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a first radially contracted operative condition. The carcass sleeve (12) is shaped according to a toroidal configuration while the form-
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METHOD AND PLANT FOR BUILDING TYRES

The present invention relates to a method, a process and a plant for
building tyres.

More particularly, the invention is directed to the method, process and
equipment used for building the green tyre, to be subsequently subjected
to a vulcanisation cycle for the obtainment of the final product.

A tyre for vehicle wheels generally comprises a carcass structure
comprising at least one carcass ply having respectively opposite end flaps
engaged with respective anchoring annular structures, integrated in the
zones normally identified with the name “beads”, having an internal
diameter substantially corresponding to a so-called "fitting diameter” of the
tyre on a respective mounting rim.

The carcass structure is associated with a belt structure which can
comprise one or more belt layers, situated in radial superimposition with
respect to each other and with respect to the carcass ply, having textile or
metallic reinforcement cords with crossed orientation and/or substantially
parallel to the circumferential extension direction of the tyre (at 0 degrees).
At a radially external position relative to the belt structure, a tread band is
applied, it too made of elastomeric material like other semifinished
products constituting the tyre.

On the lateral surfaces of the carcass structure, each extended from one
of the lateral edges of the tread band up to the respective anchoring
annular structure to the beads, respective sidewalls made of elastomeric
material are also applied in axially external position. In the tyres of
“tubeless” type, an air impermeable cover layer, normally termed “liner”,
covers the internal surfaces of the tyre.

After the building of the green tyre actuated by assembly of respective
components, a moulding and vulcanisation treatment is generally executed
aimed to determine the structural stabilisation of the tyre through cross-

linking of the elastomeric compositions as well as imparting on the same, if
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required, a desired tread pattern and possible distinctive graphic marks at
the sidewalls of the tyre.

The carcass structure and the belt structure are generally made separately
from each other in respective work stations, in order to be mutually
assembled at a later time.

More particularly, the obtainment of the carcass structure first provides
that the carcass ply or plies are applied on a building drum, to form a
substantially cylindrical so-called “carcass sleeve”. The anchoring annular
structures to the beads are fit or formed on the opposite end flaps of the
carcass ply or plies, which are subsequently turned up around the annular
structures themselves in a manner so as to enclose them in a kind of
noose.

On a second drum or auxiliary drum, a so-called “crown structure” is
obtained in the form of an external sleeve comprising one or more belt
layers applied in mutual radial superimposition, and possibly the tread
band applied at a radially external position relative to the beit layer(s). The
crown structure is then drawn from the auxiliary drum in order to be
coupled to the carcass sleeve. The crown structure is for such purpose
arranged coaxially around the carcass sleeve, after which the carcass ply
or plies are shaped according to a toroidal configuration by means of
mutual axial approaching of the beads and simultaneous introduction of
pressurised fluid inside the carcass sleeve, in a manner so as to cause a
radial dilatation of the carcass plies until they are made to adhere against
the internal surface of the crown structure.

The assembly of the carcass sleeve with the crown structure can be
actuated on the same drum used for obtaining the carcass sleeve; in such
case, this is termed "single-stage building process" or “unistage process’.

Also known are building processes of so-called "two-stage” type, in which
a so-called "first-stage drum" is employed for obtaining the carcass sleeve,
while the assembly between the carcass sleeve and the crown structure is

actuated on a so-called “second-stage drum” or “shaping drum”, on which
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the carcass sleeve drawn from the first-stage drum and subsequently the
crown structure drawn from the auxiliary drum are transferred.

With the term “elastomeric material’, it is intended to indicate a
composition comprising at least one elastomeric polymer and at least one
reinforcement filler. Preferably, such composition further comprises
additives such as, for example, a cross-linking agent and/or a plasticiser.
Due to the presence of the cross-linking agent, through heating such
material can be cross-linked, so as to form the final manufactured product.
By tyre for two-wheel vehicles, in particular motorcycles, it is intended a
tyre whose curvature ratio is approximately comprised between about 0.15
and about 0.45.

By curvature ratio relative to a tyre (or to a portion thereof), it is intended
the ratio between the distance of the radially external point of the tread
band (or of the external surface) from the line passing through the laterally
opposite ends of the tread itself (or of the external surface itself),
measured on a radial plane of the tyre (or of said portion thereof), i.e. on a
plane containing the rotation axis thereof, and the distance measured
along the cord of the tyre (or of a portion thereof) between said ends.

By curvature ratio relative to a forming drum, it is intended the ratio
between the distance of the radially external point of the external surface
of the drum from the line passing through the laterally opposite ends of the
drum itself, measured on a radial plane of the drum, i.e. on a plane
containing the rotation axis thereof, and the distance measured along the
cord of the drum between said ends.

in the document WO 2004/041520, on behalf of the same Applicant, the
shaping drum can be carried by a robotic arm which interacts with a
transfer member carrying the belt structure drawn from an auxiliary drum,
in order to determine the coupling between the carcass structure and the
belt structure. The robotic arm therefore carries the shaping drum in
proximity to devices for applying the tread band and/or sidewalls

comprising supply members arranged to deposit a continuous elongated
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element made of elastomeric material on the mutually coupled carcass
structure and belt structure.

The document WO 2004/041522 illustrates a further example in which a
shaping drum carried by a robotic arm is moved in order to interact with
devices that complete the obtainment of the green tyre after having
determined the application of a belt structure previously formed on an
auxiliary drum.

US 2009/0020200 describes the obtainment of a tyre for two-wheel
vehicles, in which a tread band is obtained by continuously winding a
continuous elongated element made of elastomeric material in a spiral in
the circumferential direction of the tyre being processed, supporied by a
rigid drum whose external surface profile copies the internal surface profile
of the tyre being processed.

The Applicant has verified that in the execution of embodying methods of
the type illustrated in WO 2004/041520 or WO 2004/041522, it may be
difficult to ensure a correct mutual positioning between the crown structure
comprising at least one belt layer and {he carcass structure in the initial
carcass sleeve form. The Applicant has perceived that this circumstance is
particutarly but not exclusively evident in the obtainment of tyres with a
high curvature ratio, as can be typically found in the tyres for two-wheel
vehicles.

The Applicant has also verified that the use of a substantially rigid toroidal
forming drum, with fixed geometry of the type described in US
2009/0020200, tends to introduce process difficulties and criticalities, also
invalving significant logistics complications with regard to equipment and
spaces required for the installation of the production plants.

The Applicant has thus realised that by obtaining the components of the
crown structure directly on the shaped carcass sleeve according to the
desired configuration thereof in the built green tyre, itis possible to ensure

greater geometric and structural precision of the single components, and
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an optimal positioning of each of these with respect to other components
of the tyre being processed.

The Applicant then verified that by forming the crown structure directly on
the carcass sleeve, this eliminates the need to use and arrange layers
made of elastomeric material or other auxiliary elements typically required
for stabilizing the positioning of the components of the crown structure
before its coupling with the carcass sleeve.

The Applicant has thus perceived that it is advantageous to arrange the
shaped carcass sleeve on a substantially rigid toroidal forming drum with
variable geometry (at least in radial direction) or expandable, shaped in
part according to the internal geometric configuration of the built green
tyre.

The Applicant has also realised that in order fo prevent the carcass
structure, initially formed as carcass sleeve according to a cylindrical
shaping, from undergoing undesired structural distortions during shaping,
it is opportune that the coupling of the forming drum be completed when
the carcass sieeve is already shaped according to a toroidal configuration.
The Applicant has therefore found that by coupling a substantialiy rigid
and expandable toroidal forming drum to a substantially cylindrical carcass
sleeve already formed, by means of shaping the carcass sleeve,
expanding the toroidal forming drum and finally associating the fatter with
the shaped carcass sleeve, in order to subsequently execute the
deposition of the crown structure, it is possible to obtain tyres whose
structural elements, including the single components of the crown
structure therein (at least one from among one or more bhelt layers,
underlayer of the tread band, tread band, at least one sidewall portion),
are in accordance with precise design specifications without involving
significant processing waste. Such tyres can also be obtained in relatively
simple, economical production plants that can be installed in limited

spaces.
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The presence of a forming drum with variable geometry by means of radial

expansion then allows the same to be advantageously inserted contracted
inside the carcass sleeve formed according to a cylindrical configuration,
and to be radially expanded inside the carcass sleeve subsequently or at
the same time as the toroidal shaping thereof, in order to determine the
coupling thereof upon completed shaping. The structural rigidity of such
forming drum finally ensures the carcass sleeve, shaped and coupled
thereto, an excellent geometric and structural stability, which facilitates a
precise positioning of the single elements that constitute the crown
structure.

In accordance with a first aspect, the present invention relates to a method
for building tyres.

Preferably provision is made for building a carcass sleeve and a crown
structure of each tyre in sequence relative to each other.

Preferably said carcass sleeve is toroidally shaped and subsequently
coupied to an expandable toroidal forming drum.

Preferably the crown structure is built on the radially external surface of
said toroidally shaped carcass sleeve and associated with said expanded
toroidal forming drum.

In accordance with a second aspect, the invention relates to a process for
building tyres.

Preferably provision is made for arranging a carcass sleeve comprising at

least one carcass ply and a pair of anchoring annular structures.

" Preferably provision is made for arranging a toroidal forming drum in a first

radially contracted operative condition.

Preferably provision is made for positioning said carcass sleeve at a
radially external position relative to said forming drum.

Preferably provision is made for toroidally shaping said carcass sleeve
while said forming drum is positioned inside the carcass sleeve.

Preferably provision is made for expanding said forming drum up to a

second radially expanded operative condition.
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Preferably provision is made for coupling the carcass sleeve toroidally
shaped to the forming drum in said second operative condition.

Preferably provision is made for arranging said forming drum, coupled to
said carcass sleeve, in proximity to at least one device for building at least
one belt layer at a radially external position relative to said carcass sleeve.
In accordance with a further aspect, the present invention relates to a
plant for building tyres.

Preferably a shaping station is provided comprising devices for engaging a
carcass sleeve.

Preferably shaping devices are provided, operating in the shaping station
for shaping the carcass sleeve according to a toroidal configuration.
Preferably an expandable toroidal forming drum is provided, engageable in
the shaping station in radially internal position with respect to the carcass
sleeve.

Preferably actuator devices are provided, operating in the shaping station
in order to radially expand the forming drum inside the carcass sleeve.
Preferably at least one beit structure application station is provided.
Preferably transfer devices are provided, configured for transferring the
forming drum carrying said carcass sleeve toroidally shaped from the
shaping station to said at least one belt structure application station.

The Applicant deems that the crown structure therefore can be obtained
on the carcass structure shaped according to a precise predefined profile,
set by the geometric configuration of the forming drum, advantageously
selectable based on the design parameters of the tyre being processed.
Thus, greater structural precision of the single components of the crown
structure is attained, along with their positioning with respect to the cther
constituent elements of the tyre.

The Applicant finally deems that with the elimination of the need to couple,
to the carcass sleeve, the belt structure and/or other components obtained
apart from the crown structure, the problems related to process precision

and repeatability are also overcome, which are typically correlated to the
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need to couple structural components obtained separately. A simplification
of the production plants is also attained, since it is no longer necessary to
execute additional operations, nor are relative machinery required for
determining the transfer of the belt structure and/or other geometrically
unstable components from the stations where they are constructed to the
station where they must be coupled with the carcass structure itself.

Also eliminated is the execution of additional operations, and relative
machinery and materials, required for the production and management of
auxiliary components, such as sheets and the like, which can prove useful
or necessary for temporarily stabilising the positioning of the different parts
of the belt structure on a different auxiliary drum.

In at least one of the aforesaid aspects, the invention further comprises
one or more of the following preferred characteristics that are described
hereinbelow.

Preferably, the carcass sleeve is coupled in contact relation against an
external surface of the forming drum.

Preferably, the carcass sleeve is obtained in at least one building station
and subseguently transferred to a shaping station.

It is therefore possible to dedicate the shaping station to the execution of
the shaping of the carcass sleeve in an accurate and precise manner,
limiting the work cycle execution duration to the cycle-time required for
obtaining the carcass sleeve on the building line.

Preferably, the carcass sleeve is fit coaxially around the forming drum
arranged in the shaping station.

It is thus possible to engage the forming drum in the shaping station
without having to wait uniil the loading of the carcass sleeve has
completed.

The forming drum may be possibly subjected to additional processing in
the shaping station, before the engagement of the carcass sleeve.
Preferably, the carcass sleeve is first moved with a radial translation

movement relative to the forming drum until it is in a relation of substantial
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axial alignment therewith, and subsequently fit around the latter with an
axial translation movement.

Preferably, the carcass sleeve is axially centred with respect to the forming
drum before being shaped according to a toroidai shaping.

in this manner, it is ensured that an axial middle line plane of the forming
drum substantially coincides with an axial middle line plane of the shaped
carcass sleeve.

Preferably, the carcass sleeve is subjected to a radial expansion during
shaping according to a toroidal configuration.

Preferably, at least one part of the expansion of the forming drum is
actuated simultaneously with at least one part of the shaping of the
carcass sleeve.

It is thus possible to reduce the cycle-time required in the shaping station,
since the expansion of the forming drum can start without having fo wait
for the end of the shaping of the carcass sleeve.

Preferably, the external surface of the forming drum remains spaced from
the carcass sleeve during an expansion of the forming drum, at least until
the attainment of the second radially expanded operative condition.

The absence of contact between the carcass sleeve and the forming drum
during shaping ensures a correct shaping of the carcass sleeve, not
affected by hard to control mechanical interferences.

Preferably, at the end of the shaping, an internal surface of the carcass
sleeve reaches a maximum diameter greater than the maximum diameter
reached by the external surface of the forming drum in the second or
expanded operative condition.

Preferably, the external surface of the forming drum is coupled against an
internal surface of the carcass sleeve following a contraction of the shaped
carcass sleeve.

Therefore, an optimal adhesion of the carcass sleeve on the forming drum

can be verified, in a controlled and uniform manner.
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Preferably, the contraction is obtained by means of evacuation of an
operative inflation fluid from the shaped carcass sleeve.

Preferably, the shaping of the carcass sleeve occurs by means of
introduction of an operative inflation fluid inside the carcass sleeve.
Preferably, at least one diameter size of the carcass sleeve is monitored
during shaping.

Preferably, at least one diameter size of the forming drum is monitored
during shaping.

Preferably, control actions are executed on the shaping of the carcass
sleeve and/or on the radial expansion of the forming drum to prevent
mutual contacts during shaping.

Preferably, the shaping of the carcass sleeve is interrupted upon reaching
a predetermined maximum value of said diameter size of the carcass
sleeve.

Preferably, a radial expansion of the forming drum up to the second
operative condition is enabled upon reaching a predetermined value of
said diameter size of the carcass sleeve.

In such a manner, it is ensured that there are no undesired premature
contacts between the forming drum and the carcass sleeve, before the
latter is correctly shaped.

Preferably, the built tyre is vulcanised after having been removed from the
forming drum.

Preferably, said device for building at least one belt layer is installed in a
belt structure application station that is remote relative to said shaping
station.

Preferably, said at least one belt layer is obtained by winding at least one
continuous elongated reinforcement element according to axially adjacent
circumferential coils around a radially external surface of the carcass
sleeve coupled to the forming drum.

Due to the high stickiness of the elastomeric material that constitutes the

carcass ply/plies and/or the continuous elongated e!ement; a stable and
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precise positioning of the single coils is thus ensured, even when the
shaped carcass has a profile with accentuated curvature.

Preferably, a tread band is formed at a radially external position around
said at least one beilt layer made on the carcass sleeve.

The tread band can thus be obtained directly according to the final
geometric shape that it must have in the built green tyre. Thus, there is no
longer the need for subsequent handling in order to adapt the shaping of
the tread band to that of the underlying carcass sleeve, and hence no
consequent undesired material upsettings and/or other uncontrolled
deformations.

Preferably, the tread band is obtained by means of winding at least one
continuous elongated element made of elastomeric material according to
consecutively adjacent circumferential coils around a radially external
surface of said at least one belt layer.

It is thus possible to increase the operative flexibility of the process and
machinery, suitably modulating the number and position of the coils as a
function of the geometric and size characteristics that one wishes to confer
to the tread band.

Preferably, the carcass sleeve coupled to said at least one belt layer has a
curvature ratio comprised between about 0.15 and about 0.45.

In such a manner, optimal conditions are attained for building tyres
adapted for two-wheel vehicles.

Preferably, the following are provided: a carcass building line and carcass
loading devices configured for transferring the carcass sleeve from the
carcass building line to the shaping station.

Preferably, said carcass loading devices comprise a handling device
operating on a radially external surface of the carcass sleeve,

Preferably, the forming drum in a first radially contracted operative
condition has a maximum external diameter smailer than a minimum

internal diameter of the carcass sleeve.
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Preferably, the forming drum comprises a central shaft and a plurality of
sectors circumferentially distributed around the central shaft and movable
from a first operative condition, in which said sectors are close to the
central shaft, to a second operative condition in which said sectors are
moved away from the central shaft.

Preferably, each sector has an external surface shaped according to an
internal surface configuration to be given to the shaped carcass sleeve.
Preferably, the sectors are carried by respective telescopically extendable
guide members, radially extending from the central shaft.

Preferably, the forming drum comprises transmission mechanisms
operatively engageable by said actuator devices and configured for
simuttaneously translating the sectors from the first operative condition to
the second operative condition.

Preferably, said transmission mechanisms comprise control levers each
hinged to one of said sectors and to at least one control collar slidably fit
along the central shaft.

Preferably, the control collar is operatively connected to a threaded bar
rotatably engaged in the central shaft.

Preferably, the actuator devices comprise a rotary driving device
operatively engageable with the threaded bar to a first end of the central
shaft.

Preferably, said engagement devices comprise a pair of flange elements
coaxially facing each other and operatively engageable with respective
anchoring annular structures carried by respective axially opposite ends of
the carcass sleeve.

Preferably, said engagement devices comprise members for axially
moving the flange elements.

Preferably, said axial movement members comprise at least one carriage
carrying one of said flange elements and movable towards the other
flange element in order to switch the shaping station between a

loading/unloading condition, in which the flange elements are mutually
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spaced according to a measure greater than an axial size of the non-
shaped carcass sleeve, coming from the carcass building line, and a work
condition, in which the flange elements are mutually spaced according to a
measure substantially corresponding to the axial size of the carcass
sleeve.

Preferably, in the loading/unloading condition, the flange elements are
mutually spaced according to a measure at least double the axial size of
the non-shaped carcass sleeve.

Preferably, each of said flange elements comprises at least one
circumferential sealing ring configured for operating against one of said
anchoring annular structures.

Preferably, said flange elements further comprise expansion members
configured for determining a radial expansion of the respective
circumferential seal rings.

Preferably, the actuator devices are housed inside at least one of said
flange elements.

Preferably, said shaping devices comprise a fluid-dynamic circuit for
introducing an operative inflation fluid inside the carcass sleeve.
Preferably, said shaping devices comprise axial movement devices,
operating on at least one of the flange elements in order to move them
axially towards each other starting from the aforesaid work condition.
Preferably, devices are provided for monitoring the radial sizes
respectively assumed by the carcass sleeve and by the forming drum in
order to prevent mutual contacts thereof during shaping.

Preferably, said monitoring devices are configured for enabling control
actions on the actuator devices and/or on the shaping devices when the
difference between the external diameter of the carcass sleeve and the
external diameter of the forming drum falls below a pre-established
threshold vailue.

Preferably, said belt structure application station is integrated in a green

tyre completion line. .
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Preferably, the belt structure application station comprises devices for
building at least one belt layer configured for winding at least one
continuous elongated reinforcement element according to axially adjacent
circumferential coils around a radially external surface of the carcass
sleeve coupled to the forming drum.

Preferably, said green tyre completion line comprises devices for obtaining
tread bands.

Preferably, the tread band obtainment devices comprise at least one
twisting unit configured for winding at least one continuous elongated
elastomeric element according to circumferential coils, axially adjacent in
mutual contact, around said belt structure.

Preferably, the forming drum has, in the second operative condition, a
curvature ratio comprised between about 0.15 and about 0.45.

Further characteristics and advantages will be clearer from the detailed
description of a preferred but not exclusive embodiment of a method, a
process and a plant for obtaining tyres, in accordance with the present
invention.

Such description will be set forth hereinbelow with reference to the
enclosed drawings, provided only as a non-limiting example, in which:

- figure 1 schematically shows a top view of a plant for building tyres
in accordance with the present invention;

- figure 2 schematically shows, in side view and in partial section, the
loading of a carcass sleeve on a shaping station,

- figure 3 schematically shows, in side view and in partial section,
the engagement of the carcass sleeve with shaping devices arranged in
the shaping station;

- figure 3a shows an enlargement of the detail indicated with “A” in
figure 3;

- figure 4 schematically shows, in side view and in partial section, the

execution of the shaping of the carcass sleeve;
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- figure 5 shows the application of a belt layer on the shaped carcass
sleeve coupled to a forming drum,;

- figure 6 schematically shows, in radial half-section, a tyre
obtainable in accordance with the present invention.

With reference to the abovementioned figures, reference number 1
indicates overall a plant for building tyres for vehicle wheels, arranged to
actuate a process according to the present invention.

The plant 1 is set to obtain tyres 2 (figure 8) essentially comprising at least
one carcass ply 3 preferably internally covered by an impermeable
elastomeric material layer or so-called liner 4. Two anchoring annular
structures 5, each comprising a so-called bead core 5a carrying preferably
an elastomeric filler 5b in radially extemal position, are engaged with
respective terminal flaps 3a of the carcass ply/plies 3. The anchoring
annular structures 5 are integratéd in proximity to zones normally identified
with the name of "beads” 6, at which the engagement between the tyre 2
and a respective mounting rim (not depicted) normally occurs.

A belt structure 7 is circumferentially applied around the carcass ply/plies
3, and a tread band 8 is circumferentially superimposed on the belt
structure 7. Two sidewalls 9, each extended from the corresponding bead
6 to a corresponding lateral edge of the tread band 8, are applied at
laterally opposite positions on the carcass ply/plies 3.

The plant 1 comprises a carcass building line 10 having one or more
building stations 11 where the obtainment of a carcass sleeve 12 having
substantially cylindrical shape is executed, for example according to
known modes. The carcass sleeve 12 comprises said at least one carcass
ply 3, preferably internally covered by the liner 4, and having the
respective end flaps 3a engaged, e.g. by turning up, with the respective
anchoring annular structures 5. If necessary, the carcass sleeve 12 can
also comprise the sidewalls 9 or first portions thereof, each extended

starting from a respective bead 6.
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The carcass building line 10 belongs to a shaping station 13 comprising
devices 14 for engaging the carcass sleeve 12 and shaping devices 15,
upon whose action the carcass sleeve 12 is shaped according to a toroidal
configuration.

The engagement devices 14 for example comprise a first flange element
16a and a second flange element 16b, coaxially facing each other and
having respective circumferential engagement seats 17a, 17b, by means
of which they are each operatively engageable at one of the anchoring
annular structures 5 respectively carried by the axially opposite ends of the
carcass sleeve 12.

The engagement devices 14 can also comprise axial movement members
18 for the flange elements 16a, 16b. More in detail, it can be provided that
at least one of the flange elements 16a, 16b, e.g. the first flange element
164, is carried by a carriage 19 movable along one or more linear guides
20, parallel to a geometric axis X-X of mutual alignment between the
flange elements 16a, 16b and preferably integral with respect to a fixed
base 21, carrying the second flange element 16b. The movement of the
carriage 19 along the linear guides 20 determines the switching of the
shaping station 13 between a loading/unloading condition and a work
condition. In the loading/unioading condition (figure 2), the first flange
element 16a is spaced from the second flange element 16b according to a
greater measure, approximately at least double, with respect to an axial
size of the non-shaped carcass sleeve 12, coming from the carcass
building line 10. In the work condition, the flange elements 16a, 16b, and
more precisely the respective circumferential engagement seats 17a, 17b
thereof, are mutually spaced according io a measure substantially
corresponding to the axial size of the carcass sleeve 12.

The shaping devices 15 can for example comprise a fluid-dynamic circuit
(not shown) for introducing pressurised air or another operative inflation

fluid between the flange elements 16a, 16b, inside the carcass sleeve 12.
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The shaping devices 15 can also comprise one or more linear actuators or
other axial movement devices 22, operating on one or preferably both the
flange elements 16a, 16b in order to move them axial towards each other
starting from the aforesaid work condition. The mutual approaching of the
flange elements 16a, 16b causes a mutual approaching of the anchoring
annular structures 5 so as to allow the shaping of the carcass sleeve 12
according to a toroidal configuration, assisted by the simultaneous
introduction of the pressurised operative fluid into the carcass sleeve 12.

In the shaping station 13, the shaped carcass sleeve 12 is coupled to a
toroidal forming drum 23, rigid and expandable, arranged inside the
carcass sleeve itself.

The forming drum 23 is expandable between a first operative condition,
radially contracted (figures 2 and 3), and a second radially expanded
operative condition (figures 4 and 5). For such purpose, it can for example
be provided that the forming drum 23 comprise a plurality of sectors 24
circumferentially distributed around a central shaft 25. The sectors 24 are
movable, preferably simultaneously with each other, from the aforesaid
first operative condition in which they are close to the central shaft 25, to
the second operative condition in which said sectors 24 are moved away
from the central shaft 25. For such purpose, it can be provided that the
sectors 24 are carried by respective telescopically extendable guide
members 26, radially exfending from the central shaft 25.

The movement of the sectors 24 can be attained by means of transmission
mechanisms 27 comprising for example conirol levers 28 that are hinged,
each at the respectively opposite ends thereof, to one of said sectors 24
and to at least one control collar 29 slidably fit along the central shaft 25.
More particularly, a pair of control collars 29 are preferably provided,
situated along the central shaft 25 in axially opposite positions with respect
to the sectors 24, each engaging the respective control levers 28.

Each conirol collar 29 is operatively connected to a threaded bar 30,

rotatably engaged coaxially inside the central shaft 25. The threaded bar
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30 is extended along the central shaft 25, nearly for the entire length
thereof or beyond, and carries two axially opposite threads 30a, 30b,
respectively clockwise and anticlockwise. Operatively engaged on the
threads 30a, 30b are respective nut screws 31, axially movable inside the
central shaft 25 and each connected to one of the control collars 29, e.g.
by means of at least one block 32 radially traversing the central shaft 25 at
a longitudinal slit 33.

The rotation of the threaded bar 30 in the central shaft 25, actuatable by
means of a rotary driving device 34 or actuator devices of another type
operating in the shaping station 13, causes an axial movement of the nut
screws 31 and the control collars 29, to which a radial movement of the
sectors 24 corresponds, towards the first or the second operative condition
in accordance with the rotation sense of the threaded bar 30.

in the second operative condition, the set of sectors 24 of the forming
drum 23 defines, along the circumferential extension thereof, a radially
external toroidal surface “S”, not necessarily continuous, shaped according
to the internal configuration that a part of the carcass sleeve 12 must
assume upon completed shaping. More in detail, it can advantageously be
provided that the forming drum 23 in the second operative condition has é
curvature ratio comprised between about 0.15 and about 0.45, typically
adapted for obtaining tyres for motorcycles or other two-wheel vehicles. If
necessary, however, curvature ratios can be employed of values lower
than those indicated above, for example adapted for producing tyres for
cars or trucks.

Preferably, the forming drum 23 is positioned in the shaping station 13
before the respective carcass sleeve 12, for example still being processed
along the carcass building line 10, reaches the shaping station 13 itself.
More particularly, it is preferably provided that the forming drum 23 is
projectingly supported in the shaping station 13. For example, a first end
25a of the central shaft 25 of the forming drum 23 can for such purpose be

retained by a mandrel 35 coaxially housed in the first flange element 16a
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and provided with a rotary driving device 34 couplable with the threaded
bar 30 in order to drive it in rotation.

The forming drum 23 can therefore be arranged in the first operative
condition by means of said rotary driving device 34, if it is not already in
such condition upon reaching the shaping station 13.

By means of carcass loading devices 36, the carcass sleeve 12 coming
from the carcass building line 10 is then transferred into the shaping
station 13 in order to be coaxially arranged at a radially external position
around the forming drum 23 arranged in the first radially contracted
operative condition.

The carcass loading devices 36 can for example comprise a carcass
handling device 37 preferably operating on an external surface of the
carcass sleeve 12. With a radial translation movement (with respect to the
forming drum 23), the carcass sleeve 12 is first inserted, in axial alignment
relation with the forming drum 23, between the flange elements 16a, 16b
arranged in the loading/unloading condition (figure 2). The carcass sleeve
12 is subsequently arranged around the forming drum 23, preferably
following an axial translation movement of the forming drum itself. More
particularly, with a movement of the carriage 19 along the linear guides 20,
the forming drum 23 is coaxially inserted in the carcass sleeve 12,
Preferably, the translation of the carriage 19 and the forming drum 23
terminates with the engagement of a second end 25b of the central shaft
25 with a tailstock 38, situated inside the second flange element 16b
(dashed line in figure 2).

For the axial movement of the forming drum 23 with respect to the carcass
sleeve 12 to occur without mutual mechanical interferences, it is preferably
provided that in the first operative condition, the forming drum 23 has a
maximum external diameter smaller than a minimum internal diameter of
the carcass sleeve 12, typically detectable at the beads 6.

At the end of the axial movement, each of the anchoring annuiar

structures 5 integrated in the beads 6 is situated in axially internal position
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with respect to the circumferential engagement seat 17a, 17b of the
respective first and second flange element 16a, 16b.

Upon action of the axial movement devices 22, the flange elemenis 16a,
16b then carry the respective engagement seats 17a, 17b substantially in
radial alignment relation inside the anchoring annular structures 5.

EFach of said flange elements 16a, 16b comprises expansion members
(not depicted) configured for determining a radial expansion of respective
circumferential seal rings 39a, 39b integrating the circumferential
engagement seats 17a, 17b. Following such radial expansion, each of the
circumferential seal rings 39a, 39b is brought to act in thrust relation
against one of the anchoring annular structures 5. The carcass sleeve 12
is thus stably constrained to the flange elements 16a, 16b. Upon
completed engagement, the carcass handling device 37 can disengage
the carcass sleeve 12 and be removed from the shaping station 13.

During shaping, when the carcass sleeve 12 starts to radially expand, the
radial expansion of the shaping drum can be controlled by means of
rotation of the threaded bar 30 upon action of the rotary driving device 34.
The shaping of the carcass sleeve 12 is executed without contact between
the latter and the forming drum 23, at least until the forming drum 23 itself
has reached the maximum radial expansion, upon attaining its second
operative condition.

For such purpose, it can be provided to use monitoring devices 40a, 40b
that cyclically or continuously verify the diameter size respectively
assumed by the carcass sleeve 12 and by the forming drum 23, to prevent
mutual contacts thereof during the shaping step. In response to such
monitoring actions, when the difference between the external diameter of
the carcass sleeve 12 and the external diameter of the forming drum 23,
for example at an axial middle line plane “E” perpendicular to the
geometric axis X-X and equidistant from the flange elements 16a, 16b
and/or from the anchoring annular structures 5, falls below a pre-

established threshold value, the monitoring devices 40a, 40b enable
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control actions on the rotary driving device 34 and/or on the shaping
devices 15, such that the external surface of the toroidal forming drum 23
remains spaced from the carcass sleeve 12 during the expansion of the
forming drum 23, at least until the second radially expanded operative
condition of the forming drum 23 has been reached.

By way of example, the monitoring devices 40a, 40b can comprise at least
one first optical sensor 40a positioned outside the carcass sleeve 12 in
order to detect the external diameter thereof in proximity to the axial
middle line plane “E”, and at least one transducer 40b positioned inside
one of the flange elements 16a, 16b and/or coupled to the rotary driving
device 34 in order to detect the axial position assumed by at least one of
the control collars 29 and/or the extent of the angular rotation completed
by the threaded bar 30, so as fo allow an electronic processing unit to
calculate the value of the external diameter assumed by the forming drum
23.

Upon reaching a predetermined maximum value of the diameter size of
the carcass sleeve 12, the action of the shaping devices is interrupted and
the completion of the radial expansion of the forming drum 23 is enabled,
bringing it to reach the second operative condition.

Then, the coupling is enabled between the carcass sleeve 12 and forming
drum 23. Such coupling is verified by carrying an internal surface of the
carcass sleeve 12 in contact relation against the radially external toroidal
surface “S” of the forming drum 23.

it is preferably provided that at the end of the shaping, the internal surface
of the carcass sleeve 12 reaches a maximum diameter “D2” greater than
the maximum diameter “D1” reached by the external surface of the forming
drum 23 in the second operative condition. The coupling can therefore be
actuated following a slight radial contraction of the carcass sleeve 12, for
example obtained due to an elastic contraction of the same following the

evacuation of the operative fluid previously introduced during shaping.
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In order to facilitate an expansion of the carcass sleeve 12 beyond the
maximum diameter reached by the forming drum 23 in the second
operative condition, it can be provided that in the final steps of
approaching the maximum radial expansion condition of the carcass
sleeve 12, the flange elements 16a, 16b are axially inserted in radially
internal position with respect to the sectors 24 of the forming drum 23,
which is about to reach the second operative condition.

The attainment of a coupling by means of radial contraction of the carcass
sleeve 12 facilitates a uniform contact and in the absence of friction
between the internal surface of the carcass sleeve 12 and the forming

drum 23, preserving the structural integrity of the carcass sleeve 12

- without inducing density variations in the distribution of the cords that

constitute the carcass ply or plies, and/or other structural distortions.

Upon completed coupling, the flange elements 16a, 16b disengage the
carcass sleeve 12, leaving it on the forming drum 23.

Carcass sleeve 12 and forming drum 23 in mutual coupling relation are
adapted to be subjected to the action of at least one device 41 for building
at least one belt layer at a radially external position relative to the shaped
carcass sleeve 12. Such device 41 is preferably installed in a belt structure
application station 42 that is remote relative to said shaping station 13.

In order to allow the transfer of the forming drum 23 to the belt structure
application station 42, it is provided that the forming drum 23 carrying the
carcass sleeve 12 be supported by the mandrel 35 operating at the first
end 25a of the central shaft 25, while the tailstock 38 disengages from the
second end 25b of the central shaft 25 itself. With a retreating of the first
flange element 16a, the shaping station 13 is brought back into the
loading/unloading condition, freeing the access to a first anthropomorphic
robotic arm 43 or other suitable fransfer devices, which in turn engages
the forming drum 23 at the second end 25b of the central shaft 25.

The first robotic arm 43 transfers the forming drum 23 from the shaping

station 13 to the belt structure application station 42. The first robotic arm
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43 also suitably moves the forming drum 23 in front of the device 41 for
building the belt layer, which can for example comprise a dispenser that
feeds at least one rubber-covered cord or other continuous elongated
reinforcement element made of textile or metallic material. A belt layer 7a
is therefore obtained by winding said continuous elongated reinforcement
element according to axially adjacent circumferential coils 44 around the
radially external surface “S” of the carcass sleeve 12 coupled to the
expanded toroidal forming drum 23, while the latter is driven in rotation
and suitably moved by the first robotic arm 43.

The rigidity of the forming drum 23 ensures a stable positioning of the
single circumferential coils 44 formed directly on the external surface of
the shaped carcass sleeve 12, without undesired deformations of the
carcass sleeve 12 occurring due to the stresses transmitted on its external
surface during application. The stickiness of the green elastomeric
material that constitutes the carcass ply or plies 3 prevents undesired
spontaneous and/or non-controlled movements of the single
circumferential coils 44, without having to arrange for this purpose
additional intermediate layers between the belt layer 7a in manufacturing
step and the underlying application surface. In other words, a precise
positioning is facilitated of the single circumferential coils 44 of the belt
layer 7a, directly formed according to the desired final profile of the
carcass sleeve 12 upon completed shaping, even when such profile has
an accentuated transverse curvature as is for example found in tyres
intended for motorcycles or two-wheel vehicles.

The belt structure application station 42 can if necessary comprise building
devices 45 of one or more auxiliary layers 7b, to be applied on the shaped
carcass sleeve 12 before or after the application of said at least one belt
layer 7a. In particular, such auxiliary layers 7b can comprise textile or
metallic parallel cords, arranged according to an orientation that is tilted

with respect to the circumferential extension direction of the carcass
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sleeve 12, respectively crossed between auxiliary layers 7b adjacent to
each other.

The transfer of the forming drum 23 between the auxiliary layer building
devices 45 and the belt layer building device 41 can be assigned to the
same first robotic arm 43, or to a second anthropomorphic robotic arm or
handling device of another type.

The forming drum 23 is then transferred from the belt structure application
station 42 to devices for obtaining tread bands 47, preferably constituting
part of a green tyre completion line integrating the belt structure
application station 42.

The tread band obtainment devices 47 can for example comprise at least
one twisting unit configured for winding at least one continuous elongated
elastomeric element according to circumferential coils, axially adjacent in
mutual contact, at a radially external position around the belt structure 7,
while the forming drum 23 is driven in rotation and suitably moved for
distributing the circumferential coils according to a predefined scheme.
The plant 1 can finally comprise sidewall obtainment devices (not shown)
against axially opposite lateral portions of the carcass sleeve 12.

The built green tyre 2 is adapted to be removed from the forming drum 23

in order to be vulcanised in a vulcanisation unit 52.
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CLAIMS

1. Process for building tyres comprising:

arranging a carcass sleeve (12) comprising at least one carcass ply
and a pair of anchoring annular structures (5);

arranging a toroidal forming drum (23) in a first radially contracted
operative condition;

positioning said carcass sleeve (12) at a radially external position
relative 1o said forming drum (23);

toroidally shaping said carcass sleeve (12) while said forming drum
(23) is positioned inside the carcass sleeve (12),

expanding said forming drum (23) up to a second radially expanded
operative condition;

coupling the toroidally shaped carcass sleeve (12) to the forming
drum (23) in said second operative condition;

arranging said forming drum (23), coupled to said carcass sleeve
(12}, in proximity to at least one device (41) for building at least one belt
layer (7a) at a radially external position relative to said carcass sleeve
(12).

2. Process as claimed in claim 1, wherein the carcass sleeve (12) is
obtained in at least one building station and subsequently transferred to a
shaping station (13).

3. Process as claimed in claim 2, wherein the carcass sleeve (12) is
fit coaxially around the forming drum (23) arranged in the shaping station
(13).

4. Process as claimed in one or more of the preceding claims,
wherein the carcass sleeve (12) is first moved with a radial translation
movement relative to the forming drum (23) until it is in a relation of
substantial axial alignment therewith, and subsequently fit around the
latter with an axial translation movement.

5. Process as claimed in one or more of the preceding claims,

wherein the external surface of the forming drum (23) remains spaced
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(23), at least until the second radially expanded operative condition is
reached.

6. Process as claimed in one or more of the preceding claims,
wherein the shaping of the carcass sleeve (12) occurs by means of
introduction of an operative inflation fluid inside the carcass sleeve (12).

7. Process as claimed in one or more of the preceding claims,
wherein at least one diameter size of the carcass sleeve (12) is monitored
during shaping.

8. Process as claimed in one or more of the preceding claims,
wherein at least one diameter size of the forming drum (23) is monitored
during shaping.

9. Process as claimed in one or more of the preceding claims,
wherein the shaping of the carcass sleeve (12) is interrupted upon
reaching a predetermined maximum value of said diameter size of the
carcass sleeve (12).

10. Process as claimed in one or more of the preceding claims,
wherein a radial expansion of the forming drum (23) up to the second
operative condition is enabled upon reaching a predetermined value of
said diameter size of the carcass sleeve (12).

11. Process as claimed in one or more of the preceding claims,
wherein said device (41) for building at least one belt layer (7a) is installed
in a belt structure application station (42), remote relative to said shaping
station (13).

12. Process as claimed in one or more of the preceding claims,
wherein said at least one belt fayer (7a) is obtained by winding at least one
continuous elongated reinforcement element according to axially adjacent
circumferential coils (44), around a radially external surface (“S”) of the

carcass sleeve (12) coupled to the forming drum (23).
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13. Process as claimed in one or more of the preceding claims,
wherein a tread band (8) is formed at a radially external position around
said at least one belt layer (7a) made on the carcass sleeve (12).

14. Process as claimed in claim 13, wherein the tread band (8) is
obtained by winding at least one continuous elongated element made of
elastomeric material according fo consecutively adjacent circumferential
coils {(44), around a radially external surface (“S”) of said at least one belt
layer (7a).

15. Process as claimed in one or more of the preceding claims,
wherein the carcass sleeve (12) coupled to said at least one belt {ayer (7a)
has a curvature ratio comprised between about 0.15 and about 0.45.

16. Method for building tyres comprising:
building a carcass sleeve (12) and a crown structure of each tyre in
sequence relative to each other;
wherein said carcass sleeve (12) is toroidally shaped and subsequently
coupled to an expandable foroidal forming drum (23);
wherein the crown structure is built on the radially external surface (S) of
said carcass sleeve (12) toroidally shaped and associated with said
expanded toroidal forming drum (23).

17. Method as claimed in claim 16, wherein the carcass sleeve (12)
is. coupled in contact relation against an external surface of the forming
drum (23).

18. Method as claimed in one or more of the claims 16 and 17,
wherein the carcass sleeve (12} is axially centred with respect to the
forming drum (23) before being toroidally shaped.

19. Method as claimed in one or more of the claims from 186 to 18,
wherein at least one part of the expansion of the forming drum (23) is
actuated simultaneously with at least one part of the shaping of the
carcass sleeve (12).

20. Method as claimed in one or more of the claims from 16 to 19,

wherein at the end of shaping, an internal surface of the carcass sleeve
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(12) reaches a maximum diameter (D2) greater than the maximum
diameter {D1) reached by the external surface of the expanded forming
drum (23).

21. Method as claimed in one or more of the claims from 16 to 20,
wherein the external surface of the forming drum (23) is coupled against
an internal surface of the carcass sleeve (12) following a contraction of the
shaped carcass sleeve (12).

22. Method as claimed in one or more of the claims from 16 to 21,
wherein control actions are carried out on the shaping of the carcass
sleeve (12) and/or on the expansion of the ferming drum (23) to prevent
mutual contacts during shaping.

23. Plant for building tyres, comprising:

a shaping station (13) comprising devices (14) for engaging a
carcass sleeve (12);

shaping devices (15) operating in the shaping station (13) for
shaping the carcass sleeve (12) according to a toroidal configuration;

an expandable toroidal forming drum (23) engageable in the
shaping station (13) at a radially internal positicn relative to the carcass
sleeve (12);

actuator devices (34) operating in the shaping station (13) for
radially expanding the forming drum (23) inside the carcass sleeve (12);

at least one belt structure application station (42);

transfer devices (43) configured for transferring the forming drum
(23) carrying said toroidally shaped carcass sleeve (12) from the shaping
station (13) to said at least one belt structure application station (42).

24, Plant as claimed in claim 23, further comprising:

a carcass building line (10);

carcass loading devices (36) configured for transferring the carcass

sleeve (12) from the carcass building line (10) to the shaping station (13).
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25. Plant as claimed in claim 24, wherein said carcass loading
devices (36) comprise a carcass handling device (37) operating on a
radially external surface (“S”) of the carcass sleeve (12).

26. Plant as claimed in one or more of the claims from 23 to 25,
wherein the forming drum (23) in a first radially contracted operative
condition has a maximum external diameter smaller than a minimum
internal diameter of the carcass sleeve (12).

27. Plant as claimed in one or more of the claims from 23 to 26,
wherein the forming drum (23) comprises a central shaft (25) and a
plurality of sectors (24) circumferentially distributed around the central
shaft (25) and movable from a first operative condition, wherein said
sectors (24) are close to the central shaft (25), to a second operative
condition wherein said sectors (24) are moved away from the central shaft
(25).

28. Piant as claimed in claim 27, wherein each sector (24) has an
external surface shaped according to an internal surface configuration to
be given to the shaped carcass sleeve (12).

29. Plant as claimed in claim 27 or 28, wherein the sectors (24) are
carried by respective telescopically extendable guide members (286),
radially extending from the central shaft (25).

30. Plant as claimed in one or more of the claims from 27 to 29,
wherein the forming drum (23) comprises transmission mechanisms (27}
operatively engageable by said actuator devices (34) and configured for
simultaneously translating the sectors (24) from the first operative
condition to the second operative condition.

31. Plant as claimed in claim 30, wherein said transmission
mechanisms (27) comprise control levers (28), each hinged to one of said
sectors (24) and to at least one control collar {29) slidably fit along the
central shaft (25).
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32. Plant as claimed in claim 31, wherein the control collar (29) is
operatively connected to a threaded bar (30) rotatably engaged in the
central shaft (25).

33. Plant as claimed in claim 32, wherein the actuator devices (34)
comprise a rotary driving device (34) operatively engageable with the
threaded bar (30) at a first end (25a) of the central shaft (25).

34. Plant as claimed in one or more of the claims from 23 to 33,
wherein said engagement devices (14) comprise a pair of flange elements
(16a, 16b) coaxially facing each other and operatively engageable with
respective anchoring annular structures (5) carried by respective axially
opposite ends of the carcass sleeve (12).

35. Plant as claimed in claim 34, wherein said engagement devices
(14) comprise axial movement members for the flange elements (164,
16h). |

36. Plant as claimed in claim 35, wherein said axial movement
members comprise at least one carriage (19) carrying one of said flange
elements (16a, 16b) and movable towards the other flange element in
order to switch the shaping station (13) between a loading/unloading
condition, in which the flange elements (16a, 16b) are mutually spaced
according to a measure greater than an axial size of the non-shaped
carcass sleeve (12), coming from the carcass building line (10), and a
work condition, in which the flange elements (16a, 16b) are mutually
spaced according to a measure substantially corresponding to the axial
size of the carcass sleeve (12).

37. Plant as claimed in claim 36, wherein in the loading/unloading
condition, the flange elements (16a, 16b) are mutually spaced according
to a measure at least double the axial size of the non-shaped carcass
sleeve (12).

38. Plant as claimed in one or more of the claims from 34 to 37,

wherein each of said flange elements (16a, 16b) comprises at least one
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of said anchoring annular structures (5).

39. Plant as claimed in claim 38, wherein said flange elements
(16a, 16b) further comprise expansion members configured for
determining a radial expansion of the respective circumferential sealing
rings (39a, 39b).

40. Plant as claimed in one or more of the claims from 34 to 39,
wherein the actuator devices (34) are housed inside at least one of said
flange elements (16a, 16b).

41. Plant as claimed in one or more of the claims from 23 to 40,
further comprising devices (40a, 40b) for monitoring the radial sizes
respectively assumed by the carcass sleeve (12) and by the forming drum
(23), to prevent mutual contacts thereof during shaping.

42. Plant as claimed in claim 41, wherein said monitoring devices
(40a, 40b) are configured for enabling control actions on the actuator
devices (34) and/or on the shaping devices (15) when the difference
between the external diameter of the carcass sleeve (12) and the external
diameter of the forming drum (23) falls below a pre-established threshold
value.

43. Plant as claimed in oné or more of the claims from 27 to 42,
when dependent on claim 27, wherein the forming drum (23) has, in the
second operative condition, a curvature ratio comprised between about
0.15 and about 0.45.
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