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PNEUMATIC TYRE FOR VEHICLE, METHOD AND APPARATUS FOR ITS MANUFACTURE

Description

The present invention relates to a pneumatic tyre for
vehicle wheels having a tread band and/or sidewalls
and/or other structural elements made up of portions of

different blends of elastomer material.

It is a further object of the invention to prdvide a

method of manufacturing said tyre.

A tyre for vehicle wheels generally comprises a carcass
structure including at least one carcass ply formed of
reinforcing cords incorporated into an elastomer
matrix. The carcass ply has end flaps 1in engagement
with annular anchoring structures respectively, that
are located at the regions currently identified as
"beads", each of them being usually foxmed of a
substantially circumferential annular insert to which
at least one filling insert is applied, at a radially

external position.

Associated with the carcass ply, at 'a radially

external position, is a belt structure comprising one
or more belt. layers, disposed in radial superposed
relationship- with each other and having_ textile or
metallic reinforcing cords with a crossed orientation
and/or substantially parallel to the circumferential
exteﬁsion direction . of the tyre. A tread band is
applied to the belt structure, at a radially external
position; said tread band too is of elastomer material
like other constituent structural elements oX the tyre.

To the aims of the present description it is to be
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pointed out that by the term "elastomer material " it is
intended a composition comprising at least ©one
elastomeric polymer and at least one reinforcing
filler. Preferably, this composition further comprises
additives such as & cross-linking agent and/or a
pla-sticizer. Due to the presence of the cross—linking
agent, this material can be cross-linked through

heating so as to form the final article of manufacture.

In addition, respective sidewalls of elastomer material
are - applied to the side surfaces of the carcass
structure, each extending ffom one of the side edges of
the tread band until close to the respective annular

anchoring structure to the beads.

In tyres of the "tubeless" type, the carcass ply is
fully coated with a layer of butyl-based elastomer
material, wusually referred to as "liner", having
optimal ‘airtightness features and extending from one
bead to the other.

In tyres of the run flat type or for other paxticular
uses, the carcass structure can be also provided with
auxiliary reinforcing inserts of elastomer naterial,
located at an axially internal position to eachh of the

sidewalls. These auxiliary *inserts, usually  called

"sidewall inserts", lend themselves to support the load

30

35

transmitted to the wheel in case of accidental
deflation of - the tyre, to allow the-vehicle to go on

running under safety conditions.

The sidewalls, tread band, possible auxiliary inserts,
liner and/or any other structural element of elastomer
material integrated into the tyre structure are usually
made of blends of materials .that are different from



10

15

20

25

30

35

WO 2006/046259 PCT/1T2004/000592

each other, each of them being selected dépending of
the specific operating features required for the

respective structural element.

Uus 6,279,633 proposes manufacture of the sidewalls
using an EPDM-based (EPDM = a non-conjugated ethylene-
propylene-diene terpolymer) elastomer material
containing a siliceous reinforcing filler, to obtain a
good resistance to ageing and the possibility of giving

the sidewalls a desired colour.

Document US 2004/0103974 teaches how to apply labels of
natural rubber containing until 50% of pigments of
titanium dioxide to the tyre sidewalls or the tread, in
order to reproduce inscriptions and/ox tyre

identification codes thereon.

In documents US 2003/0127170 and WO 01/94453 use of a
surface treatment - based on a polyufethane' water
dispersion is proposed to improve the ‘resistance to
ageing of +the elastomer material constituting the

sidewalls.

EP 0 105 822 discloses a tyre the tread band of which
conﬁemplates a plurality of layers in which the outer.
layers have properties of.' resistance to wear andA
tearing, whexreas the inner layers have a gqod behaviour

to heating.

Us "6,598‘,646 proposes arranging of the cords of the
carcass ply between different covering layers of
elastomer material, in .which the only layer facing the
inside of the tyre is made of butyl rubber to avoid
early ‘separation of the 'tyre components from the

carcass ply.
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US 4,704,176 proposes improving of the adhesion between
a polyurethane Dblend and a blend based on natural
rubber and styrene/butadiene copolymers that are used
to make the tyre tread and carcass respectively or vice
versa, by applying a surface coating to the cured
rubber, which coating consists of a graft polymer based
on metylmethacrylate/natural rubber on which a
polyurethane reaction blend in a liquid state, which
will be submitted to vulcanisation, is subsequently
distributed to create a bond with the subsequently

applied components based on a polyurethane blend.

The Applicant has ascertained that selection of the
materials for the manufacture of the ddfferent
structural tyre elements 1is conditioned Dby the
difficulties that can arise for obtaining a.n efficient
and reliable union between the different elastomer
materials. In particular the polymeric bases used in
the different materials can be little compatilbble ‘with
each other, due for example to the insufficient degree
of co-crosslinking, which impairs reliability and

duration of the components made with said materdials.

The Applicant has perceived that through use of links
or constraints of the mechanical type between the
components a stable union between structural elements
made of elastomer materials different from each other
is made poséible, even when said materials are not

sufficiently co-crosslinkable.

The Applicant therefore has found that if ‘the
structural - tyre elements are such made that a
mechanical engagement between the contacting surfaces
can be obtained, blends that are chemically non-

compatible or not sufficiently co-crosslinkable can be
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mutually coupled in a very reliable and durable manner,
because the forces tending to separate the different
components, due both to the inflating pressure and to
forces transmitted to the tyre during use, are
counteracted by the constraining reactions generated
between the contact surfaces of the different

components, as a result of said mechanical engagernent.

More specifically, in accordance with the pxesent
invention the different materials required for
manufacturing a desired structural element are set in
the form of a continuous elongated 'element and mutually
coupled before or during winding of said element on a
forming support, so as to obtain a layered coating in
which the materials are mutually joined according to an
undulated interface profile defining complementary
elements of mechanical engagement between the

components themselves.

In a first aspect, the invention relates to a pneumatic
tyre for -vehicle wheels, comprising:

- a carcass structure including reinforcing thread
elements incorporated in an elastomer matrix;

— structural elements of elastomer material associlated

with said carcass structure;

wherein at least -one of said structural el ements
comprises:

- at least one first component formed of a first
elastomer material,

- and at leést one second component formed of a second

elastomer material different from said first elastomer

. material;

wherein said first and second components have an
undulated interface profile; '

wherein said interface profile defines mechanical-
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engagement elements between the first and second

components.

In a further aspect, the invention relates to a method
of manufacturing a tyre for vehicle wheels, comp rising
the steps of:

- forming & carcass structure comprising reinforcing
thread elements incorporated in an elastomer matrix;

- associating structural elements of elastomer ma terial
with said carcass structure;

wherein the step of associating the structural el ements
of elastomer material with the carcass structure
comprises the steps of:

- preparing at least one first elongated e lement
comprising a first raw elastomer material, and at least
one second elongated element comprising a secornd raw
elastomer material having a different compositio:n from
that of said first elastomer material;

—~ laying said first elongated element on a forming
support, into coils wound up around a geometric axis of
said forming support so as to form a first comporrent of
said structural element;

~ laying said second elongated element on the forming
support, into coils wound up around the geometric axis
of said forming support so as to form a second
component of said-structural element superposed ©n said
first compomnent; '

said first and second components having an undulated
interface .‘profile, whérein said interface .profile
defines elements of mechanical engagement between the
first -and second components;

— curing said tyre.

In a further . aspect the invention relates to an

apparatus for manufacturing pneumatic tyrés for wehicle
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wheels comprising:

— devices designed to form a carcass structure
comprising reinforcing thread elements incorporated in
an elastomer matrix;

- devices for associating structural elements of
elastomer material with said carcass structure;

— devices for curing said tyre,

wherein the devices for associating the structural
elements of elastomer material with the carcass
structure comprise at least one unit for manufacturing
said structural elements, which unit comprises:

- feeding members to supply at least one first
elongated element comprising a first raw elastomer
material and at least one second elongated element
comprising a second raw elastomer material having a
different composition from that of the first elastomer
material;

—~ members for laying said first and second e longated
elements on a forming support into coils wound up
around a geometric axis of said forming support so as
to form a f£irst comﬁonent of said structural element
and a second component of said structural element
superposed on ‘said first component, respectively;

said first and second components having an undulated
interface pzrofile, wherein said interface profile
defines elements of mechanical engagement between the

first and second components.

Further features and advantages wili become more
apparent from the detailed description of a pi:eferred,
but. not exclusive, embodiment of a pneumatic tyre for
vehicle wheels, the related manufactur“ing met-hod and
the manufacturing apparatus in accordance with the
present invention.

i

This description will be taken hereinafter with
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reference to the accompanying drawings, given by way of
non-limiting example, in which:

- Fig. 1 diagrammatically shows a tyre for vehicle
wheels in accordance with the inven’tion, “in  a
fragmentary diametrical section;

- Fig. 2 i1s a fragmentary cross-section to an enlarged
scale of a structural element of the tyre in Fig. 1;

- Fig. 3 laterally shows a scheme of the simultaneous
laying of a first and a second elongated elements on a
forming support, for the purpose of manufacturing a
structural element of the tyre in reference;

- Fig. 3a laterally shows a scheme of the simultaneous
laying of a first and a second elongated elements on a
forming support, in accordance with a possible .
alternative embodiment;

~ Fig. 3b laterally shows a scheme of the simultaneous
laying of a first and a second elomjated elements on a
forming support, in accordance with a further
alternative embodiment;

- Fig. 4 4is a diagrammatic cross-section wiew of a
continuous strip-like element obtainable from mutual
coupling of the first and second elongated elements,
close to the plane denoted by line IV-IV in Fig. 3;

- Fig. 5 shows, by way of example, a scheme of laying
the continuous strip—liké element in the form of coils
disposed close to each othér, to obtain a structural
element as seen in Fig. 2;

- Fig. 6 4is a diagrammatic cross—-section wiew of a
continuous strip-like element obtainable .from coupling
of a first and a second elongated elements in a
trianguiar conformation, according to a possible
alternative embodiment of the invention;

- Fig. 7 is a fragmentary section view of a scheme of
laying the continuous strip-like element seen in Fig. 6

in the form of coils disposed close to each other.
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With reference to the drawings, a pneumatic tyre for
vehicle wheels in accordance with the present invention

has been generally identified with reference numeral 1.

In the present specification and in the appended claims
by "structural element” of the tyre it is intended any
tyre part made of elastomer material such as the tread
band, sidewalls, sidewall inserts, fillers, liner
and/or under-liner, or a portion thereof, or also the
assembly formed of two or more of said parts or

portions thereof.

Tyre 1 essentially comprises a carcass structure 2 of a
substantially toroidal conformation, and structural
elements of elastomer material 5, 28, 29, 30 associlated
with the carcass structure 2, as better described in
the following. In more detail, the carcass structure 2
may for example comprise a pair of annular anchoring
structures 3, integrated into the <regions usually
identified as "beads" and each, for example, consisting
of at least one substantially circumferential annular
insert 4, currently referred to as "bead core" and
formed of one or more rubber-coated cords or equivalent
reinforcing thread elements incorporated in an
elastomer matrix. An elastomer filler 5 can be applied

to the bead core 4, at a radially external position. In

. engagement with each of the annular anchoring

structures 3 are the end flaps 6a of at lLeast one
carcass ply 6 comprising textile or metallic rubber-
coated cords or equivalent reinforcing thread elements
incorporated - in an elastomer matrix and extending
transversely of the circumferential extension of tyre
2, possibly following a predetermined inclination, from

one of the annular anchoring structures 3 to the other.
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In tyres of the "tubeless" type, i.e. without an air
tube, the carcass structure 2 has a layer of

substantially airtight elastomer material generally

~ referred to as "liner" (not shown) at a radially

internal position.

Usually associated with the carcass structure 2 are

also one or more belt layers 7a, 7b comprising metallic

or textile rubber-coated cords, or eqguivalent
reinforcing thread elements incorporated in an
elastomer matrix, suitably inclined to the

circumferential extension of the tyre preferably
following crossed orientations between a belt layer and
the other, as well as a possible outer belting layer
(not shown ) comprising one or moxre cords
circumferentially wound into coils diéposed in axial
side by side relationship around the belt Ilayers 1la,
7b. The assembly of the belt layers 7a, 7b and the
possible outer belting layer defines a so—called belt
structure generally denoted at 7, of substantially
cylindrical annular conformation, applied to the
carcass structure 3 at a radially external position. To
the aims of the present specification and the appended
claims, the belt structure 7, while described as a
distinct component, is considered (when not expressly
stated in a different manner) as- an integral part of

the carcass structure 2.

Further associated with the carcass structure 3 is a
tread- band 28 circumferentially applied to the belt
structure 7 at a radially external position, and a pair
of sidewalls 29 laterally applied to the carcass

structure 2, on opposite sides.
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In run flat tyres or tyres intended for particular
uses, auxiliary support inserts 30, of the so-called
"sidewall insert" type for example, can Dbe also
provided; they are applied either close to the
sidewalls 29 internally of the carcass ply 6, as shown
by way of example in Fig. 1, or between two paired
carcass plies or also at a position axially external to

the carcass structure 2.

Tyre 1 lends itself to De manufactured by a
manufacturing apparatus essentially comprising devices
designed to form the carcass structure 2 and devices
for associating with the carcass structure 2, the tread
pand 28, sidewalls 29, possible auxiliary inserts 30,
said liner and/or other structural elements of

elastomer material co-operating in forming tyre 1.

In the accompanying drawings, ref'erence numeral 31
denotes a unit for manufacturing structural elements,
which unit is part of the devices for associating the
structural elements of elastomer material with the
carcass structure 2. The other components of fhe
apparatus are not shown, Dbecause they can be made in

any convenient manner.

For example, the devices for manufactu&:ing tyre 1 may
usually comprise a manufacturing line (not shown), in
which the carcass structures 2 are obtained, for

example, through assembling of carcass plies 6,

'anchoring structurés 3 and/or other parts consisting of

semifinished products coming‘from preceding work and -
storage steps. Assembling of said parts can be carried
out on a so-called "building drum" of the "unistage"
type suitable for manufacturing tyres according to a

known process currently referred to as "unistage
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process"; or said assembling can take place onn a so-
called "first-stage” drum operating in combination with
a so-called "shaping drum" suitable for manufa cturing
tyres according to a known process currently referred

to as "two—-stage process”.

Usually combined with the manufacturing line 1is a
belt-forming line comprising devices for making the
belt layer or layers Ta, To, and devices for
transferring the belt structure 7 to a coaxially
centred position on the unistage drum or the shaping
drum so as to associate the belt structure 7 at a

radially external position with the carcass structure 2

when the latter, first made in the form of a
cylindrical sleeve, is shaped into a toroidal
configuration.

Alternatively, the carcass structure 2 and/or the
respective belt structure 7 can be formed on at least
one forming support that, through one or more robotized
arms or other suitable devices, 1s sequentially brought
fto interact with one or more work stations located
along the manufacturing line, to directly form on the
forming support itself, the carcass ply 6, annular

anchoring structures 3, belt layers T7a, 7b and/or other

constituent elements of tyre 1 through laying .of

elementary' components such as rubbeér-coated cords,
strips of rubber-coated cords and/or elongated elements
of elastomer material, as described for example in
document US 6,457,504 in the .name of the same.
Applicant. ‘ ’

The structural elements of elastomer material in tyre
1, such as the tread band 28, sidewalls 29, awuxiliary

inserts 30, liner, or at least one of them, are
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preferably made by winding at least one continuous
strip-like element of elastomer material into
contiguous circumferential coils around a forming
support 18, as describec} in document WO02004/041522 in

the name of the same Applicant, for example.

The forming support 18 can consist of a rigid drum
conforming in shape to the inner surface extension of
the tyre oxr having another selected configuration
depending on the geometrical features of the stxuctural
element to be obtained. Alternatively, the forming
support 18 can be represented by the carcass ply 6
possibly in turn disposed on a rigid drum, or by other
component of the carcass structure 2, such as the belt
structure 7, previously associated with the carcass

structure 2 itself or not.

In more detail, the liner, possible auxiliary inserts
30 and/or other structural elements disposed at the
inner surfaces of tyre 1, or to be applied to the
carcass structure 2 at a second time, can be directly
made on a forming s:ﬁpport 18 in the form of a rigid
drum. Other structural elements such as the sidewalls
29 can be directly made against the side sur faces of
the carcass ply 6. The tread band 28 can in turn be
made at a radially external position to the carcass
structure 2 and more specifically on the belt structure
7, before ox after assembling of said belt strﬁcture

with the carcass structure 2.

In a preferred embodiment, at least one of the
structural elements 5, 28, 29, 30 of elastomer material
can be made with the aid of the above mentioned unit
31.
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More specifically, each structural element 5, 28, 29,
30 can consist of at least one first component 8 of a
first el astomer material, and one second component 9 of
a second elastomer ‘material different from the first
elastomer material. The first and second components 8,
9 are advantageously coupled at an undulated interface
profile 10 defining mechanical-engagement elements 10a

between said two components 8, 9.

In a preferential embodiment, the first elastomer
material composing component 8 consists of a blend
based omn natural rubber or in any case a blend co-
crosslinkable with the elastomer matrix used im making

the carcass structure and/or the belt layers.

The second elastomer material constituting the second
component 9 can in turn consist of a material having
any composition adapted to give the component the

desired properties.

For example, in manufacturing the sidewalls 29, .the
second component 9 located at an axially external
positionn to the first component, can advantageously
consist of a polymeric base comprising ethylene-
propylene-diene (EPDM) rubbers, polyurethanné-rubbers,
butyl rubbers or mixtures thereof, so as to achieve
satisfactory. properties of resistance to ageing, easy
capability of also printing coloured  inscriptions,
brightness or other desired features in surface

appearance.

In the support inserts 30, on the contrary, the second
component 9 axially positioned internally of the first
component can advantageously comprise a Dbutadiene

rubber-based blend, so as to achieve satisfactory
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properties of resistance to fatigue and low hysteresis.

With reference to the manufacture of the tread band 28,
should the carcass structure 2 be made with wuse of an
airtight elastomer material, of a butyl rubber-based
blend for example, the first elastomer material
composing component 8, located at a radially internal
position, can use a butyl rubber-based blend too, or in
any case a blend co-crosslinkable with the elastomer
matrix used in manufacturing the carcass structure 2

(and/or the belt layers 7a, 7b).

The second elastomer material constituting the second
component 9, placed at a radially‘ex{:ernal position to
the first component, can advantageously comsist of a
blend based on a natural or synthetic rubber
(polybutadiene or butadiene-styrene copolymers) so as
to ensure satisfactory gqualities of roadholding and

resistance to abrasion.

The liner could be made in the same manner, i .e. making
the first radially internal component 8 with an
airtight blend, based on butyl rubber for example, and
the second component 9 that in this case woul.d form the
so-called under-liner, with a compatible blend, i.e. a
blend adapted to be co-crosslinked with the blend used

for the remaining part of the carcass structure

radially and axially external to the liner/under-liner

assembly.

It can be seen that in this way any problem resulting
from the difficulty of Jjoining blends different from
each other in a stable and reliable manner is overcome,'
even if these blends are little compatible with each

other in terms of creation of chemical cross-linking
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bonds.

Thus, in making each structural element of tyre 1 it is
possible to use the most appropriate materials for
obtaining the desired physical and operational
features, without impairing the anchoring stability of

the diffe rent components during use.

As shown in Fig. 1, the first component 8 can
advantageously extend over the whole extens ion of the
respective component as shown by way of example with
reference to the tread band 28, even if it is also
possible for the second component 9 to extend limitedly
to a desired surface portion of the first component 8,
as shown in connection with the sidewalls 29 and

auxiliary inserts 30.

As shown in Fig. 2, in the undulated interface profile
10 it is possible to identify a wave pitch P and a wave
height H. Within the present specification and the
appended claims, Dby the .term wave "pitch" of the
interface profile it 1s intended the distance P
measured in an axial direction in right section between
the median points of two consecutive waves. In the
context of the present definition, the median point of
each wave is the mean point of segment "n" Joining the
opposite radially inner ends of said wave. In. Fig. 2
the line Z on which value P is indicated is parallel to
the geometrlc rotation axis X of the forming support 18
and therefore represents the axial direction. Here and
in the following of the specification and in the claims
the radial direction E is indicated perpendicularly to
line Z. -

Finally, in the présent specification and in the

following claims by "height" of each wave of said
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interface profile it is intended the projection H on a
plane parallel to the equatorial plane (that in the
embodiment shown 1is coincident with the radial
direction E) of the forming support 18, of a segment
"m" extending in a right-section plane perpendicularly
to segment "n" joining said radially inner wave ends,
or to the extension of the segment itself, between said
segment or the segment extension and the radially

outermost point of the wave.

To achieve an efficient mechanical engagement between
components 8 and 9, the wave height H is preferably
equal to or higher than one tenth of, and preferably
higher +than half the wave pitch P, so as to obtain
effective mechanical-engagement elements 1Q0a also in

the absence of undercuts.

Ir the embodiment shown in Fig. 2, the wave height H is
as high as about two times the value of the wave pitch

P.

Tt can Dbe also advantageously provided for the waves
defining the undulated profile 10 to have an extension,
identifiable by the bisecting line K of the vertex of
each wawve, which is inclined to a direction Q normal to
a median line L of the extension of the unduiated
profile itself, even to a greater extent than as shown
in Fig. 2. More specifically,  in accordance with a
preferred embodiment, to provide a particular
mechanical engagement, the inclination angle o included
between said bisecting line K and the perpendicuiar Q
to the median line L is in the range of albout 30° to
about 88°, and more preferably between about 60° and
about 85°.
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A suitable value of the inclination angle o, among
other things, allows an efficient coupling between the
first and second components to be ensured even when the
structural element of which they are part has a very

restricted extension.

In addition or as an alternative to the above
description, the complementary mechanical-engagement
element s 10a defined by the interface profile 10 may be
provided to have portions 10b of mutual undercut

constraint, as shown in Fig. 7.

As viewed from Figs. 5 and 7, a third component of
elastomer material 11 may be further provided, said
component being disposed at a radially internal
position to the first component 8 and being co-
crosslinked with the -elastomer material forrming the

first component.

If required, a fourth component of elastomer material
12 may be also arranged at 'a position radially external
to the second component 9, said fourth component being
cross—1inked with the elastomer material belonging to

at least the second component itself.

Manufacture of each structural element 28, 29, 30 by

_unit 31 involves preparation of a first elongated

element 13 and a second elongated element 14 made of
the First and second raw elastomer materials,
respectively. The first and second elongated elements,
obtained by extrusion 'and fed from a first 15 and a
second 16 extruders respectively, or other feeding
members, are guided to at least one roller 17 or other
member carrying out laying of them on a deposition

surface 18a of the forming support 18. The forming
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support 18 is preferably supported by a xobotized arm
19 only partly shown as it is already known £from
document WO 00/35666 Al in the name of the same
Applicant. The robotized arm 19 is equipped with a
motor or other rotatory driving devices giving the
forming support 18 a circumferential —distribution
rotatory motion around the geometric rotation axis X
thereof, by effect of which a circumferential
distribution of the elongated elements 13, 14 laid by
the feeding roller 17 on the deposition surface 18a is
caused. Simultaneously, translational driving devices
associated with the robotized arm 19 move the forming
support 18 in front of the feeding roller 17 with
controlled relative displacements of transverse
distribution, so that the first and second elongated
elements 13, 14 are laid on the deposition surface 18a
in the form of coils wound around the geometric axis X

of the forming support 18.

On coming out of the respective extruders 15, 16, the
first and second elongated elements 13, 14 are guided,
by effect of the feeding roller 17 or .other suitable
members , in mutually converging directions towards a
point of mutual coupling in which the elongated
elements themselves meet and adhere to each other
forming a continuous stri?—like element 20 that is laid

and distributed on the forming support 18 as above

. described.

In the example in Fig. 3, the coupling point of the
elongated elements 13 , 14 is coincident with the
application of same to the forming support 18 by the
feeding roller 17. However said elongated elements 13,
14 can be also guided in such a manner as to.cause

coupling of same at a point upstream of the forming
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support 18 . It may be also provided that the continuous
strip-like element 20 should come from a supply reel,
used in a storage step of the strip-like element itself
after carrying out mutual coupling of the elongated
elements 13, 14.

In a further alternative embodiment, the elongated
elements 13, 14 can be co-extruded and directly coupled
in the extrusion head of a single extruder 26 (Fig. 3a)
so that the strip-like element 20 is directly generated
at the extruder outlet.

Finally, 4in a different embodiment shown by way of
example in Fig. 3b, the elongated elements 13, 14 can
be simultaneously laid on the forming support 18 at
points A, B that are mutually spaced apart in a
circumferential direction. In this instance, the
coupling point between the elongated elements is
coincident with the application point of the second

elongated element 14 onto the forming supporf 18.

As can be viewed from Figs. 4 and 6, the elongated
elements 13, 14 are mutually coupled in such a manner
that, when coupling has occurred, each of them has a
base portion 21, 22 in contact with the loase portion
of the other elongated element. In addition, at least
one of the elongated elements ‘13, 14 may have an apex
23, 24 projecting from the base portion 21, 22, in a

direction transverse to the direction of mutual

‘alignment of the base portions themselves, -Jdenoted at D

in said figures.

In more detail, in a preferential embodiment the
elongated elements 13, 14 that can have a conformation

substantially identical with each other, are coupled at -
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mutually offset positions in a plane transwverse to the
mutual alignment direction D of the base portions 21,
22, so that each of them has a respective apex 23, 24
projecting in the opposite direction with respect to
the apex of thé other elongated element. .

During laying on the forming support 18, the mutual
positioning of the elongated elements 13, 14 and/or
orientation of the continuous strip-like element 20
formed by them is controlled in such a manner that, on
coming close to the deposition surface 18a, the apex 23
of the first elongated element 13 is turned towards the
forming support 18.

As can be clearly seen looking at Figs. 5 and 7, apex
23 of the first elongated element 13 during application
is deformed and it consequently bends towards the base
portion 22 of the second elongated element 14, taking
an interposed position between the secomnd elongated
element 14 and the forming support 18 so as to avoid a
direct contact of the second elastomer material against
the deposition surface 18a. At the deposition surface
18a, the coils disposed consecutively in side by side
relatlonshlp and formed by the first elongated element
13, by ‘effect of bending of apex 23 as above descrlbed
give rise to a continuous layer made up of the
elastomer material, that extends over the whole

deposit ion surface 18a.

Apex 24 of the second elongated element 14, in turn, is
oriented radially away from the deposition surface 18a
exhibited by the forming support 18 and can be turned
up against the base portion 21 of the fixrst elongated
element 13, so that the coils in side by side

relationship formed by the second elongated element 14
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cause formation of a continuous layer made up of the

second elastomer material.

If required, turning up of apex 24 of the_—second
elongated element 14 can be assisted by a roller or
other auxiliary applicator member 25, operating

downstream of the feeding roller 17.

Furthermore, following deposition in the Form of coils
in side by side relationship, the base poxrtions 21, 22
of the first and second elongated elements 13, 14
generate the interface profile 10 between the first and

second components.

If required, application of the first and second
elongated elements 13, 14 can be preceded Dby
application of the third component 11 made of the same.
blend as that of the elongated element 13 or, in any
case, a blend co-crosslinkable with the first elastomer
material forming the - first elongated element 13.
Formation of this third component can take pléce in
the same manner as previously described with reference
to laying of thé continuous strip-like element 2(5, i.e.
through application of a continuous elongated element
of elastomer material coming from an extruder for
example and formed into coils disposed consecutively in

side by side relationship to cover the deposition

‘surface 18a of the forming support 18.

Subsequently to laying of the first and second
elongated elements 13, 14, application of the above
mentioned fourth component 12 may be also carried out,
said component being made of a rmaterial co-
crosslinkable with the second elastomer material

forming the second elongated element 14. Formation of
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the fourth component 12 too can be carxied out by
applying onto the forming support 18, a fourth
elongated element of elastomer material coming from an
extruder and formed into coils disposed consecutively
in side by side relationship. The third and fourth
elongated elements can be advantageous 1y produced
either by the same extruders 15, 16 used for formation
of the first and second elongated elements 13, 14, or

by specific extruders dedicated thereto.

In the presence of the third and/or fourth elastomer
components 11, 12, arrangement of apices 23, 24
projecting from the first and second elongated elements
13, 14 respectively may appear to Dbe superfluous, as
said third and fourth  components can be  co-
crosslinkable with the material forming the base
portions 21, 22 of the elongated elements 13, 14,

respectively.

As shown in Fig. 5, the elongated elements 13, 14 can
have a conformation with a substantially flattened
cross—éection. Tn this case an interface profile 10 as
shown in Fig. 2 is preferably obtained, in which the
wave height H is greatly higher than the wave pitch, so
that +the hills and valleys of the undul ated profile
will cause formation of the mechanical-engagement
elements. Alternatively, as exemplified in Figs. 6 and
7, ‘the elongated elements 13, "14 can advantageously
have . a cross-section profile = of triangular
conformation. In this case the base portions 21, 22 of
the ‘coupled elongated elements 13, 14 give rise to
formation of portions 10b with an undercut constraint,
in the mechanical—engagemeni: elements 1l0a. The same
effect is achieved using elongated elements 13, 14

having a trapezoidal cross-section profile.
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When formation of the structural elements 28, 29, 30
co-operating in the manufacture of tyre 1 together with
the~ carcass structure 2, has been completed, the tyre
itself lends itself to be introduced into a mould to
be submitted to a moulding and vulcanisation step that

can be carried out in any convenient manner.

Tt will be finally appreciated that union Dbetween the
diffe rent materials is obtained without requiring use
of chemical treatments that would increase the working
time and costs and would involve use of polluting

subst ances.

In addition, the tyre in reference lends 1tself to be
made in a simple and cheap manner, utilising machinery
and equipment already provided in modern tyre-
production cycles in which the structural elements of
elast omer material are obtained by winding up elongated
elements of raw elastomer material into coils disposed'
in side by side relationship on a forming support, as
descr ibed in document WO 00/35666 Al in the name of the
same Applicant.
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CLAIMS

1. A pneumatic tyre for vehicle wheels, compxrising:

— a carcass structure (2) including reinforcing thread
elements incorporated in an elastomer matrixz

— structural elements of elastomer material (28, 29,
30) associated with said carcass structure (2);
wherein at least one of said structural elerments (28,
29, 30) comprises:

— at least one first component (8) formed of a first
elastomer material,

— and at least one second c¢omponent (9) formed of a
second elastomer material different from said first
elastomer material;

wherein said first and second components (8, 9) have
an undulated interface profile (10);

wherein said interface profi%e (10) defines Inechanical—
engagement elements (10a) between the first and second

components (8,9).

2. A tyre as claimed in claim 1, wherein a tread band
(28) applied to the carcass structure (2) at a radially
external position has said second component (9)
disposed at a position radially external to said first

component (8) -

3. A tyre as claimed in claim 1 or 2, wherein a pair of

_sidewalls (29) is applied to the carcass st ructure (2)

at laterally opposite positions, at least one of said
sidewalls (29) " having sald second component (9)
disposed in a position axially external to the first

component (8).

4. A tyre as claimed in one or more of th e preceding

claims, wherein a pair of auxiliary support inserts
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(30) is associated with the carcass structure (2), at
least one of said auxiliary inserts (30) having said
second component (9) disposed in a position axially

external to the first component (8).

5. A tyre as claimed in one or more of the preceding
claims, wherein a liner and an under-liner are applied
to the carcass structure (2) at a radially internal
position, said wunder-liner comprising said second
component (9) at a radially external position to said

first component (8) forming said liner.

6. A tyre as claimed in one or more of the preceding
claims, Wherein the interface profile (10) has a wave
height (H) and a wave pitch (P) in which the wave
height (H) is equal to or higher than one tenth of the
wave pitch (P).

7. A tyre as claimed in claim 6, wherein the wave

height (H) is higher than half the wave pitch (P).

8. A tyre as claimed in claim 6, wherein the wave

height (H) is higher than four times the wave pitch
(P) .

9. A tyre as claimed in one or more of the preceding
claims, wherein said mechanical-engagement elements

(10a) have portions of mutual undercut constraint

(10b) .

10. A tyre as claimed in one or more of the preceding
claims, wherein said undulated interface picofile (10)
comprises a plurality of waves having an inclined
extension to a direction normal to a median line (L) of

extension of the undulated profile.
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11. A tyre as claimed in claim 10, wherein each wave
has an inclination angle (o) between a bisecting line
(K) of a vertex of said wave and said direction (Q)
normal to the median line (L), included between about
30° and about 88°.

12. A tyre as claimed in claim 11, wherein said
inclination angle (a) is included between about 60° and
about 85°.

13. A tyre as claimed in one or more of the preceding
claims, wherein coupled with said first component (8)
is a third component (11) of elastomer material co-
crosslinked with at least said first elastomer

material.

14. A tyre as claimed in one or more of the preceding
claims, wherein coupled with said second component (9)
is a fourth component (12) of elastomer materialA co-
crosslinked with at least one .of said f£irst and second

elastomer material.

15. A tyre as claimed in one or more of the preceding
claims, wherein said second component (9) extends along

at least one surface ’portion of the first component

(8) -

16. A tyre as claimed in one or more of the preceding
claims, wherein said first elastomer material is co-
crosslinked with the elastomer matrix of the carcass

structure (2).

17. A method of manufacturing a tyzre for vehicle
wheels, comprising the steps of:

~ forming a carcass structure (2) comprising
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reinforcing thread elements incorporated in an
el astomer matrix;

- associating structural elements (28, 29, 30) of
el astomer material with said carcass structure (2);
wherein the step of as'sociating the structural elements
(28, 29, 30) of elastomer material with the carcass
st ructure (2) comprises the steps of:

~ preparing at least one first elongated element (13)
comprising a first raw elastomer material and at least
one second elongated 'element (14) comprising a second
raw elastomer material having a different composition
from that of said first elastomer material;

— laying said first elongated element (13) on a forming
support (18), into coils wound up around a geometric
axis (X) of said forming support (18) so as to form a
first component (8) of said structural element (28, 29,
30)7;

- laying said second elongated element (14) on the
forming support (18), into coils wound up around the
geometric axis (X) of said forming support (18) so as

to  form a second component (9) of said structural

. element (28, 29, 30) superposed on said first component

(8)7
said first and second components (8, 9) having an
undulated interface profile (10), wherein said ‘
interface profile (10) defines elements of mechanical
engagement (10a) between the first and second
components; ‘

— curing said tyre.

18. A method as claimed in claim 17, wherein laying of
the first and second elongated elements (13, 14) is
carried out at a radially extermal position to the.
carcass structure (2) previously set on- the forming

support (18), to form a tread band (28) of said’ tyre
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(1).

19. A method as:claimed in claim 19 or 20, £further
comprising the steps of setting at least one belt layer
(7a, 7b) and associating said at least one belt layer
(7a, 7b) with the carcass structurée (2) , wherein laying
of the first and second elongated elements (13, 14) is
carried out at a radially external position to said at
least one belt layer (7a, 7b), before or after
associating the belt layer with the carcass structure
(2), to form a tread band (28) of said tyre (1).

20. A method as claimed in one or more of claims 17 to
19, wherein laying of the first and second elongated
elements (13, 14) is carried out laterally against the
carcass structure (2), to form at least one sidewall
(29) of said tyre (1).

1. A method as claimed in one or more of claims 17 to
20, wherein laying of the first and second elongated
elements (13, 14) is carried out at an axially external
position to the forming support (18) to form at least
one support insert (30) before setting the carcass
structure (2) on the forming support (18) to apply said
at least one support dinsert (30) laterally to the

4nside of the carcass structure (2) itself.

22_. A method as claimed in one or more of claims 17 to
21, wherein. said interface profile (10) has a wave
height (H) and a wave pitch (P) in which the wave
height (H) i1s at least as high as one tenth of the
wave pitch (P). )

23. A method as claimed in claim 22, wherein the wave

height (H) is higher than half the wave pitchA(P) .
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height (H) is higher than four times the wave pitch
(P).

25. A method as claimed in one or more of claims 17 to
24, wherein said undulated interface profile - (10)
comprises a plurality of waves having an 1nclined
extension to a direction (Q) normal to a median line

(L) of extension of the undulated prof ile.

26. A method as claimed in claim 25, wherein each wave
has an inclination angle (a) between a bisecting line
(K) of a vertex of said wave and sé.id direction (Q)
normal to the median line (L) that is included between
about 30° and about 88°. '

27. A method as claimed in claim 26, wherein said
inclination angle (a) is included between about 60° and
about 85°.

28. A method as claimed in one or more of claims 17 to
27, wherein said mechanical-engagement elements (10)

have portions of mutual undercut constraint (10b).

29. A method as claimed in one or more of claims 17 to
28, wherein at - least one of said first and second
elongated elements (13, 14) has a fla{:tened cross-

section conformation.

30. A method as claimed in one or more of claims 17 to
28, wherein at least one of said first and second

elongated elements (13, 14) has a substantially

triangular cross-section conformation-

31. A method as claimed in one or more of claims 17 to
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28, wherein at least one of said first and second
elongated elements (13, 14) has a substantially

trapezoidal cross-section conformation.

32. A method as claimed in one or more of claims 17 to
31, further comprising a step of mutually coupling the
first and second elongated elements (13, 14) along
their lomgitudinal extension, to prepare a continuous
strip-like element (20) that 1s wound around the
geometric axis (X) of said forming support (18) during

the laying step.

33. A method as claimed in claim 32, wherein the

coupling step is carried out before the laying steps.

34, A method as claimed in claim 32, wherein
preparation of the continuous strip-like element (20)
comprises the steps of:

- feeding the first elongated element (13) through a
first feeding member (15);

— feeding the second elongated element (14) through a
second feeding member (16) simultaneously with feeding
of the first elongated element (13);

—~ guiding the first and second elongated elements (13,
14) in mutually converging directions, towards a point

of mutual coupling.

35. A method as claimed in claim 34, wheredin feeding of
the first and secohd elongatéd elements (1.3, 14) takes
place by extrusion throdgh fifst and second extrﬁders
(15, 16) respectively, that are'part of said first and

second feeding members.

36. A mmethod as claimed in claim 32, wherein the

continuéus strip-like element (20) is made by co-



10

15

20

25

30

35

WO 2006/046259 PCT/1T2004/000592

._.32.._

extrusion of the first and second elongated elements
(13, 14) through the same extruder (26).

37. A method as claimed in claim 32, wherein " the
coupling step 1s carried out simultaneously with
windiﬁg of the strip-like element (20) on the forming
support (18), at a point of mutual <oupling between the
elongated elements (13, 14) placed on the forming
support (18).

38. A method as claimed in claim 32, wherein the
coupling step is carried out simultaneously with
winding of the strip-like element (20) on the forming
support (18), at a point of mutual coupling between the
elongated elements (13, 14) placed upstream of the
forming support (18).

39. A method as claimed in one or rnore of claims 17 to
36, wherein the first and second elongated elements
(13, 14) are simultaneously laid on the forming support .
(18) at points (A, B) mutually spaced apart in a

circumferential direction.

40. A method as claimed in one or mmore of claims 32 to
39, wherein following the coupling step, each of said
elongated elements (13, 14). has a base portion (21, 22)
integral with a base portion of the other elongated

element, and at -least one of said elongated elements

' (13, 14) has an apex (23, 24) pfoj ectincj from the base

portion (21, 22) transversely of a direction of mutual

alignment (D) of the base portions (21, 22).

41. A method as claimed in claim 40, wherein the first
and second elongated elements (13, 14) are coupled at

mutually offset positions in a +transverse direction
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relative to a direction (D) of mutual alignment of the
base portions (21, 22), so that each elongated element
(13, 14) has said apex (23, 24) projecting in the
opposite direction relative to the apex of the other

elongated element.

42. A method as claimed in claim 40 or 41, wherein the
apex (23, 24) of an elongated element (13, 14) is
turned up against a base portion (21, 22) of the other

elongated element.

'43. A method as claimed in one or more of claims 17 to

42, wherein laying of each of said first and second
elongated elements (13, 14) comprises the steps of:

~ feeding the elongated element (13, 14) from a feeddng
member (15, 16, 17) disposed adjacént to the form-ding
support (18) for application of said elongated element
onto the support itself;

~ giving the forming support (18) a circumferential-
distribution rotatory motion around the geometxric
rotation axis (X), so that the elongated element (13,
14) is circumferentially distributed on the forming
support (18);

—~ carrying out controlled relative displacements of
transverse distribution between the forming support
(18) and feeding member (15, 16, 17) to form said

coils.

44. A method as claimed in one or more of claifns 17 to
43, further comprising the step of applying at least
one third component ‘(11) onto the forming support (18)
before application of said first component (8), said
third component (11) being of an elastomer material co-
crosslinkable with at least said first elastomer

material.
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45. A method as claimed in one or more of claims 17 to
44, further comprising the step of applying a fourth
component (12) subsequently to application of said
secoﬁd component (9), said fourth component (12) being
of an elastomer material co-crosslinkable with at least

said second elastomer material.

46. A method as claimed in one or more of claims 17 to
45, wherein said first elastomer material 1is co-
crosslinkable with the elastomer matrix of the carcass

structure (2).

47. An apparatus for manufacturing pneumatic tyres for
vehicle wheels comprising:

— devices designed to form a carcass structure (2)
comprising reinforcing thread elements incorporated in
an elastomer matrix;

~ devices (31) for associating structural elements
(28, 29, 30) of elastomer material with said carcass
structure (2);

— devices for curing said tyre,

wherein the devices for associating the structural
elements (28, 29, 30) of elastomer material with the
carcass structure (2) comprise at least one.'unit (31)
for manufacturing said structural elements, which unit
comprises: '

—.feeding members (15, 16) to supply at: least one
first elongated element (13) comprising a first raw
elastomer material and at least one second elongated
element (1.4) comprising a second raw elastomer
material having a different composition from that of
the first elastomer material;

- members (17, 25) for laying said first and second
elongated elements (13, 14{ on a forming support (18)

into coils wound up around a geometric axis (X) of said
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forming support (18) so as to form a first component
(8) of said structural element (28, 29, 30) and a

second component (9) of said structural element (28,
29, 30) superposed on said first component (8),
respectively;

said first and second components (8, 9) having an
undulated interface profile (10), wherein said
interface profile (10) defines elements of mechanical
engagement (10a) between the> first and second

components (8, 9).

48. An apparatus as claimed in claim 47, wherein said
at least one unit (31) for manufacturing structural
elements is dedicated to manufacturing tread bands at a
radially external position to the carcass structure
(2).

49. An apparatus as claimed in claim 47 or 48, further
comprising devices for making at least one belt layer
(7a, 7b) and devices for associating said at least one
belt layer (7a, 7b) with the carcass structure (2) at a
radially external position, wherein said at least one
unit (31) for manufacturing structural elements 1is
dedicated to manufacturing tread bands (28) ‘at a
radially external position to said at least one belt
layer (7a, 7b).

50. An apparatus as claimed in one or more of claims 47
to 49, wherein said at least one unit (31) for
manufacturing structural elements 1is dedicated to
manufacturing sidewalls (29) laterally disposed against

the carcass structure (2).

51. An apparatus as claimed in one or more of claims 47

to 49, wherein said at least one unit (31) for
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manufacturing structural elements 1s dedicated to
manufacturing auxiliary support inserts (30) for

association with the carcass structure (2).

52. An apparatus as claimed in one or more of claims 47
to 51, wherein said at least one unit (31) for
manufacturing structural elements comprises:

- a first feeding member (15) set to feed the first
elongated element (13);

— a second feeding member (16) set to feed the second
elongated element (14);

— devices (17, 25) for guiding the £first and second
elongated elements (13, 14) in mutually converging

directions towards a mutual coupling point.

53. An apparatus as claimed in claim 52, wherein said
mutual coupling point between the elongated elements

(13, 14) is located on the forming support (18).

54. An apparatus as claimed in claim 52, wherein said
mutual coupling point between the elongated elements
(13, 14) is located upstream of the forming support
(18) .

55. An apparatus as claimed in claim 52, wherein the
guiding devices convey the first and second elongated
elements (13, 14) on the forming support (18) to points.
(A, B) tha? are mutually spaced apart in a

circumferential direction.

56. An apparatus as cladimed in one or more of claims 52
to 55, wherein said first and second feeding members
comprise first and second extruders (15, 16),

respectively.
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57. An apparatus as claimed in one or more of claims 47
to 51, wherein said at least one unit (31) for
manufacturing structural elements (28, 29, 30)
comprises at least one extruder (26) for co-extrusion
of the first and second elongated elements (13, 14) to

manufacture said continuous /strip—like element (20).

58. An apparatus as claimed in one or more of claims 47
to 57, wherein said at least one unit (31) for
manufacturing structural elements (28, 29, 30)
comprises:

- at least one feeding member (15, 16. 17) disposed
adjacent to the forming support (18) for application of
at least one of said elongated elements (13, 14) on the
support itself;

- rotatory driving devices to give the forming support
(18) a circumferential-distribution rotatory motion
around the geometric rotation axis (X), so that the
elongated e lement (13, 14) is circumferentially
distributed on the forming support (18);

- translational driving devices to carry out controlled
relative displacements of transverse distribution
between the Fforming support (18) and the feeding member

(15, 16,-17) in order to form said coils.

59. An apparatus as claimed in one or more of claims 47
to 58, wherein said at least one unit (31) for
manufacturing structural elements (28, 29, 30) ﬁurther
comprises devices for application on the forming
support (18) , of at least lone third component (11) of
elastomer material co-crosslinkable with at least said

first elastomer material.

60. An apparatus as claimed in one or more of claims 47

to 59, wherein said at least one unit (31) for
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manufacturing structural elements (28, 29, 30) further
comprises devices for application on the forming
support (18), of a fourth component (12> of elastomer
material co-crosslinkable with at least said second

elastomer material.
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