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Abstract:

The invention relates to a method and a splicer for splicing a leading end and a trailing end of a tire
component together, wherein the method comprises the steps of; a) splicing the leading end and the
trailing end together along a splice path extending across the tire 5 component, in a splice direction
from a first side of the tire component towards a second side of the tire component opposite to the
first side; and b) prior to the splicing, forming a preliminary joint between the leading end and the
trailing end at a 10 preparatory splice position along the splice path that is closer to the second side
than the first side.
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Method and splicer for splicing a leading end and a trailing

end of a tire component

BACKGROUND

The invention relates to a method and a splicer for
splicing a leading end and a trailing end of a tire component,
in particular an apex or filler strip, together.

Conventionally, the leading end and the trailing
end of an apex are spliced in an overlapping configuration
using a splicer having a relatively large splice roller, i.e.
a roller with a radius larger than the width of the apex.
However, the relatively large splice roller is unable to
reliably splice the apex, 1in particular in the thin top
portion thereof.

To solve the aforementioned prcblem, it is known
to alternatively provide the splicer with a relatively small
splice roller that can closely follow the contour of the apex
during the splicing. The relatively small splice roller has
the additional advantage that it can exert a relatively high

pressure force onto the surface of the apex.

SUMMARY OF THE INVENTION

A disadvantage of the known small splice roller
compared to the relatively large splice roller is that the
rubber material of the apex tends to bulge or wave ahead of
the small splice roller, which may adversely affect the
consistency of the splicing. In particular, the leading end

and the trailing end may shift slightly with respect to each
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other and/or the splice may not be closed entirely as a result
of the bulging or waving. The leading end and the trailing
end may thus remain split or may be forced away from each
other even further as the small splice roller passes by.

It is an object of the present invention to provide
a method and a splicer for splicing a leading end and a
trailing end of a tire component, in particular an apex or
filler strip, together, wherein the quality and/or
consistency of the splice can be improved.

According to a first aspect, the invention
provides a method for splicing a leading end and a trailing
end of a tire component together, wherein the method comprises
the steps of:

a) splicing the leading end and the trailing end
together along a splice path extending across the tire
component, in a splice direction from a first side of the
tire component towards a second side of the tire component
opposite to the first side; and

b) prior to the splicing, forming a preliminary
joint between the leading end and the trailing end at a
preparatory splice position along the splice path:

wherein the preparatory splice position is spaced
apart from the first side.

The preliminary joint between the leading end and
the trailing end at the preparatory splice position can
prevent that the leading end and the trailing end split
towards the second side of the tire component as a result of
any waving or bulging during the subsequent splicing in step
a) . Hence, a closed splice can be obtained, even when exerting
a relatively high pressure force onto the tire component
during step a) with a relatively small first splice member.
A higher pressure force can result in a more consistent, more
reliable and/or higher quality splice. Moreover, a relatively
small first splice member can follow the contour of the tire
component more accurately.

In a preferred embodiment, the preparatory splice

position is closcr to the sccond side than the first side.
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The preparatory splice position 1is preferably located as
close as possible to or at the second side to prevent further
splitting of the leading end and the trailing end downstream
of said preparatory splice position in the splice direction.

Preferably, the leading end and the trailing end
are spliced between the first side and the preparatory splice
position by the splicing of step a) only. Hence, there is no
splicing 1in the area between the first side and the
preparatory splice position other than the splicing of step
a) in the splice direction. The leading end and the trailing
end have not vyvet been exposed to the waving or bulging that
occurs during step a). The preliminary Jjoint can thus still
be formed reliably and/or without losing dimensional accuracy
prior to the splicing in step a).

In a further embodiment the splicing of step a) is
prerformed continuously from the first side up to the second
side. Hence, the splice can be as consistent as possible.

In another embodiment the leading end and the
trailing end are pressed in step b) in a pressing direction
transverse or perpendicular to the splice direction and/or
normal to a surface of the tire component that 1is being
pressed. The pressing causes the material of the tire
component at the leading end and the trailing end to adhere
and form the preliminary joint. The pressing of step b) occurs
in a direction different from the splice direction, to allow
for a local pressing of the leading end and the trailing end
at the preparatory splice position only, without interfering
with the area of the tire component between the first side
and the preparatory splice position.

In one particular embodiment the tire component is
an apex. An apex 1is spliced into an annular shape when
combining the apex with a bead, i.e. on a bead-apex drum.

In particular, the apex has a triangular cross
section with a base and a tip, wherein the first side is the
tip and the second side 1s the Dbase. The apex has a
considerably larger volume or mass at the base, which is

thercefore most 1likely to split during splicing with a
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relatively high pressure force. Hence, by pressing the
leading end and the trailing end in step b) at or near the
base, splitting of said leading end and said trailing end
during the subsequent splicing from the tip towards the base
in step a) can be effectively prevented.

Alternatively, the first side is the base and the
second side is the tip. In that case, the tip can be prepared
in step b) for the relatively high pressure force exerted
onto the apex during the splicing of step a) from the base
towards the tip.

In another embodiment a first splice member is used
for the splicing in step a) and a second splice member 1is
used for the forming of the preliminary Jjoint in step b). By
having two splice members instead of a single splice member,
step a) can be performed shortly or directly after step b).
Moreover, each splice member can be optimized for its
particular function. For example, the type, shape or
dimensions of the splice members may be different.

In a preferred embodiment thereof the first splice
member trails the second splice member in the splice
direction. Hence, the first splice member can already be in
position behind the second splice member to perform the
splicing of step a) when the forming of the preliminary joint
of step b) has been completed.

In a further embodiment the first splice member is
a first splice roller that is rotatable about a first roller
axis, wherein the splicing in step a) is achieved by rolling
the first splice roller along the splice path in the splice
direction. The first splice roller can uniformly splice the
leading end and the trailing end together by rolling along
the splice path while exerting a pressure force onto the tire
component.

Preferably, the first splice member is moved along
the splice path as part of a rocking motion about a rocking
axis. The rocking motion is a relatively simple and easily
controllable motion. It does not require complex multi-axis

manipulator or an XY-drivec systcm. Morcover, when the radius
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of the rocking motion is large enough, 1t can approximate a
linear movement.

More preferably, the first splice member and the
second splice member are moved together in the rocking motion
about the rocking axis. Consequently, there is no need for
individual holders or drives. Instead, the first splice
member and the second splice member can be mounted on a common
holder moving together or in unison. The first splice member
may conveniently trail the second splice member in the splice
direction to perform the splicing in step b) shortly or
directly after the forming of the preliminary joint in step
b) has been completed. Step b) can be followed by step a) in
a single movement.

In a further embodiment the second splice member
comprises at least one second splice roller, wherein the
method further comprises the step of rolling the at least one
second splice roller along the splice path in the splice
direction away from the preparatory splice position after the
forming of the preliminary joint in step b). In this manner,
the second splice roller can prepare the leading end and the
trailing end for the splicing in step a) not only in the
preparatory splice position, but also in the area of the tire
component between the preparatory splice position and the
second side. Hence, 1t can be prevented that, when the
preparatory splice position is spaced apart from the second
side, the leading end and the trailing end are split
downstream of the preparatory splice position in the splice
direction. Moreover, the second splice roller can roll away
from the preparatory splice position in the same way as and/or
in single movement with the first splice roller approaching
the preparatory splice position.

In an alternative embodiment the second splice
member comprises a non-circular pressing member, wherein the
pressing in step b) is achieved by pressing the non-circular
pressing member onto the leading end and the trailing end at
the preparatory splice position. The non-circular pressing

mcmber is not configurcd to roll over the tirce componcnt in
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the splice direction. Instead, it can be moved towards and
away from the tire component to complete the pressing in step
D).

In a further alternative embodiment the first
splice member and the second splice member are independently
movable relative to each other. Hence, the individual
movements can be optimized for the respective steps to be
performed by said splice members in terms of timing, speed,
forces and/or interference between the steps.

Tn another embodiment the Tleading end and the
trailing end are supported on a splice support extending at
a support height, wherein the second splice member is movable
in a pressing direction transverse or perpendicular to the
splice direction towards said splice support up to a floating
height short of said support height. In this way, it can be
prevented that the second splice member excessively deforms
the tire component, for example when the tire component is
an apex and the second splice members rolls of the base at
the second side of the apex. In other words, by limiting the
movement or the stroke of the second splice member at the
floating height, the second splice member remains floating
above the splice support without excessively compressing or
deflecting the material of the tire component.

Preferably, the floating height is adjustable,
wherein the floating height is set prior to the forming of
the preliminary Jjoint of step b). The floating height can
thus be set depending on the characteristics, i.e. the shape
and/or dimensions, of the tire component to be pressed.

In another embodiment the leading end and the
trailing end are pressed 1in step b) with a pressing force
that is variable, wherein the pressing force is varied during
or set prior to the pressing of step b). The pressure force
can thus be set depending on the characteristics, i.e. the
compound or the recipe, of the tire component to be pressed.

In another embodiment the leading end and the
trailing end are spliced in step a) with a splice force that

is variablc, whcrcin the splicc force is varicd during or sct
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prior to the splicing of step a). The splice force can for
example be varied depending on the shape and/or
characteristics of the tire component, to obtain a uniform
and/or reliable splice.

According to a second aspect, the invention
provides a splicer for splicing a leading end and a trailing
end of a tire component together, in particular an apex,
wherein the splicer comprises a first splice member for
splicing the leading end and the trailing end together along
a splice path extending across the tire component, in a splice
direction from a first side of the tire component towards a
second side of the tire component opposite to the first side,
wherein the splicer further comprises a second splice member
for forming a preliminary joint between the leading end and
the trailing end at a preparatory splice position along the
splice path, wherein the preparatory splice position is
spaced apart from the first side.

The splicer can be used to perform step b) and step
a) of the aforementioned method, and consequently has the
same technical advantages, which will not be repeated
hereafter.

In one embodiment of the splicer the first splice
member trails the second splice member 1in the splice
direction.

In a further embodiment of the splicer the first
splice member is a first splice roller that is rotatable about
a first roller axis.

Alternatively, the first splice member comprises a
circular segment that is rotatable about a swivel axis. The
circular segment can be rocked Dback-and-forth along the
splice path along at least a part of its circumference.

In a further embodiment the splicer comprises a
base and a holder that is rotatable relative to said base in
a rocking motion about a rocking axis, wherein the first
splice member is mounted tc said holder and movable together
with said holder in the rocking motion about the rocking axis.

Prcfcrably, the sccond splicce mcember is mountced to
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the holder and movable together with the first splice member
in the rocking motion about the rocking axis.

Additionally or alternatively, the splicer
comprises a rocking drive for driving the rotation of the
holder about the rocking axis.

In another embodiment the splicer comprises a
pressing drive for biasing the first splice member and/or the
second splice member in a pressing direction transverse or
perpendicular to the splice direction and/or normal to a
surface of the tire component that is being pressed, towards
the tire component. As a result of the biasing, the first
splice member and/or the second splice member can exert a
congistent and/or uniform pressing force onto the tire
component during the splicing and/or the pressing.
Furthermore, the biasing can improve the ability of the first
splice member and/or the second splice member to follow a
substantially linear path, 1i.e. parallel to the splice
direction, while the aforementioned holder is being rotated
about the rocking axis. In particular, the biasing can
introduce a radial component to the otherwise rotary
movement.

Preferably, the pressing drive 1s a pneumatic
cylinder. The pneumatic c¢ylinder can be pressurized to
adaptively bias the first splice member and/or the second
splice member in response to the shape and/or dimensions of
the tire component.

In another embodiment of the splicer the second
splice member comprises a second splice roller that is
rotatable about a second roller axis.

Alternatively, the second splice member comprises
two or more second splice rollers that are rotatable about
mutually parallel and spaced apart second roller axes. The
two or more second splice rollers can be even smaller than
the aforementioned (single) second splice roller to exert an
even higher local pressing force onto the tire component.
Moreover, pressing the tTire component in two spaced apart

positions, thc most upstrcam position becing thc prcecparatory
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splice position, can improve the reliability of the
preliminary joint(s) formed by said two or more second splice
rollers.

Additionally or alternatively, the first splice
member comprises two or more first splice rollers that are
rotatable about mutually parallel and spaced apart first
roller axes. The two or more first splice rollers can be even
smaller than the aforementioned single second splice roller,
or have the same size as the aforementioned set of two second
splice rollers, tao exert a relatively high local splicing
force onto the tire component along the splice path. Because
of the preliminary Joint, splitting of the leading end and
the trailing end ahead of the two or more first splice rollers
can be prevented.

In a further alternative embodiment the second
splice member comprises a non-circular pressing member.

In another embodiment of the splicer the first
splice member and the second splice member are independently
movable relative to each other.

Preferably, the splicer comprises a first drive for
moving the first splice member and a second drive for moving
the second splice member. The first drive and the second drive
can be controlled independently.

In a further embodiment the splicer comprises one
or more drives for driving the first splice member and the
second splice member and a control unit that is operationally
connected to the one or more drives, wherein the control unit
is configured for controlling the one or more drives to
perform the following steps:

a) moving the first splice member along the splice
path in the splice direction for splicing the leading end and
the trailing end together along said splice path; and

b) prior to the movement in step a), moving the
second splice member to the preparatory splice position for
forming a preliminary joint between the leading end and the
trailing end at said preparatory splice position.

Hence, in addition to thce aforcmentioned splicer
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being suitable for performing the steps of the aforementioned
method, 1in this embodiment it is actually configured, i.e.
specifically adapted or programmed, to perform the steps.

It will be appreciated by one skilled in the art
that the two steps of the method can also be performed with
a single splice member moving first into the preparatory
splice position and subsequently moving 1in the splice
direction along the splice path. Although this may cause a
slight delay in between the steps, such a variation is also
considered within the scope of the present invention. Such
an alternative splicer is not characterized by having two
splicer members. Instead, it is being characterized by having
a control unit programmed to control a single splice member
in a particular manner.

In particular, the invention provides, according
to a third aspect, a splicer for splicing a leading end and
a trailing end of a tire component, in particular an apex,
together, wherein the splicer comprises a splice member, a
drive for moving the splice member and a control unit that
is operationally connected to the drive, wherein the control
unit is configured for controlling the drive to perform the
following steps:

a) moving the splice member along a splice path
extending across the tire component, in a splice direction
from a first side of the tire component towards a second side
of the tire component opposite to the first side for splicing
the leading end and the trailing end together along said
splice path; and

b) prior to the movement in step a), moving the
splice member to a preparatory splice position along the
splice path for forming a preliminary Jjoint between the
leading end and the trailing end at said preparatory splice
position;

wherein the preparatory splice position is spaced
apart from the first side.

The wvarious aspects and features described and

shown 1in thc spccification can bec applicd, individually,
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wherever possible. These individual aspects, 1in particular
the aspects and features described in the attached dependent
claims, can be made subject of divisional patent

applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be elucidated on the basis of
an exemplary embodiment shown 1in the attached schematic
drawings, in which:

figure 1 shows an isometric view of a tire
component with a leading end and a trailing end, a splice
support and a splicer for splicing the leading end and the
trailing end together at the splice support, according to a
first exemplary embodiment of the invention;

figures 2-5 show side views of the tire component,
the splice support and the splicer according to figure 1
during the steps of a method for splicing the leading end and
the trailing end together;

figure 6 shows a side view of a detail of the
splicer during a further step of the aforementioned method;

figure 7 shows a side view of an alternative
splicer according to a second exemplary embodiment of the
invention;

figure 8 shows a side view of a further alternative
splicer according to a third exemplary embodiment of the
invention;

figure 9 shows a side view of a further alternative
splicer according to a fourth exemplary embodiment of the
invention;

figure 10 shows a side wview of a further
alternative splicer according to a fifth exemplary embodiment
of the invention:;

figure 11 shows a side view of a further
alternative splicer according to a sixth exemplary embodiment

of thc invention;
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figure 12 shows a side view of the splicer
according to figures 2-5, 1in which the orientation of the
tire component is reversed;

figure 13 shows a side vwview of the splicer
according to figures 2-5, in which a different type of tire
component is being spliced;

figure 14 shows a front view of the tire component,
the splice support and the splicer of figure 1, with the
leading and the trailing end overlapping with said trailing
end at an obligue angle; and

figure 15 <shows a front view of a further
alternative tire component having a butt-spliced leading end
and trailing end, and a further alternative splicer according
to a seventh exemplary embodiment of the invention for

splicing said butt-spliced leading end and trailing end.

DETAILED DESCRIPTION OF THE INVENTION

Figures 1-¢ show a splicer 1 according to a first
exemplary embodiment of the invention. The splicer 1 is used
for joining, stitching or splicing a leading end LE and a
trailing end TE of a tire component 9.

In this example, the tire component 9 is an apex
9. As shown in figure 1, the apex 9 is spliced at the leading
end LE and the trailing end TE into an annular or ring shape.
In the spliced condition, the apex 9 extends 1in a
circumferential direction C. The apex 9 is typically splice
on a bead-apex drum. In figure 1-6, the a part of the bead-
apex drum 1is schematically represented by a splice support
8. The splice support 8 may be formed by a segment of the
aforementioned bead-apex drum, or it may be a dedicated splice
table. The apex 9 may be spliced in an orientation in which
the apex 9 is laying on the bead-apex drum. The apex 9 1is
subsequently be turned-up in a manner known per se.

The apex 9 has a strip body 90 that is triangular

or substantially triangular in cross scction. In particular,
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the apex 92 has a first side 91 that forms a tip 24 of the
triangular cross section and a second side 92, opposite to
the first side 91, that forms a base 93 of the triangular
cross section. The first side 91 and the second side 92 are
the longitudinal sides of the strip body 90 which extend in
the circumferential direction C when the apex 9 1is spliced.

As shown in figure 1, the splicer 1 comprises a
first splice member 2, a second splice member 3 and a holder
10 for holding the first splice member 2 and the second splice
member 3 relative to the splice support 8.

The first splice member 2 is arranged for splicing
the leading end LE and the trailing end TE together along a
splice path P extending across the tire component 9 from the
first side 91 towards the second side 92, i.e. from the tip
94 towards the base 93. The splice path P extends transverse
or perpendicular to the circumferential direction C. The
first splice member 2 is moved or driven in a splice direction
S in a splice plane Z, parallel to the gplice path P, from
the first side 91 towards the second side 92, i.e. from the
tip 94 towards the base 93, during the splicing of the leading
end LE and the trailing end TE together along the splice path
P.

In this exemplary embodiment, the first splice
member 2 is or comprises a first splice roller 20, i.e. having
a circular body, that is rotatable about a first roller axis
Al. The first splice roller 20 may have a slightly crowned
surface (not shown) to reduce or prevent imprints on the tire
component 9. Additionally or alternatively, the first splice
roller 20 may have teeth, grooves, serrations or another
suitable surface texture (not shown) to improve the Jjoining
of the leading end LE and the trailing end TE. The teeth,
grooves or serrations may be placed at an oblique angle to
the first roller axis Al to prevent or reduce air pockets
between the leading end LE and the trailing end TE during the
splicing.

The second splice member 3 is arranged for pressing

onto the lcading cnd LE and the trailing cnd TE at a
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preparatory splice position X along the splice path P. As
best seen in figure 2, the preparatory splice position X is
closer to the second side 92, i.e. the base 93, than the first
side 91, i.e. the tip 94. In other words, the preparatory
splice position X is located in a second half of the splice
path P considered in the splice direction S, and/or in the
second half of the width of the tire component 9 considered
in the splice direction S. The preparatory splice position X
may also be located at or very near to the second side 92,
for example at a highest point 95 of the base 93.

In this exemplary embodiment, the second splice
member 3 is or comprises a second splice roller 30, i.e.
having a circular body, that is rotatable about a second
roller axis A2. The second roller axis A2 1s parallel or
substantially parallel to the first roller axis Al. The second
splice roller 30, like the first splice roller 20, may have
a slightly crowned surface (not shown) to reduce or prevent
imprints on the tire component 9. The second splice roller
30 is shown having the same or substantially the same diameter
as the first splice roller 20. The diameters of the splice
rollers 20, 30 may however be different. The first splice
roller 20 may for example have a smaller diameter than the
second splice roller 30 to locally increase the pressing force
and/or splicing force at the respective splice roller 20, 30
and/or to enable a more accurate following of the contour of
the tire component 9.

The holder 10 is arranged for holding both the
first splice member 2 and the second splice member 3. In other
words, the first splice member 2 and the second splice member
3 are both mounted to the holder 10. The first splice member
2 and the second splice member 3 move together with the holder
10 and remain in the same relative position with respect to
each other. In particular, the first splice member 2 is
trailing the second splice member 3 in the splice direction
S.

The splicer 1 further comprises a frame or a base

14 that is part of thc ‘fixcd world’. Thc basc or framc may
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be placed directly or indirectly on the factory floor. The
holder 10 is mounted to and rotatable relative to said base
14 in a swivel motion or a rocking motion M about a swivel
axis or a rocking axis B. The rocking axis B extends
perpendicular to the splice plane 7. Preferably, the rocking
axis B 1s parallel or substantially parallel to the first
roller axis Al. Alternatively, the first roller axis Al may
be slightly offset with respect to the rocking axis B. As a
result, the first splice roller 20 may be at a slightly
different toe with respect to the splice path P and/or the
splice direction S, to further promote the closing of the
splice between the leading end and the trailing end during
the splicing. The splicer 1 comprises a rocking drive 15 for
driving the rotation of the holder 10 about the rocking axis
B. In this example, the rocking drive 15 is a linear drive,
such as a pneumatic cylinder, that is arranged between the
holder 10 and the base 14 at a position spaced apart from the
rocking axis B. Alternatively, the rocking drive 15 may be a
suitable rotation drive engaging onto the holder 10 directly
at or concentrically to the rocking axis B.

The rocking drive 15 may be provide with a
regulator (not shown), for example a throttle wvalve, in
particular an adjustable throttle valve, for controlling the
speed of the rotation about the rocking axis B.

The first splice member 2 and the second splice
member 3 are located at a radius from the rocking axis B that
is sufficiently 1large so that the circular trajectory
followed by said first splice member 2 and the second splice
member 3, together with the holder 10, about the rocking axis
B, within the range of the splice path P, extends over only
a few degrees about said rocking axis B. Hence, the circular
trajectory can approximate a linear trajectory.

The splicer 1 further comprises a pressing drive
16 for biasing the first splice member 2 and the second splice
member 3 in a pressing direction F transverse or perpendicular
to the splice direction S towards the tire component 9. The

prcssing dircction F cxtends in a planc radial to the rocking
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axis B and/or the splice roller axes Al, A2, 1.e. the plane
of the drawing 1in figure 2. The pressing drive 16 can
introduce a component radial or substantially radial to the
rocking axis B to the otherwise circular trajectory of the
first splice member 2 and the second splice member 3, together
with the holder 10, about the rocking axis B. Hence, the first
splice member 2 and the second splice member 3 can be pressed
tightly against tire component 2 along the splice path P,
despite said holder 10 moving along a circular trajectory
about the rocking axis B. The pressing force exerted by the
first splice member 2 and the second splice member 3 onto the
tire component 9 will act on said tire component 9 in a
direction normal to the surface of the tire component 9 being
pressed.

Alternatively, the first splice member 2 and the
second splice member 3 may be moved in a pressing direction
in or parallel to a direction normal to the surface of the
tire component 9 that is being pressed.

In this exemplary embodiment, the holder 10
comprises a first holder member 11 that is connected to the
base 14 at the rocking axis B and a second holder member 12
that is movable relative to said first holder member 11 in
the pressing direction F. In this example, the second holder
member 12 is movable relative to the first holder member 11
over a pair of guide rails 17. The pressing drive 16 1is a
linear drive, i.e. a pneumatic cylinder, that is arranged
between the first holder member 11 and the second holder
member 12 for biasing the second holder member 12 1in the
pressing direction F towards the tire component 9 relative
to the first holder member 11.

Alternatively, the first splice member 2 and/or the
second splice member 3 may be individually biased, i.e. by a
biasing member located between the holder 10 and the
respective splice member 2, 3.

The second holder member 12 is movable relative to
the first holder member 11 along a stroke distance D that is

limited by a lower stroke limiter 18 and an uppcr strokce
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limiter 192. The stroke limiters 18, 12 may be provided with
an elastic buffer material to absorb 1impacts. Hence, the
movement of the second holder member 12 relative to the first
holder member 11 can be faster without damaging the splicer
1 and/or the tire component 9. Preferably, the stroke distance
D is larger than the stroke distance required to have the
second splice member 3 contact the tire component 9, with the
remaining stroke being used to exert the pressing force in
the pressing direction F.

As schematically shown in figure 2, the splicer 1
further comprises a control unit 5 that i1s operationally
and/or electronically connected to the rocking drive 15 and
the pressing drive 16 for controlling the said drives 15, 16.
The control unit 5 may be arranged at the splicer 1 or
remotely. The control unit 5 is arranged for performing the
steps of a method for splicing the leading end LE and the
trailing end TE of the tire component 9 together using the
first splice member 2 and the second splice member 3. In
particular, the control unit 5 is loaded with instructions
or software, or 1s arranged, adapted or configured for
rerforming the steps of the method. The control unit 5 may
be connected to or comprise a user interface for controlling
the steps semi-automatically, or the control unit 5 may be
arranged for fully automatically controlling the splicer 1.

The method for splicing the leading end LE and the
trailing end TE of the tire component 9 together with the use
of the aforementioned splicer 1 will now be elucidated with
reference to figures 1-06.

Figure 1 shows the situation in which the tire
component 9 1is arranged with the leading end LE and the
trailing end TE thereof at the splice support 8. The tire
component 9 is held in an annular or ring shape.

Figure 2 shows the situation in which the holder
10 is rotated into a position about the rocking axis B in
which the second splice member 3, at least in the pressing
direction F, is aligned with or at least partially above

sccond sidc 92 of the tirc componcnt 9, in particular ncar
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the preparatory splice position X along the splice path P.

Figure 3 shows the situation in which the pressing
drive 16 1is actuated or controlled to drive, bias or move the
second holder member 12 towards the tire component 9 in the
pressing direction F, thereby causing the second splice
member 3 to contact and/or press onto the tire component 9
at the preparatory splice position X along the splice path
P. More in particular, as shown in figure 1, the second splice
member 3 is pressed onto the leading end LE and the trailing
end TF. The pressing can form a local, preliminary joint
between the leading end LE and the trailing end TE at the
preparatory splice position X to prevent that the leading end
ILFE and the trailing end TE split towards the second side 92
of the tire component 9 as a result of any waving or bulging
during the subsequent splicing, as described hereafter.

The step of figure 3 is referred to in the claims
as ‘step b)’.

Figure 4 shows the situation in which the rocking
drive 15 has been actuated or controclled to drive or rotate
the holder 10 as a whole relative to the base 14 in the
rocking motion M about the rocking axis B in a direction such
that the second splice roller 30 is rolled along the splice
rath P in the splice direction S away from the preparatory
splice position X. Simultaneously, the first splice member 2
is brought into a position at the first side 921 of the tire
component 9 to initiate splicing of the tire component 9 along
the splice path P. In particular, the first splice roller 30
is located on the splice support 8 at or directly upstream
of the first side 91 or the tip 94 of the tire component 9,
congidered in the splice direction S.

Figure 5 shows the situation in which the rocking
drive 15 has been actuated or controlled to move or rotate
the holder 10 further in the rocking motion M about the
rocking axis B to roll the first splice roller 30 over the
tire component 9 along the splice path P, at least up to
preparatory splice position X and optionally up to or beyond

the sccond side 92, i.c. the basc 93, of the tirc componcnt
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9. Preferably, the range of the first splice roller 30 along
the splice path P is sufficient to splice the entire width
of the tire component 9 in the splice direction S.

The steps of figures 4 and 5 are referred to in the
claims as ‘step a)’.

During the splicing of step a), the pressing drive
16 is continuously biasing the second holder member 12 to
move in the pressing direction F towards the tire component
9 relative to the first holder member 11. Consequently, the
first splice roller 20 can be kept 1in continuous pressing
contact with the tire component 9.

Optionally, the pressing force exerted by the
pressing drive 16 onto the second holder member 12 is
variable. The pressure can be set prior to the pressing in
step b). The pressure may alternatively be wvaried when
carrying out step a) and/or step b). Consequently, also the
splice force or pressing force exerted onto the tire component
during the splicing in step a) can be wvaried during the
splicing.

Figure 6 shows 1n more detail the moment that the
second splice roller 30 is moved out of the preparatory splice
position X in the splice direction S up and over the highest
proint 95 of the base 93 at the second side 22 of the tire
component 9. Note that in the position of the second splice
roller 30 that is shown in solid lines, the second splice
roller 30 has already moved past the highest point 95 of the
base 93 and has started to move down along the opposite slope
at the second side 92 of the tire component 9 towards the
splice support 8 as a result of the biasing on the second
holder member 12 1in the pressing direction F. The sgsplice
support 8 extends at a support height HO. The highest point
95 of the base 93 may be deformed excessively when the second
splice roller 30 is allowed to move down along the second
side 92 of the tire component 9 all the way up to the support
height HO of the splice support 8. To prevent such excessive
deformation, the movement of the second splice member 3 is

limited in the pressing dircction F up to a floating hcight
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H1 short of or at a distance spaced apart from said support
height HO.

Opticnally, the floating height HI1 may be
adjustable, for example by mechanically changing the position
of the lower stroke limiter 18 in figure 3 or by adjusting
the relative position or the stroke of the pressing drive 160,
in particular relative to the splice support 8. The floating
height H1 can be set prior to the pressing of step b).

The floating height H1 may be set by allowing the
pressing drive 16 to be moved freely and subsequently moving
the splice support 8 relative to the splicer 1. The pressing
drive 16 may for example be released, disconnected or
decoupled from its initial position on the first holder member
11, for example by releasing a brake, after which the pressing
drive 16 can be moved freely relative to said first holder
member 11, for example along a guide rail. The splice support
8 may be adapted for such movement in a manner known per se
as part of a plurality of radially movable segments of a bead-
apex drum. The splice support 8 may actively l1lift the second
splice member 3 up to the desired floating height H1l, at which
roint the pressing drive 16 1is activated, fixed, connected
or coupled again, for example by engaging the brake again,
and its stroke distance D is effectively adjusted.

By performing step b) prior to step a), as shown
in figure 1, the leading end LE and the trailing end TE are
pressed first and/or only in the preparatory splice position
X. Hence, the leading end LE and the trailing end TE have not
vet been exposed to the waving or bulging that occurs during
step a). Hence, a preliminary Jjoint can be still be formed
reliably prior to the splicing in step a).

Figure 7 shows an alternative splicer 101 according
to a second exemplary embodiment of the invention that differs
from the previously discussed splicer 1 in that the second
splice member 103 comprises a set of two second splice rollers
131, 132. The second splice rollers 131, 132 are rotatable
about mutually parallel and spaced apart second roller axes.

The sct of sccond splice rollers 131, 132 is mounted on a
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common carriage 130 that is pivotable about a pivot axis G
relative to the holder 10, to allow the set of second splice
rollers 131, 132 to assume an optimal orientation for pressing
and/or forming the preliminary joint in step b). The second
splice rollers 131, 132 can have a relative small diameter
compared to the diameter of the first splice roller 20 to
allow a more local and/or higher pressing force 1in the
preparatory splice position X. The second splice member 103
may optionally have more than two second splice rollers. For
the purpose of the invention the second splice raoller 137
that 1is the furthest upstream considered in the gplice
direction S defines the preparatory splice position X.

Figure 8 shows a further alternative splicer 201
according to a third exemplary embodiment of the invention
that differs from the previously discussed splicers 1, 101
in that the first splice member 202 comprises a set of two
first splice rollers 221, 222, mounted to the holder 10 in a
similar way as the set of second splice rollers 131, 132 in
the previous embodiment. The first splice rollers 221, 222
can have a relative small diameter compared to the diameter
of the second splice roller 30 to allow a more local and/or
higher splicing force along the splice path P.

Figure 92 shows a further alternative splicer 301
according to a fourth exemplary embodiment of the invention
that differs from the previously discussed splicers 1, 101,
201 in that the first splice member 302 comprises a circular
segment 320. The circular segment 320 can have a relatively
large radius to more evenly distribute the splicing force
along the splice path P. The circular segment 320 can be
rocked, rolled and/or swiveled back-and-forth along the
splice path P about a swivel axis A301.

Figure 10 shows a further alternative splicer 301
according to a fifth exemplary embodiment of the invention
that differs from the previously discussed splicers 1, 101,
201, 301 in that the first splice member 2 and the second
splice member 3 are independently movable relative to each

othecr. In particular, the further altcrnative splicer 301
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comprises a first holder 411 and a second holder 412 for
independently holding the first splice member 2 and the second
splice member 3, respectively. The first splice member 2 and
the second splice member 3 remain rotatable relative to their
respective holders 411, 412 about their respective roller
axes Al, A2. The further alternative splicer 401 is further
provided with a first drive 415 for moving the first holder
411 and/or the first splice member 2, a second drive 416 for
moving the second holder 412 and/or the second splice member
3 and a control unit 305 that is electronically and/or
operationally connected to the first drive 415 and the second
drive 416 for independently controlling said drives 415, 416.
Fach drive 415, 416 may comprise a multi-axis manipulator,
such as a robotic arm, or an XY-drive system.

The independent drives 415, 416 may provide greater
flexibility when positioning the first splice member 2 and
the second splice member 3. The movements of may comprise
linear trajectories, circular trajectories, non-circular
trajectories, or a combination thereof. The first splice
member 2 may for example accurately follow and/or move along
the splice path P. The second splice member 3 may be pressed
onto the tire component 9 in a pressing direction F
perpendicular or normal to the splice support S, or
alternatively perpendicular or normal to the orientation of
the upper surface of the tire component 9, and return in an
opposite direction.

Figure 11 shows a further alternative splice 501
according to a sixth exemplary embodiment of the invention
that differs from the splicer 401 according to the third
embodiment of the invention in that its second splice member
503 is or comprises a non-circular pressing member 530, i.e.
with a shape that is adapted to optimally match the shape
and/or orientation of the tire component 9 in the preparatory
splice position X. In this example, the non-circular pressing
member 530 has the shape of a block with a flat pressing
surface. Alternatively, the non-circular pressing member 530

may have the form of a finger. Morcover, in this cxamplce, the
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second splice member 503 is still rotatable relative to the
second holder 412 about the second roller axis AZ to allow
the non-circular pressing member 530 to assume an optimal
orientation for pressing onto the tire component 9.
Alternatively, the second pressing member 503 may be fixed
or an integral part of the second holder 412. The pressing
in step b) is achieved by pressing the non-circular pressing
member 530 onto the leading end LE and the trailing end TE
at the preparatory splice position X. The non-circular
pressing member 530 is not rolled away from said preparatory
splice position X. Instead, it is 1lifted from the tire
component 9 after the pressing in step b) in a direction
opposite to the pressing direction F.

Figure 12 shows a variation of the method as shown
in figures 1-5 which differs from said method in that the
orientation of the tire component 9 relative to the splicer
1 and/or the splice support 8 is reversed. In particular, the
triangular cross section of the tire component 92 now has its
base 93 at the first side 91 and its tip 94 at the second
side 92. Consequently, the preparatory splice position X is
located at or near the tip 94, instead of at or near the base
93. Step b) 1is performed at or near said tip 24 and step a)
involves splicing the tire component 9 in the splice direction
S from the base 93 at the first side 91 towards the tip 94
at the second side 92.

Although the effects of waving and bulging have
been the greatest 1in tire components 9 1like the apex in
figures 1-12, it 1is envisioned that the method according to
the present invention can be applied to tire components other
than an apex. Figure 13 shows a further wvariation of the
method as shown in figures 1-5 which differs from said method
in that an alternative tire component 108 is used, having a
different c¢ross sectional shape. In this example, the
alternative tire component 109 has a strip body 190 with a
rectangular or substantially rectangular c¢ross section.
Nonetheless, the alternative tire component 109 still has a

first side 191 and a sccond sidc 192 which can bc prcecsscd in
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step b) and splice in step a) in substantially the same way.

Alternatively, the tire component may have a non-
rectangular, non-triangular cross section, for example a
crowned or trapezoidal cross section.

It is further observed that the method according
to tThe present invention can alternatively be carried out by
a single splice member, for example the first splice member
2 of figure 10. In such a scenario, the control unit 405 is
operationally connected to the drive 415 and configured for
controlling the drive 415 to first move the single splice
member 2 to the preparatory splice position X for the pressing
in step b), and subsequently moving the single splice member
2 along the splice path P across the tire component 9 for the
splicing in step a).

In the aforementioned embodiments, the splicers 1,
101, 201, 301, 401, 501 are used to splice the leading end
ILFE and the trailing end TE in an overlapping configuration,
such as the one shown schematically 1in figure 14. 1In
particular, the leading end LE and the trailing end TE are
cut oblicquely. Hence, the overlapping section of the trailing
end TE can be tightly adhered to the underlying section of
the leading end LE by pressing onto the tire component 9 in
the pressing direction F with one of the aforementioned
splicers 1, 101, 201, 301, 401, 501.

As shown in figure 15, an alternative tire
component 2092 may be provided having a non-overlapping
leading end LE and trailing end TE. In particular, the leading
end LE and the trailing end TE have been cut at a right angle.
Such leading end LE and trailing end TE are butt-spliced. In
order tTo securely form the preliminary joint between the
leading end LE and the trailing end TE prior to the butt-
splicing, a further alternative splicer 601 may be provided
according to a seventh exemplary embodiment of the invention.
Said further alternative splicer 601 differs from the
previously discussed splicers 1, 101, 201, 301, 401, 501 in
that 1t has at least one second splice member 631 and

prcferably a sct of two sccond splicce mcembers 631, 632 which
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are angled to the splice plane Z so as to exert a pressing
force onto at least one of the leading end LE and the trailing
end TE in a pressing direction F1l, F2 towards the other of
the leading end LE and the trailing end TE. Preferably, two
second splice members 631, 632 simultaneously exert a
pressing force onto the respective ends LE, TE from opposite
sides of the splice plane 7.

It is to be understood that the above description
is included to illustrate the operation of the preferred
embodiments and is not meant to 1imit the scope of the
invention. From the above discussion, many variations will
be apparent to one skilled in the art that would yet be

enconmpassed by the scope of the present invention.

LIST OF REFERENCE NUMERALS

1 splicer

10 holder

11 first holder member
12 second holder member
14 base

15 rocking drive

16 pressing drive

17 guides

18 lower stroke limiter
19 upper stroke limiter
2 first splice member
20 first splice roller
3 second splice member
30 second splice roller
5 control unit

3 splice support

9 tire component

90 strip body

91 first side

92 sccond sidc
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o3
94
95
o1
92
101
103
130
131
132
109
1920
201
202
221
222
209
301
302
320
401
405
411
412
415
416
501
503
530
601
631
632
Al
A2
A301
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base

tip

highest point of the base
first side

second side

alternative splicer

second splice member
carriage

second splice roller

second splice roller
alternative tire component
strip body

alternative splicer

first splice member

first splice roller

first splice roller
alternative tire component
further alternative splicer
first splice member

first circular segment
further alternative splicer
control unit

first holder

second holder

first drive

second drive

further alternative splicer
second splice member
non-circular pressing member
further alternative splicer
first splice roller

second splice roller

first roller axis

second roller axis

swivel axis

rocking axis

circumfcrential dircction
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D stroke distance

F pressing direction

F1 first pressing direction

F2 second pressing direction
5 G pivot axis

HO support height

H1 floating height

LE leading end

M rocking motion
10 P splice path

S splice direction

TE trailing end

X preparatory splice position

Z splice plane
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CLAIMS

1. Method for splicing a leading end and a
trailing end of a tire component together, wherein the method
comprises the steps of:

a) splicing the leading end and the trailing end
together along a splice path extending across the tire
component, in a splice direction from a first side of the
tire component towards a second side of the tire component
opposite to the first side; and

b) prior to the splicing, forming a preliminary
jJoint between the leading end and the trailing end at a
preparatory splice position along the splice path;

wherein the preparatory splice position is spaced
apart from the first side.

2. Method according to c¢laim 1, wherein the
preparatory splice position is closer to the second side than
the first side.

3. Method according to c¢laim 1 or 2, wherein the
leading end and the trailing end are spliced between the first
side and the preparatory splice position by the splicing of
step a) only.

4. Method according to any one of the preceding
claims, wherein the splicing of step a) is performed
continuously from the first side up to the second side.

5. Method according to any one of the preceding
claims, wherein the leading end and the trailing end are
pressed 1in step b) 1in a pressing direction transverse or
perpendicular to the splice direction.

6. Method according to any one of the preceding
claims, wherein the tire component is an apex.

7. Method according to claim 6, wherein the apex
has a triangular cross section with a base and a tip, wherein
the first side is the tip and the second side is the base.

8. Method according to claim 6, wherein the apex



10

15

20

25

30

35

CA 03207342 2023-8-2

WO 2022/186688 PCT/NL2022/050079

29

has a triangular cross section with a base and a tip, wherein
the first side is the base and the second side is the tip.

9. Method according to any one of the preceding
claims, wherein a first splice member is used for the splicing
in step a) and a second splice member is used for the forming
of the preliminary joint in step b).

10. Method according to claim 9, wherein the first
splice member trails the second splice member in the splice
direction.

11. Method according to claim 9 or 10, wherein the
first splice member is a first splice roller that is rotatable
about a first roller axis, wherein the splicing 1in step a)
is achieved by rolling the first splice roller along the
splice path in the splice direction.

12. Method according to claim 11, wherein the first
splice member 1is moved along the splice path as part of a
rocking motion about a rocking axis that is parallel to and
spaced apart from the first roller axis.

13. Method according to claim 12, wherein the first
splice member and the second splice member are moved together
in the rocking motion about the rocking axis.

14. Method according to any one of claims 10-13,
wherein the second splice member comprises at least one second
splice roller, wherein the method further comprises the step
of rolling the at least one second splice roller along the
splice path in the splice direction away from the preparatory
splice position after the forming the preliminary joint in
step b).

15. Method according to any one of claims 10-13,
wherein the second splice member comprises a non-circular
pressing member, wherein the pressing in step b) is achieved
by pressing the non-circular pressing member onto the leading
end and the trailing end at the preparatory splice position.

16. Method according to claim 10, wherein the first
splice member and the second splice member are independently
movable relative to each other.

17. Method according to any one of claims 10-16,
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wherein the leading end and the trailing end are supported
on a splice support extending at a support height, wherein
the second splice member 1s movable in a pressing direction
transverse or perpendicular to the splice direction towards
sald splice support up to a floating height short of said
support height.

18. Method according to c¢laim 17, wherein the
floating height is adjustable, wherein the floating height
is set prior to the forming of the preliminary Jjoint of step
b).

19. Method according to any one of the preceding
claims, wherein leading end and the trailing end are pressed
in step b) with a pressing force that is wvariable, wherein
the pressing force 1s wvaried during or set prior to the
pressing of step b).

20. Method according to any one of the preceding
claims, wherein the leading end and the trailing end are
spliced in step a) with a splice force that is wvariable,
wherein the splice force is varied during or set prior to the
splicing of step a).

21. Splicer for splicing a leading end and a
trailing end of a tire component, in particular an apex,
together, wherein the splicer comprises a first splice member
for splicing the leading end and the trailing end together
along a splice path extending across the tire component, in
a splice direction from a first side of the tire component
towards a second side of the tire component opposite to the
first side, wherein the splicer further comprises a second
splice member for forming a preliminary Joint between the
leading end and the trailing end at a preparatory splice
position along the splice path, wherein the preparatory
splice position is spaced apart from the first side.

22. Splicer according to c¢laim 21, wherein the
preparatory splice position is closer to the second side than
the first side.

23. Splicer according to claim 21 or 22, wherein

the first splice member trails the second splice member in
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the splice direction.

24, Splicer according to any one of claims 21-23,
wherein the first splice member is a first splice roller that
is rotatable about a first roller axis.

25. Splicer according to any one of claims 21-23,
wherein the first splice member comprises a circular segment
that is rotatable about a swivel axis.

26. Splicer according to any one of claims 21-25,
wherein the splicer comprises a base and a holder that is
rotatable relative to said base 1in a rocking motion about a
rocking axis, wherein the first splice member is mounted to
said holder and movable together with said holder 1in the
rocking motion about the rocking axis.

27. Splicer according to c¢laim 26, wherein the
second splice member is mounted to the holder and movable
together with the first splice member in the rocking motion
about the rocking axis.

28. Splicer according to claim 26 or 27, wherein
the splicer comprises a rocking drive for driving the rotation
of the holder about the rocking axis.

29. Splicer according to any one of claims 21-28,
wherein the splicer comprises a pressing drive for biasing
the first splice member and/or the second splice member in a
pressing direction transverse or perpendicular to the splice
direction towards the tire component.

30. Splicer according to c¢laim 29, wherein the
pressing drive is a pneumatic cylinder.

31. Splicer according to any one of claims 21-28,
wherein the second splice member comprises a second splice
roller that is rotatable about a second roller axis.

32. Splicer according to any one of claims 21-28,
wherein the second splice member comprises two or more second
splice rollers that are rotatable about mutually parallel and
spaced apart second roller axes.

33. Splicer according to any one of claims 21-32,
wherein the first splice member comprises two or more first

splice rollers that are rotatable about mutually parallel and
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spaced apart first roller axes.

34, Splicer according to any one of claims 21-28,
wherein the second splice member comprises a non-circular
pressing member.

35. Splicer according to c¢laim 21, wherein the
first splice member and the second splice member are
independently movable relative to each other.

36. Splicer according to c¢laim 35, wherein the
splicer comprises a first drive for moving the first splice
member and a second drive for moving the second splice member.

37. Splicer according to any one of claims 21-35,
wherein the splicer comprises one or more drives for driving
the first splice member and the second splice member and a
control unit that 1is operationally connected to the one or
more drives, wherein the control unit 1is configured for
controlling the one or more drives to perform the following
steps:

a) moving the first splice member along the splice
rath in the splice direction for splicing the leading end and
the trailing end together along said splice path; and

b) prior to the movement in step a), moving the
second splice member to the preparatory splice position for
forming a preliminary joint between the leading end and the
trailing end at said preparatory splice position.

38. Splicer for splicing a leading end and a
trailing end of a tire component, in particular an apex,
together, wherein the splicer comprises a splice member, a
drive for moving the splice member and a control unit that
is operationally connected to the drive, wherein the control
unit is configured for controlling the drive to perform the
following steps:

a) moving the splice member along a splice path
extending across the tire component, in a splice direction
from a first side of the tire component towards a second side
of the tire component opposite to the first side for splicing
the leading end and the trailing end together along said
splice path; and
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b) prior to the movement in step a), moving the
splice member To a preparatory splice position along the
splice path for forming a preliminary Jjoint between the
leading end and the trailing end at the preparatory splice
position along the splice path,

wherein the preparatory splice position is spaced

apart from the first side.

—0—O0—0—0—0—0—0—0—
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