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(57) Abstract: The invention comprises a
method of forming a retreaded tire. In partic-
ular embodiments, the method includes
providing a tread having a top side con-
figured to engage a ground surface during
tire operation and a bottom side configured
for attachment to an annular tire carcass, the
tread including a void extending into a
thickness of the tread from the top side of
the tread. The method also includes arran-
ging the tread around an outer circumference
of the tire carcass in a desired position to
form an assembled retreaded tire. Further-
more, the methods includes arranging a coil
spring within the void of the tread. Sub-
sequently, a curing membrane is placed
around an outer circumference of the tread,
an outer circumference of the circumferen-

FIG. 1 N

tial band, and at least a portion of the tire
carcass, and the assembled retreaded tire is
cured with the coil spring arranged within
the void.
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METHODS FOR RETREADING TIRES USING COIL SPRINGS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates generally to methods for retreading tires, and more
particularly, to methods for generally maintaining the dimensions or shape of voids in the tire

tread during tire retreading operations.

Description of the Related Art

[0002] Retreaded tires are commonly manufactured by affixing a new tread atop an
existing tire carcass, and securing the tread to the carcass by way of a curing process. In
preparation for the curing process, a curing membrane or envelope is arranged about the tread
to maintain the tread in a desired position atop the tire carcass and to create a seal between
the retreaded tire assembly and the curing membrane. A bonding layer may be interposed
between the tread and the tire carcass to promote bonding. Vacuum pressure is applied to the
area between the curing membrane and the tread to substantially remove the air between the
curing membrane and the tire assembly. The retread tire assembly with curing membrane is
placed within a curing chamber, which often referred to as an autoclave, to bond the tread to
the tire carcass, where the membrane-covered assembly is exposed to heat and pressure
according to a desired curing process.

[0003] It is known for retread tire treads to include voids arranged along the outer,
ground-engaging side of the tread, and extending into a thickness of the tread from the outer,
ground-engaging side. Por example, voids may comprise circumferential or lateral grooves
arranged along the outer, ground-engaging side of the tread. In prior tire retreading
processes, such voids can become misshapen or deformed due to curing forces caused by the
vacuum pressure and/or curing pressure. That is, because the curing membrane is often not
able to extend to the bottom of the groove, a vacuum-filled void can exist at the bottom of the
groove, causing the groove bottom to “peak™, effectively reducing the depth of the void,
which is referred to as the skid depth. Also, the curing pressure operating laterally against the
tread shoulder can cause significant narrowing of the tread and narrowing of some or all of
the circumferential grooves. This effect is very much accentuated when the tread thickness at
below the groove, which is referred to as the undertread thickness, is less than 3 to 4
millimeters. These effects are compounded when bonding material becomes more malleable

or fluid as the assembly is heated during the curing process.
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SUMMARY OF THE INVENTION

[0004] The present invention includes methods of forming a retreaded tire. In particular
embodiments, such methods comprise providing a tread having a top side configured to
engage a ground surface during tire operation and a bottom side configured for attachment to
an annular tire carcass configured for receiving the tread, the tread including a void extending
into a thickness of the tread from the top side of the tread. The tread is arranged around an
outer circumference of the tire carcass in a desired position to form an assembled retreaded
tire. Furthermore, a coil spring is arranged within the void of the tread. Such methods
further include placing a curing membrane around an outer circumference of the tread, an
outer circumference of the circumferential band, and at least a portion of the tire carcass, and
curing the assembled retreaded tire with the coil spring arranged within the void.

[0005] The foregoing and other objects, features and advantages of the invention will be
apparent from the following more detailed descriptions of particular embodiments of the
invention, as illustrated in the accompanying drawings wherein like reference numbers

represent like parts of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a partial perspective view of a retreaded tire assembly having a coil
spring arranged in various longitudinal and lateral grooves comprising voids arranged along,
and extending depthwise into a thickness of the tread from an outer, ground-engaging side of
the tread, the longitudinal grooves having a length extending in a circumferential direction of
the tire assembly and in a lengthwise direction of the tread, the lateral grooves extend across
a width of the tread, the figure also showing a partial cut-away of a curing membrane
positioned in an installed arrangement about the tire, where a pressurization compartment
arranged between the curing membrane and the tread is placed under pressure during curing

operations according to an exemplary embodiment of the invention.

[0007] FIG. 2 is a lateral cross-sectional view of the retreaded tire assembly of FIG. 1
showing a coil spring arranged within each of a plurality of voids comprising longitudinal
grooves extending into a thickness of the tread from an outer, ground-engaging side of the
tread before placing the pressurization compartment under pressure in accordance with an

embodiment of the invention.

[0008] FIG. 3A is a lateral cross-sectional detail view of a retreaded tire assembly

showing each of the coil springs arranged at the bottom of each void and along a bonding



WO 2014/120212 PCT/US2013/024171

layer, where the voids comprise longitudinal grooves extending fully through the tread
thickness and where the curing membrane has deformed into each of the voids due to
pressure forces arising during curing operations in accordance with another embodiment of

the invention.

[0009] FIG. 3B is a lateral cross-sectional detail view of a retreaded tire assembly
showing a coil spring arranged at the bottom of each of the longitudinal grooves arranged in
the tread, each longitudinal groove is arranged overtop a longitudinal groove arranged in the

tire carcass in accordance with another embodiment of the invention.

[0010] FIG. 4A is a side view of a coil spring for arrangement within a void shown in
FIGS. 1-3, the coil spring having an unexpanded length in an unexpanded configuration in

accordance with an embodiment of the invention.

[0011] FIG. 4B is a side view of the coil spring of FIG. 4A for arrangement within a void
shown in FIGS. 1-3, the coil spring having an expanded length in an expanded configuration

in accordance with an embodiment of the invention.

[0012] FIG. 5 is a cross-sectional side view of a coil spring having a sleeve arranged
around an outer extend of the coil spring, the sleeve and coil spring being shown in an

expanded configuration in accordance with an embodiment of the invention.

[0013] FIG. 6 is a top view of a portion of a tread, and more specifically, of the outer,
ground-engaging side of the tread where voids comprising longitudinal grooves containing
coil springs extend lengthwise along a non-linear, zig-zagging path in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

[0014] Particular embodiments of the present invention provide methods and apparatus
for maintaining shape and/or volume of a void arranged along the outer, ground-engaging
side of the tread, and extending into a thickness of the tread from the outer, ground-engaging
side when forming a retreaded tire. By employing such methods and apparatus, the shape,
volume, and arrangement of such voids along the tread outer, ground-engaging side are better
maintained. In particular embodiments, such methods and apparatus inhibit the deformation

of the voids.

[0015] Such methods may comprise methods for retreading a tire carcass (i.e., tire

casing), which may comprise a variety of steps. In particular embodiments, such methods
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include the step of providing an annular tire carcass configured for receiving a tread. During
retreading operations, an existing tire is typically prepared by removing at least a portion of
the preexisting tread from the tire through an abrading or buffing operation, although it is
understood that the preexisting tread may not be removed at all. The remaining portion of the
tire is generally referred to as the tire carcass. In particular embodiments, the tire carcass
forms an annular article generally including a pair of opposing sidewalls each extending
radially outward from a bead to a central portion extending laterally between the sidewalls.
During the retreading process, a tread is arranged along an outer side of the central portion to
form a retreaded tire. It is generally understood that the tire carcass is previously
manufactured, that is, previously molded and cured (or, in other words, vulcanized). With
regard to the preexisting tread, if the preexisting tread is not removed or along a portion of
the preexisting tread is removed, one or more voids or grooves may remain in the preexisting
tread. It is understood that any desired tread and tire carcass may be employed. An
exemplary tire tread and tire carcass are discussed further below with reference to the figures.
This process, however, may be applicable to forming new tires where both the tread and tire

carcass arc ncw.

[0016] Particular embodiments of such methods may include the step of providing a tread
having a top side configured to engage a ground surface during tire operation and a bottom
side configured for attachment to an annular tire carcass configured for receiving the tread,
the tread including a void extending into a thickness of the tread from the top side of the
tread. Tire treads are often formed to include a tread pattern along an outer, ground-engaging
side or face of the tread for engagement with a ground surface during tire operation. This
outer, ground-engaging side is also referred to as a top side of the tread. It is understood that
the top side and an opposing bottom side (also referred to as an underside) define the
thickness of the tread. In particular instances, the tread pattern includes one or more tread
features each comprising voids arranged along the top side, which extend into the tread
thickness from the top side. For example, tread features may comprise grooves or sipes
extending into the tread thickness. Sipes generally form thin voids molded or cut into the
tread. By further example, grooves may comprise longitudinal and/or lateral grooves.
“Longitudinal grooves” generally extend lengthwise (longitudinally) along a length of the
tread, while “lateral grooves” generally extend lengthwise (longitudinally) along a width of
the tread. The length of the tread extends in a lengthwise direction of the tread, while the

width of the tread extends in a widthwise direction of the tread. Longitudinal grooves may
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extend continuously around the tire to form circumferential grooves when the tread is
arranged on a tire. Lateral grooves may also extend continuously across the width of the
tread. It is understood that any grooves may extend lengthwise along any linear or nonlinear
path.  Furthermore, it is understood that any groove may extend continuously or
discontinuously along the full length or width of the tread. Tread features comprising voids

arranged along the top side are referred to herein as outer or top voids or top side voids.

[0017] It is also understood that any top side void, such as a groove, has a depth
extending into the tread thickness from the outer, ground-engaging side. The void depth may
extend partially through a thickness of the tread, and therefore, terminate at a bottom or
bottom end of the void arranged within a thickness of thee tread. The thickness of the tread
remaining between the void bottom and the bottom side of the tread is referred to as the
undertread. In particular embodiments, the depth of the groove extends through the tread
thickness and to the bottom side of the tread. In such instances, it can be said that the void is

exposed to, or is in operable communication with, the bottom side of the tread.

[0018] The outer-ground engaging side and at least a portion of the tread thickness may
be divided into a plurality of tread elements by one or more top side voids and any lateral side
edge of the tread. Exemplarily tread elements include ribs and/or blocks. Ribs and blocks
each have a width generally extending laterally a distance less than the full tread width and
which are bounded laterally by a two or more top side voids or one or more top side voids
and a lateral tread edge. However, a rib generally extends the full length of the tread, while
blocks extend partially along a length of the tread, such that multiple blocks may be arranged
in a lengthwise direction of the tread that may otherwise form a rib. It is understood that one
or more top side voids may extend fully through the tread thickness to parse the tread into a

plurality of members, sections, or portions,

[0019] Further steps of such methods may include the step of arranging the tread around
an outer circumference of the tire carcass in a desired position to form an assembled
retreaded tire. Tire retreading generally comprises placing a new tread on the tire carcass.
The new tread may be molded, and at least a portion thereof fully or partially cured prior to
its application upon a tire carcass. Prior to applying the tread to the tire carcass, old tread
material may be fully or partially removed from the tire carcass as desired and a bonding
material arranged between the new tread and the tire carcass to promote adhesion and
bonding there between. The bonding material may comprise any known material suitable for

its intended purpose of bonding the new tread to the tire carcass. For example, the joining
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material may include an adhesive or material curable by way of vulcanization, such as natural
or synthetic rubber or any other elastomeric and/or polymeric material, which is commonly
referred to as liaison rubber or cushion gum. As described above, the tread may be provided
as a single, unitary member or may be assembled from multiple sections comprising different
portions of the tread. Because the tread may be formed of separate portions or members,
which may be employed to form a full length of the tread and/or may be used to form
different portions of the tread width, the step of arranging the tread may include arranging

each of the separate tread portions of the tread along the tire carcass.

[0020] Particular embodiments of the present methods may include the step of arranging
a coil spring within the void of the tread. A coil spring is also referred to as a helical spring.
The coil spring comprises a spring wire wound helically in a longitudinal direction of the
spring to form a length of the spring. A coil spring may extend lengthwise between a pair of
opposing terminal ends. In other variations, the spring may be an annular ring, such as when
the ends are joined or attached to form an annular spring, which may comprise a garter

spring, for example.

[0021] The length of the coil spring is configured to expand and contract, whereby the
distance between winds in the helical spring increase and decrease with expansion and
contraction, respectively. In particular embodiments, the coil spring is a tension spring,
which is designed to resist lengthwise expansion of the spring such that the spring desires to
return to a shorter, unstretched length. This way, such as when the spring is an annular
spring, where the length of the spring is configured to form a ring, the spring may be
stretched around the outer circumference of the tire, and later, upon arrangement of the spring
within a void, such as a circumferential longitudinal void, the spring length shortens as the
spring contracts. It is understood that when a coil spring is arranged within any void, the
spring may remain in an unstretched configuration or in an expanded configuration, such that
the spring squeezes against the tread with a clamping force. In other variations, the coil
spring may comprise a compression spring, a torsion spring, a volute spring, or any other
spring capable of achieving the intended purpose described herein. Any such spring may
have a constant or variable width, where the cross-section of the spring or its windings may
comprise any shape. TDurthermore, the spring wire may have any desired cross-sectional

shape, such as circular or rectangular.

[0022] In addition to expanding and contracting lengthwise, the coil spring may remain

laterally flexible to also bend in one or more lateral directions along the length of the spring,

6
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whereby a length of the spring is bent. Any such lateral direction is arranged perpendicular
to the lengthwise direction of the coil spring. This allows the coil spring to laterally deform
and flex, and thereby, for example, extend lengthwise along a non-linear path when arranged
within a groove having a non-linear length, that is, a length extending longitudinally along a
non-linear path. The spring wire may comprise any cross-sectional shape, including, for
example, an ellipse (such a circle or oval), a quadrilateral (such as a square or rectangle), or a

triangle.

[0023] Generally, one or more coil springs are arranged within a top side void to resist
the tendency of the top side void to deform under the forces and pressures applied during
curing operations in the retreading process. In particular instances, the coil spring is arranged
along a bottom of the top side void. In instances, where the void extends through the tread
thickness, such as when no undertread exists between a bottom of the void and the bottom
side of the tread, arranging the coil spring at a bottom or end of the void comprises arranging
the coil spring atop the tire carcass or a bonding layer arranged atop the tire carcass. In
arranging the spring atop the tire carcass, in particular embodiments, there may be remnants
of the preexisting tire tread remaining on the tire carcass — such as when the entire tread has
not been fully removed or buffed from the tire carcass prior to installation of the new tread.
This may be desired, for example, when attempting to reduce waste and re-use portions of the
preexisting tread. In such instances, the coil spring may be arranged along the preexisting
tread of the tire carcass. Furthermore, it is understood that the preexisting tread may include
one or more voids, such as grooves, that were originally formed in the preexisting tread when
new or that have been formed into the preexisting tread for purposes of installing the new
tread during the retreading operation. It is also possible that voids may be arranged within
the tire carcass in a layer of material arranged below the preexisting tread, which may or may
not have been fully removed. As a result, the void of the new tread may be aligned with the
void in the tire carcass such that the new void is arranged overtop the preexisting void. In
such instances, the coil spring may be arranged at any location along the void of the new
tread, which includes arranging the coil spring at a bottom of the void in the new tread. In
arranging the coil spring at the bottom of the void in the new tread, the coil spring may also
be arranged partially within the void in the tire carcass, which may also be arranged in the

preexisting tread if present.

[0024] Additionally, or separately, the coil spring is arranged within the top side void

such that the coil spring has a width approximately equal to a width of the void. It is
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understood that one or more coil springs may be arranged within a top side void. Tor
example, two or more may be stacked in a depthwise direction of the top side void (that is,
stacked along a depth of the void). Additionally, or alternatively, the two or more may be

arranged end-to-end or spaced apart along a length of the top side void.

[0025] The coil spring maybe arranged within any void discussed herein, including any
lateral and/or longitudinal groove. In particular embodiments, for example, the coil spring is
arranged in a longitudinal groove in any manner contemplated herein, and may extend
substantially the full length of the groove. Therefore, when the longitudinal groove is a
circumferential groove, the coil spring extends substantially the full annular length of the
groove. In doing so, the coil spring may form an annular coil spring having a continuous
length with no end. Such an annular spring may be permanently or temporarily formed by
temporarily or permanently shaping and securing one or multiple coil springs in a ring
configuration. Alternatively, the coil spring may have a terminal length, where the coil
spring has a first terminal end and a second terminal end defining the length of the spring. In
such occasions, a first end of the coil spring may be removably attached to the second end of
the spring or any other portion of the spring length to for a coil spring extending annularly
along the length of the circumferential groove and therefore form annular spring. In still
other variations, the coil spring having terminal ends may be otherwise secured into the
circumferential groove to extend substantially along the full annular length of the
circumferential groove. Likewise, a coil spring may be secured or simply placed without

constraint into any void or groove positioned along the top side of the tread.

[0026] It is understood that the coil spring is removable and may be reused for the same
purpose in subsequent retreading operations. 'This is achievable because the coil spring is not
substantially cured or bonded to the tread during curing operations. In particular
embodiments, the tread is a precured tread, which means that the tread is at least partially
cured, and accordingly, may be fully cured. In embodiments where the tread at least partially
cured, the coil spring is less apt to bond to, or become embedded within, the tread. However,
where the tread is uncured or not sufficiently cured, or when the top side void is exposed
along a bottom side of the tread, where the top side void is in communication with the
bonding layer arranged between the tread and the tire carcass, the tread and bonding layer
materials are more ductile and able to bond. Therefore, in such embodiments, it may be
possible for the coil spring to bond with, or become embedded within, the tread or the

bonding layer.
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[0027] Therefore, in particular embodiments, a removable and reusable coil spring is
provided by forming the coil spring, or any sleeve covering the coil spring, from a material
that does not generally bond with the tread material or the bonding layer material. Tor
example, the coil spring may be formed of a metal, including any grade of steel, alloyed steel,
or nickel. In more particular embodiments, the steel may comprise spring steel, carbon steel,
stainless steel, manganese steel, beryllium copper, inconel (a nickel-chrome alloy).
Furthermore, due to the exposure of heat during retreading operations, in particular
embodiments, the material from which the spring is formed may also be, or instead comprise
a high temperature material that is generally resistant to particular elevated temperatures.
This way, the coil spring better retains its properties and characteristics while being exposed
to elevated temperatures during curing operations, and even after the spring has been exposed
to numerous heat cycles as the spring is reused in multiple curing operations. While elevated
temperatures may comprise any desired curing temperature, in particular embodiments, for
example, curing temperatures may exceed 100 degrees Celsius and even rise to 130 to 140
degrees Celsius. Exemplary high temperature materials for forming the coil spring include
high temperature steels, such as carbon steels and chrome molybdenum steel, as well as high
temperature ceramics, plastics, and other polymeric materials. The coil may also be coated or
clad with a low-friction or non-stick coating to resist substantial bonding between the coil
spring and the tread. The low-friction or non-stick coating may also be a high temperature
resistant coating that is capable of resisting the curing temperatures and therefore able to
substantially maintain its properties and characteristics during curing operations. For
example, such a coating may comprise a Teflon® coating or a coating sold by Korolon™,
such as a polymer based coating with solid lubricants referred to as Korolon 700™, a
tungsten disulfide based coating with solid lubricants referred to as Korolon 800™, or a
nickel-chrome based coating with solid lubricants referred to as Korolon 1350™., Likewise,
with regard to the sleeve, the sleeve may be formed of, or coated with, any low-friction or
non-stick material, which may also be a high temperature resistant material. For example, the
sleeve may be formed of a flexible or elastomeric material, which may be coated with any
such coating, which allows the spring to expand and contract as desired. The sleeve may also
be formed from a ductile metal, which may extend less than the full length of the coil spring
to allow the spring to expand and contract beyond the ends of the sleeve and allow the spring
to be able to be mounted and dismounted from a top side void of a tread. In this way, the
sleeve may have a length less than the length of the top side void within which it is or will be

situated.
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[0028] In addition to preventing bonding, a removable coil spring is achieved when the
coil spring does not substantially penetrate, and therefore is not substantially cured into, a
thickness of the tread and/or of the bonding layer during curing operations. Otherwise, the
coil spring may not be removed without damaging the tread and the retreaded tire.
Accordingly, in this case only, the thickness of the spring wire may be increased and/or the
expansion of the coil spring may be reduced or eliminated such that the spacing between
helical windings of the spring wire are reduced in the expanded spring configuration. This
may be desired when the tread is not cured and/or when the spring is arranged along the
bonding layer when the void extends through the tread thickness and is exposed along the
tread bottom side. When reducing the expansion of the spring, a longer relaxed or
unstretched coil spring would be required if trying to arrange the less-expanded spring along

(that is span) the same length of the void.

[0029] The step of arranging the circumferential band may include expanding the coil
spring prior to arrangement around the retreaded tire and within the top side void. For
example, when employing an annular coil spring, the unstretched length of the coil spring is
smaller than the circumference of the assembled retreaded tire and the top side void formed
into the tread top side. For example, the unstretched length of the coil spring may be between
2% and 15% smaller than the circumference of the assembled retreaded tire or of the void
length. An exemplary coil spring is discussed below in conjunction with the figures filed

herewith.

[0030] Further steps of the present method may include the step of placing a curing
membrane around an outer circumference of the tread and at least a portion of the tire
carcass. It is understood that any known curing membrane to one of ordinary skill in the art,
and any obvious variation thereof, may be employed in performing this step. Curing
membranes are also referred to as curing envelopes within the industry. Generally, a curing
membrane includes an outer body, shell, or membrane having a tread portion extending
annularly to circumscribe the tread. The body includes a thickness and extends widthwise in
a lateral or axial direction. The outer body typically extends widthwise the full width of the
tread, and may extend further. The body may comprise one or more sections to achieve its
purpose of covering the outer tread surface and becoming sealed to create an interior
pressurization compartment between the tread and the curing membrane, which is at least
initially placed under vacuum pressure during retread curing operations to substantially

remove the air between the curing membrane and the tire assembly. Exemplary membranes
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may partially cover tire carcass, such as when the curing membrane extends down each
sidewall to engage a wheel upon which the tire carcass is mounted and cured. An exemplary
retread curing membrane fully encompassing the retreaded tire is discussed below in

conjunction with the figures filed herewith.

[0031] Particular embodiments of the present methods may include the step of curing the
retreaded tire with the coil spring arranged within the void and the curing membrane. To
form the retreaded tire, the assembled retreaded tire having an uncured bonding layer must be
cured to bond the new tread to the tire carcass. Any method known in the art using a curing
membrane may be employed to cure the retreaded tire assembly to form a retreaded tire. For
example, the assembled retreaded tire may be arranged within a curing chamber known as an
autoclave, where the tire is at least partially surrounded by air or other fluids heated and
pressurized according to desired curing formulas or laws. This may include applying
pressurized and heated fluids about the tire, or at least about an outer side of the assembled
retreaded tire. This may also include expanding a curing bladder, such as by filling the
curing bladder with a heated, pressurized fluid, within a central cavity of the tire carcass.
Accordingly, particular embodiments of methods for tire retreading further include the step of
placing the assembled retreaded tire with the curing membrane arranged thereabout into a
curing chamber. It is also noted that, as previously mentioned, in particular embodiments the
retreaded tire, as well as the curing membrane and coil spring, are exposed to elevated
temperatures during the curing process to facilitate bonding of the tread to the tire carcass.
For example, in particular embodiments, curing temperatures may rise to 130-140 degrees

Celsius.

[0032] Other variations may be employed based upon the curing system or method
employed. In particular embodiments, for example, the uncured, assembled retreaded tire is
placed at least partially within the curing membrane or envelope for at least curing operations
within a curing chamber. The curing membrane generally engages the outer side or surface
of the tire carcass and tread, to form a skin-like member thereon at least extending
circumferentially about the tire and laterally between opposing sidewalls and about the tread
of the assembled tire. Any known membrane known in the art may be used. Lor example,
one such membrane extends around the entire tire — circumferentially and laterally. By
further example, the tire may be mounted on a wheel while a membrane extends from
sidewall to sidewall about the tread. Regardless of the membrane employed, a compartment

is generally formed between the membrane and the tire (tread and/or tire carcass), which may
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be pressurized as desired during curing operations. The coil springs, by residing in the void,
allow the curing membrane to effectively press the coil spring against the bottom of the
groove, if not already arranged along the bottom of the groove, which in effect may either
maintain or, in some cases, increase the depth of the void. It follows that particular
embodiments of the present methods further include the step of removing the curing

membrane and the coil spring after the step of curing has been performed.

[0033] In testing particular embodiments of these retreading methods, uncoated steel coil
springs arranged within top side voids comprising longitudinal grooves. In certain tests, the
grooves extended depthwise to a groove bottom, while in other tests, the bottom of the
groove was exposed to the bonding layer. In each instance, it was found that, with use of
uncoated steel coil springs, deformation of the grooves was substantially avoided, narrowing
of the tread with was substantially improved, and the coil springs were removed without

bonding to, or becoming embedded within, the tread or bonding layer.

[0034] The methods discussed above will now be discussed below in association with

exemplary embodiments of the present invention.

[0035] As discussed above, any coil spring as contemplated herein is arranged around the
assembled retreaded tire and within the void arranged in a top side of a tire tread to resist the
tendency of the top side void to deform under the forces and pressures applied during curing
operations in the retreading process. With reference to FIGS. 1-3B, a retread tire assembly is
shown with a coil spring 20 arranged within various voids arranged along an outer, ground-
engaging side of the tread, the voids extending into a thickness of the tread from the outer,
ground-engaging side of the tread during retread tire curing operations. The assembly 10
includes a curing membrane 12 arranged about the outer surfaces of the tire assembly 10 and
any coil springs 20. Although any type of curing membrane may be employed, in the
embodiment shown in FIGS. 1-3, the curing membrane 12 comprises two sections
comprising an outer sleeve 14 arranged around a central tire portion including the tread, and
an inner sleeve 16 overlapping the outer sleeve and extending around the remaining portions
of the retreaded tire assembly, each sleeve extending annularly to form a ring or compartment

encircling the retreaded tire assembly.

[0036] Generally, with reference to FIGS. 1-3B, the retreaded tire assembly includes a
tire carcass 30, a tread 34, and a bonding layer 32 arranged between the tread and tire carcass.

The tread 34, comprising an elastomeric material such as natural and/or synthetic rubber, for
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example, generally forms a ring and is assembled about an outer circumference of the tire
carcass. The tread 34 or portions of the tread may be uncured, precured, or partially cured. A
bonding layer 32 arranged between the tread 34 and tire carcass 30 facilitates attachment of
the tread to the tire carcass. The bonding layer 32 may comprise any known material capable
of attaching the tread to the tire carcass, such as an adhesive or a curable elastomer or
polymer, which may comprise cushion gum, for example. It is understood that the bonding
layer may have any desired thickness. For example, the bonding layer thickness may extend
up to approximately 1 millimeter. In particular embodiments, the bonding layer may not be

employed, such as when a portion of the tread is uncured or partially cured.

[0037] The tread 34 has an outer, ground-engaging side 34,, also referred to as a top
side, configured to engage a ground surface during tire operation. The tread 34 also has an
inner, tire-bonding side 34, also referred to as a bottom side, configured to attach the tread
to the tire carcass 30. The bonding layer 32 is arranged between the bottom side 34; of the
tread 34 and the tire carcass 30. To achieve a desired tire performance, the tread 34 includes
one or more tread features comprising voids 36 extending into the depth or thickness of the
tread from the top side 34, of the tread. In the embodiments shown, voids 36 comprise
grooves, but in other embodiments, may comprise sipes, which generally form narrow
grooves. In particular, with reference to FIG. 1, grooves 36 may form longitudinal grooves
361.0nG Or lateral grooves 36p,1. The longitudinal grooves 36pong shown extend annularly
about the tread to form circumferential grooves. Furthermore, the longitudinal grooves have
a length extending in a lengthwise direction of the tread along a linear path. Still, in other
variations, the longitudinal grooves may have a length extending along any desired non-linear
path, as is well known in the art. For example, with reference to FIG. 6, a longitudinal
groove 36ronc is shown having a length L3g extending along a non-linear path, which zigs-
zags back-and-forth across the width of the tread 34 while extending generally in a
lengthwise direction of the tread. Accordingly, a length Ly of the coil spring arranged in
each non-linear groove 36 also extends longitudinally in a non-linear path as it navigates the

non-linear groove.

[0038] It is understood that the outer, ground-engaging side as well as at least a portion of
the tread thickness may be divided by an arrangement of voids and/or lateral tread edges into
a plurality of sub-regions each arranged atop a tread element. The tread elements may
comprise, for example, ribs or blocks of various shapes and sizes, where the tread elements

are at least partially formed by using one or more voids and/or a lateral tread edge to define a
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boundary of the ribs or blocks. Generally, ribs extend continuously around the tread
circumference, while blocks extend partially around the tread circumference. With reference
to FIG. 1, for example, the tread outer, ground-engaging side 34, is divided by top side
voids 36 and lateral tread edges 42 into a plurality of tread blocks 44 and ribs 46. In other
embodiments, such as where the tread blocks were not separated along a length of the tread

by top side voids, such as lateral grooves as shown in FIG. 1, a rib would be provided.

[0039] It is understood that a coil spring may be arranged at any location within the depth
of a void. For example, in the embodiment shown in FIG. 2, each coil spring 20 is arranged
within the depth D3¢ of each void 36, and more specifically, along a bottom 38 of each void
36, which comprises a longitudinal groove 36rong. 'The region of the tread thickness
arranged below the void bottom 38 and the tread bottom side 34, is referred to as the
undertread 40. The undertread may have any desired thickness, but may, in particular
instances comprise a very thin undertread having a thickness equal to or less than 3 to 4
millimeters or equal to or less than 1 millimeter. In the embodiment of FIG. 3A, however, no
undertread is arranged below each void 36, and therefore, each void is in communication with
the tread bottom side and with the bonding layer 32. In such instances, arranging each spring
36 at a bottom of the void comprises arranging a coil spring along the bonding layer 32. In
other embodiments, where one or more exposed voids remain in the tire carcass, such as
within and along the preexisting tread, arranging each spring at a bottom of the void includes
arranging the spring at least partially within an exposed void in the tire carcass. For example,
with reference to FIG. 3B, a coil spring 20 is shown arranged partially within each exposed
void 48 in a preexisting tread layer 31 within the tire carcass 30, where each such void

comprises a longitudinal groove.

[0040] If the coil spring does not fill the full depth of the void, it is understood that one or
more coil springs may be arranged or stacked at different depths within the void depth to
more fully consume or fill the volume within the void and support different portions of the
void. Furthermore, stacking two or more coil springs may provide additional support to the
void during curing operations, and may reduce the distance the curing membrane must extend
into the void to engage a coil spring, such as when desiring the curing membrane to push the
spring into the void bottom, against the bonding layer, or into a void arranged in the tire
carcass. It is, however, generally not necessary for the coil spring to completely fill the void,
since the curing membrane may extend into the void from the top side of the tread when the

curing membrane is placed under vacuum pressure and/or when pressure within the autoclave
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is applied to the outside of the curing membrane. In doing so, the curing membrane presses
against the top of the spring, which in turn causes the spring to secure the spring within the
void and even press the spring against the bottom and/or the sides of the groove in particular
embodiments, to thereby maintain the groove geometry during curing operations. In
instances such as in FIG. 3B, where the top side void extends fully through the tread
thickness, it is understood that the curing membrane 12 may deform and extend into the top
side void 36 and force the coil spring 20 into the bonding layer 32. In turn, the coil spring 20
deforms the bonding layer 32 to form a depression 33 in the bonding layer during curing
operations, which, in effect, forms a deeper final top side void 36 as it the depth D3¢ of the
void continues through the tread thickness and into the depression formed in the bonding

layer.

[0041] It is understood that the coil spring may have any desired width, and any width in
relation to a width of the void. For example, with further reference to FIGS. 2 through 3B,
the width Wy of each coil spring 20 is approximately equal to a width W3¢ of an occupying
void 36. The width of each top side void may be variable, such that the width of the void

varies along the length and/or depth of each such void.

[0042] It is understood that the coil spring may be arranged within any void in a relaxed
or unstretched arrangement or in a stretched or expanded arrangement. For example, with
reference to FIGS. 4A and 4B, a coil spring 20 comprising a tension spring is shown in a
relaxed or unstretched arrangement and a stretched or expanded arrangement, respectively. A
tension spring is designed to resist lengthwise stretching or expansion of the coil spring. It is
understood, however, that any coil spring may be employed. In the figures shown, it is noted
that each coil spring includes a spring wire 22 helically wound to form multiple windings 24,
where each winding comprises a 360 degree wound length of the wire. It is understood that
the spacing between each winding will increase between relaxed and expanded arrangements
of the spring; however, the spacing between each winding in the relaxed arrangement be a
zero distance (whereby no spacing exists) or any distance greater than zero (whereby a
spacing exists). For example, in the embodiment of FIG. 4A, each winding abuts each
adjacent winding of the wire 22 such that no spacing exists between adjacent windings in a
relaxed arrangement of the spring. By further example, with reference to FIG. 4B, in an
expanded arrangement, a spacing S»4 exists between adjacent windings. It is also noted in the
figures that the width W of each coil spring 20 is shown to generally remain constant over

the length Lo of the spring — that is, each winding 24 has the same general width. However,
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it is understood that the spring width may vary along a length of the spring, from coil winding
to winding. It is also noted that, in particular embodiments where the void extends through
the tread thickness and to a bottom side of the tread such that the spring engages the bonding
layer, such as is shown in FIG. 3A, for example, a closer spacing between windings may
reduce, deter, and even substantially prevent the bonding layer from consuming (that is,
penetrating) a portion of the coil spring by reducing, deterring, and even substantially
preventing bonding layer material from entering the spacing between windings. Therefore,
closer the winding spacing may be employed when the bonding layer material is more ductile
or free-flowing, while wider winding spacings may be employed when the bonding layer

material is less ductile or free-flowing.

[0043] As stated above, a coil spring may be coated with a low-friction composition, or a
sleeve may be arranged around the spring and along a length of the spring, to promote
removal of the coil spring from the tread at the conclusion of the retreading process. With
reference to FIG. §, for example, a sleeve 26 is shown arranged around a width Wy and
lateral perimeter of the spring. The sleeve may be formed of any desired material, which may
comprise any elastomeric, polymeric, or even metal material. Therefore, the sleeve may be
rigid, flexible, or deformable. By further example, sleeve may be formed of a corrugated
structure, such as corrugated tubing. The sleeve may be fixed to the coil spring or removably
arranged along the coil spring for easy replacement should the sleeve become damaged or

overused.

[0044] While this invention has been described with reference to particular embodiments
thereof, it shall be understood that such description is by way of illustration and not by way
of limitation. Accordingly, the scope and content of the invention are to be defined only by

the terms of the appended claims.
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CLAIMS

What is claimed is:

1.

A method of forming a retreaded tire comprising:

providing a tread having a top side configured to engage a ground surface during tire
operation and a bottom side configured for attachment to an annular tire carcass
configured for receiving the tread, the tread including a void extending into a thickness of
the tread from the top side of the tread;

arranging the tread around an outer circumference of the tire carcass in a desired
position to form an assembled retreaded tire;

arranging a coil spring within the void of the tread;

placing a curing membrane around an outer circumference of the tread, an outer
circumference of the circumferential band, and at least a portion of the tire carcass; and,

curing the assembled retreaded tire with the coil spring arranged within the void.
The method according to claim 1 further comprising the step of:

removing the curing membrane and the coil spring after the step of curing has been
performed.
The method according to claim 1, where the void has an annular length and the coil
spring has an annular length such that the annular length of the coil spring is arranged

along the annular length of the void.

The method according to claim 3, where the step of arranging a coil spring includes

expanding the coil spring prior to arrangement around the tread.

The method according to claim 3, where the coil spring has an unstretched length shorter

than the annular length of the void.

The method according to claim 3, where the coil spring is formed of a metal material.

The method according to claim 1, where the coil spring is arranged along a bottom of the

void.
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10.

11.

12.

13.

14.

15.

16.

17.

The method according to claim 3, where the coil spring is arranged along a bottom of the

void.

The method according to claim 7, where the coil spring arranged within the void has a

width approximately equal to a width of the void.

The method according to claim 3, where the coil spring is arranged along a bottom of the

void.

The method according to claim 1, where the coil spring arranged within the void has a

width approximately equal to a width of the void.

The method according to claim 1, where the void is a longitudinal groove extending

lengthwise in a longitudinal direction of the tread.

The method according to claim 12, where the void is continuous around the

circumference of the tread.

The method according to claim 12, where the longitudinal groove extends lengthwise in a

non-linear path to form a non-linear length of the longitudinal groove.

The method according to claim 1, where the longitudinal groove extends lengthwise in a

non-linear path to form a non-linear length of the longitudinal groove.

The method according to claim 1, where the coil spring includes a removable sleeve
arranged around a cross-sectional extent of the coil spring and along a length of the coil

spring.

The method according to claim 16, where the void has an annular length and the coil
spring has an annular length such that the annular length of the coil spring is arranged
along the annular length of the void, the sleeve extending substantially along the full

annular length of the coil spring.
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18. The method according to claim 17, where the void is a longitudinal groove extending

lengthwise in a longitudinal direction of the tread.

19. The method according to claim 18, where the void is continuous around the

circumference of the tread.

20. The method according to claim 18, where the longitudinal groove extends lengthwise in a

non-linear path to form a non-linear length of the longitudinal groove.
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