reinforcement.
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[0005] During rolling, the tyre beads are subjected to a large number of bending cycles,
as they wind around the rim flanges (i.e. they partly adopt the geometry of said flanges).
This bending results in larger or smaller variations in curvature combined with variations
in tension in the bead reinforcements and in particular in the turn-up portion of the
carcass reinforcement. These same cycles induce compressive and extensile forces in
the materials constituting the beads. During rolling, a cyclical circumferential
displacement of the reinforcing elements of the reinforcement of the carcass
reinforcement can also be seen in the sidewalls and the beads of the tyre. A cyclical
circumferential displacement is understood here to mean that displacement occurs in
one direction and in the opposite direction with respect to a mean position of equilibrium
each time the wheel rotates.

[0006] Rolling generates stresses and/or deformations in the materials constituting the
bead, in particular the elastomers and more particularly those which are located in the
immediate vicinity of the ends of the reinforcements (the end of the turn-up portion of
the carcass reinforcement or the ends of the additional reinforcements). These stresses
and/or deformations may lead to a more or less substantial reduction in the service life
of the tyre.

[0007] This is because these stresses and/or deformations may cause detachment and
cracks near the ends of said reinforcements. Owing to the radial orientation of the
reinforcing elements and to the nature of said reinforcing elements (in general, these
are metal cables) of which it is made, the end of the turn-up portion of the carcass

reinforcement is particularly sensitive to this phenomenon.

[0008] The document published under the reference WO 2006/013201-A1 describes a
tyre bead structure in which the carcass reinforcement is no longer turned up by being
partially wrapped around a bead wire but is wound at least one complete revolution
around an anchoring structure in each of the beads. In this manner, the end of the
carcass reinforcement is located in an area of the bead which is not subjected to strong
cyclical stresses; it is thus possible to increase the endurance of the beads.

[0009] However, while such a tyre bead structure is effective from a mechanical point of
view, it is nonetheless still expensive and difficult to implement using conventional

industrial manufacturing means.
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[0010] In a different approach, a means has been sought to prevent the risks of bead
deterioration by proposing a bead structure having sufficient stiffness to withstand the
bending forces and the circumferential movements of the reinforcements during rolling
which is also easy to implement and economically attractive to produce on an industrial
scale.

[0011] The document published under the reference WO 2008/107234-A1 describes
such a bead structure. The document discloses a heavy goods vehicle tyre comprising
a tread extended transversely on each side by sidewalls ending in beads designed to
engage with a mounting rim. In addition, this tyre comprises a radial carcass
reinforcement formed from a plurality of reinforcing elements directed in a direction that
makes an angle of at least 80 degrees with the circumferential direction.

[0012] This carcass reinforcement is anchored in each of the beads to an anchoring
structure comprising a circumferential reinforcement around which a coating profiled
element is formed of which the perimeter of the radial section comprises a part radially
on the inside and a part radially on the outside, these two parts meeting at the two
axially furthest apart points of the perimeter of said coating profiled element.

[0013] Moreover, this carcass reinforcement is partially wrapped around the coating
profiled element of the anchoring structure, proceeding from the inside of the tyre to the
outside, the end of this carcass reinforcement being located on or near the perimeter of
the coating profiled element.

[0014] This tyre also comprises a first connecting reinforcement formed from a plurality
of reinforcing elements directed in a direction that makes an angle of greater than or
equal to 70 degrees with the circumferential direction. This first connecting
reinforcement comprises a first part in contact with the carcass reinforcement between
(i) a point radially on the outside with respect to the perimeter of the coating profiled
element of the radially outermost anchoring structure and (ii) the end point of the
carcass reinforcement, this first connecting reinforcement being extended beyond the
end of the carcass reinforcement by a second part in contact with the coating profiled
element as far as a point located on the part radially on the outside of the perimeter of
the coating profiled element.

[0015] This tyre furthermore comprises a second connecting reinforcement surrounding
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the first connecting reinforcement and running radially under the coating profiled
element radially on the inside of said first connecting reinforcement in order to form an
internal portion and an external portion, the internal portion being located axially on the
inside with respect to the carcass reinforcement and the external portion being located
axially on the outside of said carcass reinforcement; the internal portion is in contact
over a non-zero length with the carcass reinforcement between a first end point of the
first portion and the end point of the first connecting reinforcement, the external portion
being in contact with the carcass reinforcement from one point to an end point of the
external portion over a non-zero length, these points being located radially outside the
end points of the first connecting reinforcement.

[0016] This second connecting reinforcement is formed from a plurality of reinforcing
elements directed in a mean direction that makes an angle of at most 50 degrees with

the circumferential direction.

[0017] What distinguishes the architecture of this tyre is, inter alia, the fact that the
second connecting reinforcement is anchored around the bead anchoring structure
while at the same time being coupled to the carcass reinforcement axially on each side
of this reinforcement, in combination with the end of the carcass reinforcement being
positioned in the vicinity of the anchoring structure. In such a structure, the end of the
carcass reinforcement is kept in an area subjected to fairly low amounts of stress and
deformation under running conditions and this end is moreover covered by at least the

second reinforcement.

[0018] While such an architecture allows bead deterioration to be significantly reduced,
there is still an area subject to a high concentration of crack-initiating stresses radially
on the inside of the anchoring structure.

SUMMARY OF THE INVENTION

[0019] One object of the present invention is to further reduce the risks of bead
deterioration.

[0020] This object is achieved by a bead structure the carcass reinforcement of which
has no free end and which nevertheless has sufficient stiffness to withstand bending
and deradialisation forces, this stiffness being brought about by additional reinforcing
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elements the ends of which, on the axially outer side of the tyre, are located in areas of
low deformation so as to reduce the concentrations of crack-initiating stresses.

[0021] More specifically, this object is achieved in accordance with one aspect of the
present invention directed to a tyre for a heavy goods vehicle, designed to be mounted
on a rim, and comprising: a crown comprising a crown reinforcement surmounted by a
tread; two sidewalls extending the crown radially inwards; two beads radially inside the
sidewalls and designed to engage with the rim, each bead comprising an anchoring
structure, the anchoring structure comprising a circumferential reinforcement, the
anchoring structure having in any radial section a radially outermost point, an axially
innermost point and an axially outermost point; and a radial carcass reinforcement
comprising a plurality of reinforcing elements directed in a direction that makes an angle
of at least 80 degrees with the circumferential direction, the carcass reinforcement
being anchored in each of the beads to the anchoring structure, the carcass
reinforcement being partially wrapped around the anchoring structure, passing axially
from the inside to the outside of the tyre, the end point of this carcass reinforcement
being located on or near the anchoring structure and axially between the axially
innermost point and the axially outermost point of the anchoring structure.

[0022] The tyre also comprises a coupling reinforcement formed from a plurality of
reinforcing elements directed in a direction that makes an angle of greater than or equal
to 70 degrees with the circumferential direction, comprising a first part in contact with
the carcass reinforcement between an end point which is radially on the outside with
respect to the radially outermost point of the anchoring structure and the end point of
the carcass reinforcement, the coupling reinforcement being extended beyond the end
point of the carcass reinforcement by a second part in contact with the anchoring
structure and as far as an end point radially on the outside of the anchoring structure,
the end point of the coupling reinforcement being located axially between the axially
innermost point and the axially outermost point of the anchoring structure.

[0023] The tyre also comprises a stiffening reinforcement surrounding the coupling
reinforcement and running radially on the inside of the anchoring structure and of the
coupling reinforcement so as to form an axially internal portion and an axially external
portion, the axially internal portion being axially on the inside with respect to the carcass
reinforcement and the axially external portion being axially on the outside of said
carcass reinforcement, the axially internal portion being in contact over a length LC with
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the carcass reinforcement between the end point of said axially internal portion and the
end point of the coupling reinforcement, the end point being located radially on the
outside of the end point of the coupling reinforcement, this stiffening reinforcement
being formed from a plurality of reinforcing elements directed in a mean direction that
makes an angle of less than or equal to 50 degrees with the circumferential direction.

[0024] The axially outside end point of said stiffening reinforcement is located at a
radial distance DR from the radially innermost point of the circumferential reinforcement
of the anchoring structure, the radial distance DR being greater than or equal to 0.8
times the radial distance DS between the radially innermost and radially outermost
points of the circumferential reinforcement of the anchoring structure and less than or
equal to 1.2 times the radial distance DS between the radially innermost and radially
outermost points of the circumferential reinforcement of the anchoring structure.

[0025] By virtue of this location of the end of the stiffening reinforcement, the stresses
to which the end of the stiffening reinforcement is subjected are limited and the
formation of cracks is very significantly slowed down.

[0026] Excellent results have in particular been obtained with a stiffening reinforcement
formed from a plurality of reinforcing elements directed in a mean direction that makes
an angle of greater than or equal to 15 degrees and less than or equal to 30 degrees

with the circumferential direction.

[0027] According to an advantageous embodiment, the anchoring structure comprises
a coating profiled element surrounding the circumferential reinforcement and the
perimeter of the radial section of the coating profiled element comprises a part radially
on the inside and a part radially on the outside, said parts meeting at the axially
innermost and axially outermost points of the anchoring structure. The end point of the
carcass reinforcement is located on or near the perimeter of the coating profiled
element. The existence of such a coating profiled element enhances the adhesion
between the anchoring structure and the carcass reinforcement, on the one hand, and
the coupling reinforcement, on the other.

[0028] According to an advantageous embodiment, the contact length LC of the axially
internal portion of the stiffening reinforcement is at least 20 per cent of the distance DY
between the radially outermost end point of the axially internal portion of the stiffening
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reinforcement and the radially innermost point of the circumferential reinforcement of
the anchoring structure. The contact length LC is thus sufficient for the stiffening
reinforcement to effectively oppose deradialisation movements of the carcass
reinforcement during rolling movements which can generate bead wear of the tyre on

the wheel.

[0029] Preferably, the distance DY between the radially outermost end point of the
axially internal portion of the stiffening reinforcement and the radially innermost point of
the circumferential reinforcement of the anchoring structure is greater than or equal
to 15 per cent and less than or equal to 40 per cent of the radial distance DC between
the radially outermost point of the carcass reinforcement and the radially innermost
point of the same carcass reinforcement. The radially outermost end point of the axially
internal portion of the stiffening reinforcement is thus sufficiently far from the areas of
the bead and the sidewall which are subject to substantial bending during rolling, and
as a result the formation of cracks is prevented.

[0030] According to an advantageous embodiment, the reinforcing elements of the
coupling reinforcement are chosen from reinforcing elements of a textile nature, which

greatly facilitates its wrapping around the anchoring structure.

[0031] It is advantageous to locally separate the axially internal portion of the stiffening
reinforcement from the carcass reinforcement so as to reduce the shear stresses near
the end point of said axially internal point, an elastomer being interposed between said

reinforcements.

[0032] Advantageously, the stiffening reinforcement is formed from two discontinuous
parts each constituting one of the portions, these discontinuous parts overlapping in a
superposition area.

[0033] When the stiffening reinforcement is formed from two discontinuous parts each
constituting one of the portions, and these discontinuous parts overlap in a
superposition area, it is advantageous to ensure that the superposition area is located
in the vicinity of the coating profiled element of the anchoring structure and that the
length LK of the superposition area is at least half the axial distance DA between the
axially furthest apart points of the anchoring structure.
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[0034] According to a particular embodiment, the coupling reinforcement is interposed
between the coating profiled element of the bead anchoring structure and the carcass

reinforcement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Figures 1 and 2 show diagrammatically a tyre according to the prior art.

[0036] Figure 3 shows diagrammatically and in radial section part of a tyre according to

an embodiment of the invention.

[0037] Figure 4 shows a detail of Figure 3.

[0038] Figures 5, 6 and 8 show diagrammatically and in radial section various tyre
beads according to an embodiment of the invention.

[0039] Figure 7 shows a detail of Figure 6.

DETAILED DESCRIPTION OF THE DRAWINGS

[0040] It is important to distinguish between several different uses of the term “radial”
by persons skilled in the art. Firstly, the expression refers to a radius of the tyre. It is
within this meaning that a point P1 is referred to as being “radially inside” a point P2 (or
‘radially on the inside of” the point P2) if it is nearer to the axis of rotation of the tyre
than the point P2. Conversely, a point P3 is referred to as being “radially outside” a
point P4 (or “radially on the outside of’ the point P4) if it is further from the axis of
rotation of the tyre than the point P4. Progress in the direction of smaller (or larger) radii
is referred to as progress “radially inwards (or outwards)”. This meaning of the term also
applies to radial distances.

[0041] By contrast, a thread or a reinforcement is said to be “radial” when the thread or
the reinforcing elements of the reinforcement make an angle of greater than or equal
to 80° and less than or equal to 90° with the circumferential direction. It should be
specified that in the present document the term “thread” should be understood very
broadly and includes threads in the form of monofilaments, multifilaments, a cable or
cord, a folded yarn or an equivalent assembly, no matter what material the thread is
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made of or the surface treatment performed to promote its adhesion to the rubber.

[0042] Finally, the expression “radial section” is understood here to be a section on a
plane which includes the axis of rotation of the tyre.

[0043] An “axial” direction is a direction parallel to the axis of rotation of the tyre.
A point P5 is referred to as “axially inside” a point P6 (or “axially on the inside of’ the
point P6) if it is nearer the mid-plane of the tyre than the point P6. Conversely,
a point P7 is referred to as being “axially outside” a point P8 (or “axially on the outside
of” the point P8) if it is further from the mid-plane of the tyre than the point P8. The “mid-
plane” of the tyre is the plane perpendicular to the axis of rotation of the tyre and
located equidistant from the circumferential reinforcements of each bead.

[0044] A “circumferential” direction is a direction perpendicular both to a radius of the
tyre and to the axial direction. A “circumferential section” is a section on a plane
perpendicular to the axis of rotation of the tyre.

[0045] “Rolling surface” is understood here to mean all the points of the tread of a tyre
that are likely to come into contact with the ground when the tyre is rolling.

[0046] The expression “rubber mix” denotes a rubber composition comprising at least

an elastomer and a filler.

[0047] In order to facilitate reading of the description of the embodiments shown in the
figures, the same references are used to denote elements having identical structures.

[0048] Figure 1 shows diagrammatically a tyre 10 according to the prior art. The tyre 10
comprises a crown comprising a crown reinforcement (not visible in Figure 1)
surmounted by a tread 30, two sidewalls 40 extending the crown radially inwards, and
two beads 50 radially inside the sidewalls 40.

[0049] Figure 2 shows diagrammatically a partial perspective view of another tyre 10
according to the prior art and illustrates the various components of the tyre. The tyre 10
comprises a carcass reinforcement 60 consisting of threads 61 coated with a rubber
mix, and two beads 50 each comprising circumferential reinforcements 70 (in this case
bead wires) which keep the tyre 10 on the rim (not shown). The carcass
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reinforcement 60 is anchored in each of the beads 50. The tyre 10 also comprises a
crown reinforcement comprising two plies 80 and 90. Each of the plies 80 and 90 is
reinforced by filamentary reinforcing elements 81 and 91 which are parallel in each
layer and crossed from one layer to the next, making angles of between 10° and 70°
with the circumferential direction. The tyre also comprises a hooping reinforcement 100
arranged radially on the outside of the crown reinforcement, this hooping reinforcement
being formed from reinforcing elements 101 directed circumferentially and wound in a
spiral. A tread 30 is placed on the hooping reinforcement; it is by means of this tread 30
that the tyre 10 makes contact with the road. The tyre 10 shown is a “tubeless” tyre: it
comprises an “inner liner’ 110 made of a rubber composition impermeable to the

inflation gas and covering the inner surface of the tyre.

[0050] Figure 3 shows diagrammatically and in radial section part of a tyre 10 according
to an embodiment of the invention, of size 295/60R22.5. It is a heavy goods vehicle tyre
designed to be mounted on a rim (not shown). The tyre 10 comprises a crown
comprising a crown reinforcement, formed by plies 80 and 90, sandwiched between
reinforcing plies 120 and 130. The reinforcing ply 120 protects the carcass
reinforcement 60 from compression and the reinforcing ply 130 protects the crown
reinforcement from punctures and impacts. The latter ply is surmounted by a tread 30.
The tyre 10 also comprises two sidewalls 40 extending the crown radially inwards and
two beads 50 radially inside the sidewalls and designed to engage with the rim. Each
bead comprises an anchoring structure 700, the anchoring structure comprising a
circumferential reinforcement 70. In the present case, the reinforcement 70 is a bead
wire composed of a plurality of circumferentially wound metallic wires. As shown in
Figure 4, the anchoring structure 700 has in any radial section a radially outermost
point 701, an axially innermost point 702 and an axially outermost point 704. The
radially innermost point 73 and the radially outermost point 71 of the circumferential
reinforcement 70 are also indicated. If the geometry of the anchoring structure 700 is
such that a plurality of points qualify as axially/radially innermost/outermost, any one of
these points can be selected. The anchoring structure also comprises a coating profiled
element 75, in this case a nylon 140/2 fabric. The nylon cords of the coating profiled
element 75 are coated with rubber mix having a modulus of elasticity at 10 per cent
elongation (at 20°C) of greater than 5 MPa. The cords are spaced 1 mm apart and
directed in a direction that makes an angle of greater than or equal to 50 degrees with

the circumferential direction.
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[0051] The tyre 10 also comprises a radial carcass reinforcement 60 comprising a
plurality of metal cables formed from a number of elemental threads
measuring 18/100 mm. These cables are embedded in a rubber mix and directed in a
direction that makes an angle of greater than or equal to 80 degrees with the
circumferential direction. The carcass reinforcement 60 is anchored in each of the
beads to the anchoring structure 700: specifically, the carcass reinforcement 60 is
partially wrapped around the anchoring structure 700, passing axially from the inside to
the outside of the tyre. The carcass reinforcement 60 thus follows the profile of part of
the perimeter of the coating profiled element 75 and is mechanically coupled to this
coating profiled element by adhesion of the material of which the coating profiled
element is composed and the material coating the reinforcing elements of the carcass
reinforcement 60. The end point 65 of this carcass reinforcement 60 is located on or
near the anchoring structure 700 and axially between the axially innermost point 702
and the axially outermost point 704 of the anchoring structure. When the end point 65 of
the carcass reinforcement is said to be located “near” the anchoring structure 700, this
should be understood as meaning that the minimum distance between the end point 65
and the anchoring structure 700 is less than or equal to 4 mm.

[0052] Moreover, an apex 140 made of rubber mix is provided in the bead. The material
of this profiled element is preferably chosen such that it has a modulus of elasticity at 10
per cent elongation (at 20°C) of between 2 and 5 MPa (in this case 4 MPa).

[0053] The tyre 10 also comprises a coupling reinforcement 150 formed from a plurality
of cords made of aramid 160x3 directed in a direction that makes an angle of greater
than or equal to 70 degrees with the circumferential direction. The aramid cords of the
coupling reinforcement 150 are coated in rubber mix having a modulus of elasticity
at10 per cent elongation (at 20°C) of greater than 5 MPa. The cords are
spaced 1.25 mm apart. This coupling reinforcement 150 comprises a first part 151 and
a second part 152. The first part 151 consists of the part of the coupling
reinforcement 150 in contact with the carcass reinforcement. This first part 151 extends
between an end point 155 radially on the outside with respect to the radially outermost
point 701 of the anchoring structure 700 (see Figure 4) and the end point 65 of the
carcass reinforcement 60. The coupling reinforcement 150 is extended beyond the end
point 65 of the carcass reinforcement 60 by a second part 152 which is in contact with
the anchoring structure 700 as far as an end point 157 radially on the outside of the
anchoring structure 700. The end point 157 of the coupling reinforcement 150 is located
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axially between the axially innermost point 702 and the axially outermost point 704 of
the anchoring structure 700. The boundary between the first part 151 and the second
part 152 of the coupling reinforcement is considered to be located at the axial position
of the end point 65 of the carcass reinforcement 60.

[0054] Finally, the tyre 10 comprises a stiffening reinforcement 160 surrounding the
coupling reinforcement 150 and running radially on the inside of the anchoring
structure 700 and of the coupling reinforcement 150 so as to form an axially internal
portion 161 and an axially external portion 162. The axially internal portion 161 is the
portion of the stiffening reinforcement 160 axially on the inside with the respect to the
carcass reinforcement 60, and the axially external portion 162 is the portion of the
stiffening reinforcement 160 axially on the outside of the carcass reinforcement 60. The
boundary between the axially internal portion 161 and the axially external portion 162 is
considered to be located at the axial position of the radially innermost point 63 of the
carcass reinforcement 60. When the carcass reinforcement 60 comprises a number of
radially innermost points, any one of these points can be selected. The axially internal
portion 161 is in contact over a length LC with the carcass reinforcement 60, between
the end point 165 of said axially internal portion 161 and the end point 155 of the
coupling reinforcement 150, the end point 165 being located radially on the outside of
the end point 155 of the coupling reinforcement 150. It should be noted, moreover, that
near the end point 165 of the axially internal portion 161, the latter is locally separated
from the carcass reinforcement so as to reduce the shear stresses in this area, some of
the rubber mix being interposed between the reinforcements.

[0055] The stiffening reinforcement 160 is in this case formed from a plurality of 6x35
steel cables, spaced 2.5 mm apart. The minimum spacing for 6x35 cables is 2 mm, but
if 19x18 steel cables were used, the minimum spacing would be 1.4 mm. The cables
are directed in a mean direction that makes an angle of less than or equal to 50
degrees, and preferably an angle of greater than or equal to 15 degrees and less than
or equal to 30 degrees, with the circumferential direction. The choice of angles has in
particular the effect of facilitating the manufacture and turning up of the reinforcement
around the reinforcement 70. It also has the effect of significantly reducing the
deradialisation of the carcass reinforcement.

[0056] As shown in Figure 4, the axially outside end point 166 of the stiffening
reinforcement 160 is located at a radial distance DR from the radially innermost point 73
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of the circumferential reinforcement 70 of the anchoring structure 700. In a tyre
according to an embodiment of the invention, the radial distance DR is greater than or
equal to 0.8 times the radial distance DS between the radially innermost point 73 and
the radially outermost point 71 of the circumferential reinforcement 70 of the anchoring
structure 700 and less than or equal to 1.2 times the radial distance DS between the
radially innermost point 73 and the radially outermost point 71 of the circumferential
reinforcement 70 of the anchoring structure 700. In this case,
DR =11 mm, DS = 10.5 mm and DR/DS = 1.05.

[0057] The contact length LC (in this case 28 mm) of the axially internal portion 161 of
the stiffening reinforcement 160 is in this case equal to 50 per cent of the distance DY
(in this case 55 mm) between the radially outermost end point 165 of the axially internal
portion of the stiffening reinforcement 160 and the radially innermost point 73 of the
circumferential reinforcement 70 of the anchoring structure 700.

[0058] The distance DY is furthermore equal to 39 per cent of the radial distance DC
between the radially outermost point 62 of the carcass reinforcement 60 and the radially
innermost point 63 of the same carcass reinforcement (in this case DC = 140 mm).

[0059] In Figure 3, the end of the stiffening reinforcement 160 is covered with a “rubber
edging” 166. This rubber edging 166 protects the rubber mixes surrounding the end of
the stiffening reinforcement 160 from being damaged by indentation of the cables of this
stiffening reinforcement 160 during rolling, this damage being associated with the
movements of the ends of the cables. The rubber edging 166 is composed of a rubber
mix resistant to cutting; its modulus of elasticity at 10 per cent elongation (at 20°C) is
preferably greater than 5 MPa.

[0060] Figure 5 shows diagrammatically and in radial section a variant of a tyre bead
according to an embodiment of the invention. In contrast to the bead of the tyre 10 in
Figure 3, the coating profiled element 75 comprises both a retention reinforcement 751
and a rubber padding 752 made of rubber mix and surrounding the circumferential
reinforcement 70. The retention reinforcement 751 may be produced from a stiff rubber
mix (having a modulus of elasticity at 10 per cent and 20°C of greater than 10 MPa) or
of a composite, comprising aramid or nylon textile reinforcing elements and rubber mix,
e.g. rubber mix of the same type as the rubber mix embedding the reinforcing elements
of the coupling reinforcement. In each radial section, the perimeter of the coating
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profiled element 75 comprises a part radially on the inside and a part radially on the
outside, said parts meeting at the axially innermost and axially outermost points 702,
704 of the anchoring structure. Again, the end point 65 of the carcass reinforcement is
located on or near the perimeter of the coating profiled element 75.

[0061] Figure 6 shows diagrammatically and in radial section another variant of a tyre
bead according to an embodiment of the invention. In this case, the stiffening
reinforcement 160 is formed from two discontinuous parts 161 and 162, these
discontinuous parts overlapping in a superposition area. This superposition area is
located in the vicinity of the coating profiled element of the anchoring structure, which
means that the distance DU between the axially inner end 163 of the axially outer
strand 162 of the stiffening reinforcement 160 and the radially innermost point of the
anchoring structure 700 is less than 1.5 DR (see Figure 3).

[0062] In any radial section, the length LK (indicated by means of a double-headed
arrow in Figure 7) of the superposition area, defined as the curvilinear length of the path
of the interface between the two discontinuous parts 161 and 162, is at least half the
axial distance DA (see Figure 7) between the axially furthest apart points 702 and 704
of the anchoring structure 700. These points 702 and 704 are obtained by constructing
tangents T1 and T2 to the anchoring structure 700, said tangents being perpendicular
to the axis of rotation of the tyre. In this case LK =15 mm and DA = 19 mm.

[0063] This variant is advantageous because it allows the materials of the two
discontinuous parts 161 and 162 to be differentiated, either by employing reinforcing
elements of differing kinds (for example textile reinforcing elements for one part and
metal reinforcing elements for the other) or by employing differing coating materials, or
a combination of the two. It also allows to improve manufacturing as there is greater
precision in the position of the components and reinforcements and a reduction in the
space taken up at manufacturing stations.

[0064] Figure 8 shows diagrammatically and in radial section another variant of a tyre
bead according to an embodiment of the invention. In this case, the coupling
reinforcement 150 is interposed between the coating profiled element 75 of the bead
anchoring structure 700 and the carcass reinforcement 60. The end 65 of the carcass
reinforcement 60 is thus positioned between the coupling reinforcement 150 and the
stiffening reinforcement 160. This arrangement ensures better mechanical integrity of
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the carcass reinforcement in each bead and prevents the reinforcing elements of this
reinforcement from coming into contact with the circumferential reinforcement 70 while

the tyre is in use.

[0065] In a heavy goods vehicle tyre of size 295/60 R 22.5, the novel geometry of the
bead substantially improved the endurance of the bead. During an endurance test in
which the tyre rolls on a machine while being subjected to a high load (about 50%
higher than the nominal load for that size), the service life was increased by more
than 60% with respect to the tyres of the document WO 2008/107234-A1.
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CLAIMS

1. Tyre (10) for a heavy goods vehicle, designed to be mounted on a rim, and
comprising:

a crown comprising a crown reinforcement (80, 90) surmounted by a tread (30);

two sidewalls (40) extending the crown radially inwards;

two beads (50) radially inside the sidewalls and designed to engage with the rim,
each bead comprising an anchoring structure (700), the anchoring structure comprising
a circumferential reinforcement (70), the anchoring structure having in any radial section
an axially innermost point (702) and an axially outermost point (704);

a radial carcass reinforcement (60) comprising a plurality of reinforcing
elements (61) directed in a direction that makes an angle of greater than or equal to 80
degrees with the circumferential direction, the carcass reinforcement being anchored in
each of the beads to the anchoring structure, the carcass reinforcement being partially
wrapped around the anchoring structure, passing axially from the inside to the outside
of the tyre, the end point (65) of this carcass reinforcement being located on or near the
anchoring structure and axially between the axially innermost point (702) and the axially
outermost point (704) of the anchoring structure;

a coupling reinforcement (150) formed from a plurality of reinforcing elements
directed in a direction that makes an angle of greater than or equal to 70 degrees with
the circumferential direction, comprising a first part (151) in contact with the carcass
reinforcement between an end point (155) which is radially on the outside with respect
to the radially outermost point (701) of the anchoring structure and the end point (65) of
the carcass reinforcement, the coupling reinforcement being extended beyond the end
point (65) of the carcass reinforcement by a second part (152) in contact with the
anchoring structure (700) as far as an end point (157) radially on the outside of the
anchoring structure, the end point (157) of the coupling reinforcement being located
axially between the axially innermost point (702) and the axially outermost point (704) of
the anchoring structure;

a stiffening reinforcement (160) surrounding the coupling reinforcement (150)
and running radially on the inside of the anchoring structure (700) and of the coupling
reinforcement so as to form an axially internal portion (161) and an axially external
portion (162), the axially internal portion being axially on the inside with respect to the
carcass reinforcement (60) and the axially external portion being axially on the outside
of the carcass reinforcement, the axially internal portion (161) being in contact over a
length LC with the carcass reinforcement between the end point (165) of said axially
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internal portion (161) and the end point (155) of the coupling reinforcement (150), the
end point (165) of said axially internal portion (161) being located radially on the outside
of the end point (155) of the coupling reinforcement (150), this stiffening reinforcement
being formed from a plurality of reinforcing elements directed in a mean direction that
makes an angle of less than or equal to 50 degrees with the circumferential direction,
wherein the axially outside end point (166) of said stiffening reinforcement (160)
is located at a radial distance DR from the radially innermost point (73) of the
circumferential reinforcement (70) of the anchoring structure (700), the radial distance
DR being greater than or equal to 0.8 times the radial distance DS between the radially
innermost point (73) and the radially outermost point (71) of the circumferential
reinforcement (70) of the anchoring structure (700) and less than or equal to 1.2 times
the radial distance DS between the radially innermost point (73) and the radially
outermost point (71) of the circumferential reinforcement (70) of the anchoring structure.

2. Tyre according to Claim 1, wherein said stiffening reinforcement (160) is formed
of a plurality of reinforcing elements directed in a mean direction that makes an angle of
greater than or equal to 15 degrees and less than or equal to 30 degrees with the

circumferential direction.

3. Tyre according to Claim 1 or 2, wherein the anchoring structure (700) comprises
a coating profiled element (75) surrounding the circumferential reinforcement, wherein
the perimeter of the radial section of the coating profiled element comprises a part
radially on the inside and a part radially on the outside, said parts meeting at the axially
innermost and axially outermost points (702, 704) of the anchoring structure, and
wherein the end point (65) of the carcass reinforcement (60) is located on or near the
perimeter of the coating profiled element (75).

4. Tyre according to any one of Claims 1 to 3, wherein the contact length LC of the
axially internal portion (161) of the stiffening reinforcement (160) is at least 20 per cent
of the distance DY between the radially outermost end point (165) of the axially internal
portion (161) of the stiffening reinforcement and the radially innermost point (73) of the
circumferential reinforcement (70) of the anchoring structure (700).

5. Tyre according to any one of Claims 1 to 4, wherein the distance DY between
the radially outermost end point (165) of the axially internal portion (161) of the
stiffening reinforcement (160) and the radially innermost point (73) of the circumferential
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reinforcement (70) of the anchoring structure (700) is greater than or equal to 15 per
cent and less than or equal to 40 per cent of the radial distance DC between the radially
outermost point (62) of the carcass reinforcement (60) and the radially innermost
point (63) of the same carcass reinforcement.

6. Tyre according to any one of Claims 1 to 5, wherein the reinforcing elements of
the coupling reinforcement (150) are chosen from reinforcing elements of a textile

nature.

7. Tyre according to any one of Claims 1 to 6, wherein the axially internal
portion (161) of the stiffening reinforcement (160) is locally separated from the carcass
reinforcement (60) so as to reduce the shear stresses near the end point (165) of said
axially internal point (161), an elastomer being interposed between said reinforcements.

8. Tyre according to any one of Claims 1 to 7, wherein the stiffening
reinforcement (160) is formed from two discontinuous parts each constituting one of the
portions (161, 162), these discontinuous parts overlapping in a superposition area.

9. Tyre according to Claim 3, wherein the stiffening reinforcement (160) is formed
from two discontinuous parts each constituting one of the portions (161, 162), these
discontinuous parts overlapping in a superposition area, wherein the superposition area
is located in the vicinity of the coating profiled element (75) of the anchoring
structure (700) and wherein in any radial section the length LK of the superposition area
is at least half the axial distance DA between the axially furthest apart points (702, 704)
of the anchoring structure (700).

10. Tyre according to any one of Claims 1 to 9, wherein the coupling
reinforcement (150) is interposed between the coating profiled element (75) of the bead
anchoring structure (700) and the carcass reinforcement (60).
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