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(57) Abrege(suite)/Abstract(continued):
Includes a plurality of tread elements (48) such as sipes and/or grooves or other void.
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—ach tread element (48) has a first edge (64)

and a second edge (66) at the surface of the sole side (46) of the tread layer (40). At least one of the first edge (64) and second
edge (66) Is formed to have a break edge (84) such as a rounded edge or a chamfered edge of 0.4 mm or more. The break edge
(34) removes the sharp corner and provides Iincreased endurance for the retreaded tire (10).
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(54) Title: METHOD FOR IMPROVED RETREAD ENDURANCE

ot (57) Abstract: The present invention relates to a method of retreading a tire and a retread tire (10) made by this method. The method
& comprises the steps of providing a tread layer (40) having a tread side (44) and a sole side (46) wherein the surface of the sole side

& (46) includes a plurality of tread elements (48) such as sipes and/or grooves or other void. Each tread element (48) has a first edge
e\ (64) and a second edge (66) at the surface of the sole side (46) of the tread layer (40). At least one of the first edge (64) and second

edge (66) is formed to have a break edge (84) such as a rounded edge or a chamfered edge of 0.4 mm or more. The break edge (84)
removes the sharp corner and provides increased endurance for the retreaded tire (10).
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METHOD FOR IMPROVED RETREAD ENDURANCE

BACKGROUND OF THE INVENTION

Field of the Invention

10001] T'he present invention is in the field of re-treaded tires.

Description of the Related Art

[0002] When tires become worn, they can be restored with new tread. Large truck tires are
typically retreaded as part of a routine tire-management program. The carcass of a truck tire is
expected to last several hundred thousand miles and be amenable to having a new tread adhered
to 1t several times. New truck tires are quite expensive and are therefore bought with the
expectation that their high initial costs are offset by the long service life of the carcass and the
low comparative cost of retreading.

[0003] A variety of procedures and different types of equipment are available for use in
recapping or retreading pneumatic tires. One of the first steps in retreading a worn tire is to
remove existing tread material from the tire carcass by a sanding procedure known as buffing.
Next a layer of what is known as "cushion gum" is applied to the carcass. This layer of extruded,
uncured rubber may be stitched or adhesively bonded to the carcass. Next, a tread layer is
applied atop the layer of cushion gum. In the cold recapping process, the tread layer is cured
rubber, and has a tread pattern already impressed in its outer surface. The tire is then placed in

an autoclave, and heated under pressure for an appropriate time to induce curing of the gum

layer, and binding of the gum layer to the inner or sole side of the tread layer and the carcass.
The term "cure" refers to the formation of cross-links between the elastomer molecules in the
rubber compound. It is further noted that there are various methods of bonding the tread layer to
the carcass such as the use of adhesives, bonding agents, cushion gums, etc., and that all of the
methods known in the art are included when referring to the term "bonding interface".

[0004] A common problem with tires, including retreads, is that as the tire wears, the
traction-providing elements also wear, until eventually the elements are substantially wom away.
The result can be a significant reduction in traction for the worn tire. Efforts have been made to

develop a tread layer that has fread elements cut into the sole side (the side opposite the tread
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side) of the tread layer. The term "tread elements" refers '.to sipes, lateral grooves, and/or
longitudinal grooves or any other void formed in the tread. The tread elements molded into the
sole side of the tread layer appear as the tire wears, giving improved worn traction over the life
of the retread and allowing the tire to be removed from service later in life. One problem
identified in these earlier efforts is that a stress riser is created at the sharp edge of the interface

of the tread elements/bonding interface that provides a crack initiation point allowing the tread to

peel away from the tire carcass.

SUMMARY OF THE INVENTION

[0005] A particular embodiment of the present invention includes a tread for a retread tire
comprising: a tread body having a tread side and a sole side; and a plurality of tread elements
formed in the sole side of the tread body and having at least a first edge and a second edge on
opposing sides of each tread element of the plurality of tread elements at the interface of the
tread element and the surface of the sole side of the tread; wherein at least one of the first edge
and the second edge 1s a break edge of at least 0.4mm.

10006} Another parficular embodiment of the present invention includes a mold for a tread
comprising: a tread mmpression side for forming the tread pattern; a sole side for forming the sole
side of the tread, wherein the sole side includes a plurality of projections extending from the
surface of the sole side; wherein a radius or a chamfer is formed at the interface of the sole side
and each of the plurality of projections.

[0007] Another particular embodiment of the present invention includes a retread tire
comprising: a fire carcass; a tread layer having a tread side and a sole side, a plurality of tread
elements formed in the sole side of the tread body and having at least a first edge and a second
edge on opposing sides of each tread element of the plurality of tread elements at the interface of
the tread elemeht and the surface of the sole side of the tread; wherein at least one of the first
edge and the second edge is a break edge of at least 0.4mm; a bonding interface bonding the sole
side surface of the tread to the tire carcass.

[0008]  Another particular embodiment of the present invention includes a method of
retreading a tire comprising the steps of: proﬁidhg a tread layer having a fread side and a sole

side, wherein the surface of the sole side includes a plurality of tread elements, each of the
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plurality of tread elements having a first edge and a second edge at the interface of the tread
element and the surface of the sole side of the tread layer; and forming at least one of the first
and second edges of each tread element to have a break edge of 0.4mm or more.

[0009] These and other advantages will be apparent upon a review of the detailed description

of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
10010] F1G. 1 shows a partial cross-sectional view of a retread tire having tread elements

formed in the sole side of the tread layer in accordance with one embodiment of the mvention;
[0011] F1G. 2 shows a partial cross-sectional view of a tread layer mold for forming tread

elements in the sole side of the tread layer;

[0012] F1G. 3 shows a partial perspective view of a the sole side of the tread layer of FIG. 2
having a plurality of tread elements formed therein;

[0013] F1G. 4 shows a partial cross-sectional view of a tread layer mold for forming tread
elements having rounded edges or chamfered edges in the sole side of the tread layer in
accordance with an embodiment of the invention:

[0014] FIG. 5 shows a partial cross-sectional view of the tread layer/cushion layer interface
of a retread tire having a break edge on the edges of the tread element:

[0015] FIG. 6 shows a partial cross-sectional view of FIG. 5 further showing parameter
himits of the edges;

[0016] FIG. 7 shows a cross-sectional view of one embodiment for rounding at least one
edge of the tread elements on the sole side of the tread layer;

10017] FIG. 8 shows a detail perspective view of the rounded edge formed on the tread
elements of the sole side of the tread layer by the operation shown in FIG. 7;

[0018] F1G. 9 shows a partial cross-sectional view of the tread layer/cushion layer interface
of a retread tire having a break edge on one edge of the tread elements on the sole side of the

tread layer; and

10019] F1G. 10 shows a cross-sectional view of an embodiment for rounding both edges of

the tread elements on the sole side of the tread layer; and
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{0020} FIG. 11 shows a detail perspective view of the rounded edges formed on the tread

elements of the sole side of the tread layer.

DETAILED DESCRIPTION OF THE DRAWINGS
[0021} Referring now to FIG. 1, a partially exploded axial section of a retread tire 10 is

shown comprising a tire carcass 20, a cushion layer 30, and a tread layer 40 in accordance with a
tirst embodiment of the invention. The tread layer 40 comprises a band of cured rubber having a
tread pattern 42 formed in its outer surface 44. A plurality of tread elements 48 are also shown
formed 1n the inner surface 46, or sole side surface, of the tread layer 40. The cushion layer 30 is
positioned between the ready-to-retread tire carcass 20 and the tread layer 40. Once these
elements are assembled under normal retread procedures, the tire 10 is then placed in an
autoclave, and heated under pressure for an appropriate time to induce curing of the cushion
layer 30, and binding of the cushion layer 30 to the sole side surface 46 of the tread layer 40 and
the tire carcass 20. It 1s noted that, in the examples described herein, a cushion layer 30 is used
between the carcass 20 and the tread layer 40. This is for example only and is not intended to be
limiting on the invenfion. It is contemplated that the any type of bonding interface can be used
between the tread layer 40 and the tire carcass 20; e.g., adhesives.

[0022] The production of the tread layer 40 is shown in FIG. 2. Mold 50 has a tread
impression side 52 for formung the tread pattern 42 1n the outer surface 44 of the tread layer 40
and an interior side 54 for formmng the sole side 46 of the tread layer 40. The interior side 54
comprises fins 56 for forming tread elements 48 1n the sole side 46 of the tread layer 40.

[0023] When the tread layer 40 1s removed from the mold 50 as shown in FIG. 3, the tread
elements 48 are visible in the sole side surface 46. Referring back to FIG. 2, it is noted that the
fins 56 maybe perpendicular to the sole side surface 46 and that sharp corners 60 are formed at
the interface of the sole side surface 46 and the tread elements 48. The fins 56 may also be
transverse to the sole side surface 46, however, sharp corners will still be formed. The terms
"sharp corners” or "sharp edges" herein refers to a corner formed between two intersecting
surfaces, wherein each surface extends about 0.2 mm or less from the projected intersection point

of the surfaces or if the sharp corner exists as a radius, the radius is about 0.2mm or less.
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[0024] The sharp edges have a detrimental effect on the endurance of the retread tire 10.
The sharp edge acts as a stress riser that provides an increase in stress concentration at the sharp
edge which enables cracks to initiate along the bond interface of the cushion layer and the tread
layer. In order to improve the endurance of the retreaded tire 10 the sole side of the tread layer
and any sharp edges at the tread elements should be prevented or removed.

[0025] In one embodiment of the invention, as shown in FIG. 4, a mold 50' is used to form
the tread elements 48' in a manner that no sharp edges are formed. Mold 50' comprises fins 56',
56" for forming fread elements 48' in the sole side 46' of the tread layer 40'. Fins 56' have a
radius 57 formed at the interface of the fins 56' and the top or interior side 54' of the mold 50'.
Fins 56" have a chamfer 57 formed at the iterface of the fins 56" and the top or interior side 54"
of the mold 50'. Accordingly, the edges of the tread element 48' are formed at a break edge or
rounded edge when removed from the mold 50'.

[0026] Referring now to FIG. 5, a cross-sectional view of the tread layer/cushion layer
interface of a retread tire 1s shown wherein the edges of the sole side of the tread layer 40 have
been rounded. The terms "rounded edge", "broken edge", or "break edge" herein refers to a
corner formed between two intersecting surfaces, wherein each surface ends 0.4mm or more
from the projected intersection point of the surfaces or if the break edge exist as a radius, the
radius is 0.4mm or larger. This minmmmum value is referred to as a "break edge of 0.4mm." A
bond boundary 80 is shown between the cushion layer 30 and the tread layer 40. At the
boundary 80 i1t is shown that both the first edge 64 and the second edge 66 of the tread element
48 form a more rounded edge 84 with the cured cushion layer 30. The rounded edges 84 have
been shown to significantly improve the endurance of the retread tire 10.

[0027] [f the rounding of the sharp edges is completed by molding, the edges will typically

be in the form of a radius or in the form of a chamfer. Other methods of rounding the sharp
edges may also be used such as cutting, ablation, abrasion, etc. It is likely that when using these
other methods, the edges may be less uniform. For example, in an abrasion process, the edges

are likely to be torn off during the process. In such a case, the propagation of the tear will be

irregular as shown by the boundary 80 of FIG. 5. While the rounded corners have been
previously described as a break edge, the applicant has conducted testing that can be used to

better define the irregular surface using approximations to define the corner as a radius or as a
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chamier or as combinations of the two. Referring now to FIG. 6, which is similar to FIG. 5, but

now includes parameters related to the rounding of the sharp edges. The parameters shown are:

I the radius of the rounded edge feature whether or not it is molded torn or cut

h: the radial height between the surface of the sole side of the tread layer and end of
the wall surface of the tread element

0: the angle of the material removed with respect to the surface of the sole side of
the tread layer

W the width of the tread element

The Applicant has conducted testing and found general guidelines for these parameters
wherein the value of w is generally between 0.lmm to 10mm; the value of r is generally

between 0.5mm and 10mm; the value of h i1s generally between 0.4mm and 8mm; and the angle

of 0 1s generally between 5° and 85°. More particularly, the applicant has found that the
endurance of the retread tire 1s longest when the parameters are within the following ranges: w is
generally between 0.4mm to Smm; the value of r is generally between 1mm and 5mm; the value
of h 1s generally between 1mm and 5mm; and the angle of 0 is generally between 15° and 55°.

[0028] Referring now to FIG. 7, another embodiment of the invention is shown for rounding
the edges of the tread elements 48 on the sole side 46 of the tread layer 40. A rotating abrasion
system 70 1s shown which may include, for example, a grinding wheel or wire brush. The tread

layer 40 moves in a single direction 72 past the fixed abrasion system 70. The abrasion system

70 rounds at least one of the first edge 64 and the second edge 66. As shown in FIG. 7, the first

edge 64 of the tread element 48 pushes away from the abrasion system 70 whereas the second
edge 66 of the tread element 48 1s torn away (marked at element 74) from the tread layer 40
creating a break edge 84.

[0029] This result is best shown in FIG. 8 which shows a detail perspective view of the
abraded surface 76 formed adjacent the tread elements 48 of the sole side of the tread layer 40 by
the abrasion system operation of FIG. 7. As shown in FIG. 8, the second edge 66 of the tread
element 48 is abraded by the abrasion system 70 to form a break edge 84 whereas the first edge

64 of the tread element 48 is not abraded by the abrasion system 70 and remains as a sharp
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corner 82. It 1s also noted that the first edge 64 of the tread element 48 may still covered with

mold release agent.

[0030] Referring now to FIG. 9, a cross-sectional view of the tread layer/cushion layer

iterface of a retread tire is shown wherein the sole side of the tread layer 40 was formed by the
abrasion system 70 process shown in FIG. 7. A bond boundary 80 is shown between the cushion
layer 30 and the tread layer 40. At the boundary 80 it is shown that the first edge 64 of the tread
element 48 forms a sharp edge 82 with the cured cushion layer 30. The second edge 66 of the
tread element 48 forms a more rounded or broken edge 84 with the cured cushion layer 30.

[0031] Referrmg now to FIG. 10, another embodiment of the invention is shown for
rounding the edges of the tread elements 48 on the sole side 46 of the tread layer 40. The
rotating abrasion system 70 is now shown with the tread layer 40, as already processed as shown
mm FIGS. 7 and 8. The tread layer 40 is reversed such that it moves in a second effective
direction 72 past the fixed abrasion system 70. The abrasion system 70 now rounds the second
edge 66 creating a break edge 84.

[0032] This result is best shown in FIG. 11 which shows a detail perspective view of the
abraded surface 76 formed adjacent the tread elements 48 of the sole side of the tread layer 40 by
the abrasion system operation of FIG. 10. As shown in FIG. 11, both the first edge 64 and the \
second edge 66 of the tread element 48 have been abraded by the abrasion system 70 to form a
break edge 84 on each side of the tread element 48. It is further noted that the abraded surface
76 1s roughened or textured by the abrasion system 70 which also helps create a stronger bond
for the tread layer 40. The abrasion process modification to obtain this geometry is a function of
the feed rate, vertical pressure, the tool used for the abrasion (for example, a wire brush or
grinding stone) and material cohesion of the tread layer. With the use of the mold 50' to obtain
rounded edges 84 for the tread elements 48 other texture processes may be appropriate such as,
but not limited to, plasma blasting, sand blasting, carbon dioxide blasting, cutting, laser ablation,
or water jet.

[0033] While this invention has been described with reference to preferred 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 present invention are to be defined only by

the terms of the appended claims.
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CLAIMS

What 1s claimed is:

L. A tread for a retread tire comprising:
a tread body having a tread side and a sole side; and
a plurality of tread elements formed in the sole side of the tread body and having at least

a first edge and a second edge on opposing sides of each tread element of the plarality of tread
elements at the interface of the tread element and the surface of the sole side of the tread;

wherein at least one of the first edge and the second edge has a break edge of at least

0.4mm.

2. The tread of claim 1, wherein at least one of the first edge and the second edge is formed

at least in part as a radius, r, generally between 0.5mm and 10mm.

3. The tread of claim 1, wherein at least one of the first edge and the second edge is formed
at least in part as a chamfer having a height, h, generally between 0.4mm and 8mm at an angle,
0, between 5° and 85°.

4. The tread of claim 1, wherein at least one of the first edge and the second edge is formed

at least 1n part as a radius, r, generally between 1mm and Smm.

5. The tread of claim 1, wherein at least one of the first edge and the second edge is formed
at least m part as a chamfer having a height, h, generally between 1mm and Smm at an angle, O,

between 15° and 55°.

6. The tread of claim 1, wherein both the first edge and the second edge have a break edge

of at least 0.4mm.

7. The tread of claim 6, wherein each of the first edge and the second edge is formed at least

1n part as a radius, r, generally between 0.5mm and 10mm.
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3. The tread of claim 6, wherein each of the first edge and the second edge is formed at least
in part as a chamfer having a height, h, generally between 0.4mm and 8mm at an angle, O,

between 5° and 85°.

9. The tread of claim 6, wherein the each of the first edge and the second edge is formed at

least in part as a radius, r, generally between 1mm and Smm.

10. The tread of claim 6, wherein the tread element has a cross-sectional width, w, of 0.4mm

to Smm and each of the first edge and the second edge is formed at least in part as a chamfer

having a height, b, generally between 1mm and 5mm at an angle, 0, between 15° and 55°.

11. A mold for a tread comprising:

a tread 1mpression side for forming the tread pattern;

a sole side for forming the sole side of the tread, wherein the sole side includes a plurality
of projections generally extending from the surface of the sole side;

wherein a radius or a chamfer is formed at the interface of the sole side and each of the

plurality of projections.

12. The mold of claim 11, wherein a radius is formed at the interface of the sole side and

each of the plurality of projections and the radius is generally between 1mm and 5mm.

13. The mold of claim 11, wherein a chamfer is formed at the interface of the sole side and

each of the plurality of projections and the chamfer having a height, h, genei‘ally beltween Imm

and Smm at an angle, 6, between 15° and 55°.
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14. A retread tire comprising:
a tire carcass:

a tread layer having a tread side and a sole side,

a plurality of tread elements formed in the sole side of the tread body and having at least

a first edge and a second edge on opposing sides of each of the plurality of tread elements at the

interface of the tread element and the surface of the sole side of the tread;

wherein at least one of the first edge and the second edge is a break edge of at least

0.4mm;

a bonding mterface bonding the sole side surface of the tread to the tire carcass.

15. The retread tire of claim 14, wherein at least one of the first edge and the sccond edge is

formed at least in part as a radius, r, generally between 0.5mm and 10mm.

16.  The retread tire of claim 14, wherein at least one of the first edge and the second edge is
formed at least in part as a chamfer having a height, h, generally between 0.4mn; and 8mm at an

angle, 0, between 5° and 85°.

17. T'he retread tire of claim 14, wherein at least one of the first edge and the second edge is

formed at least in part as a radius, r, generally between 1mm and Smm.
18. The retread tire of claim 14, wherein at least one of the first edge and the second edge is

formed at least in part as a chamfer having a height, h, generally between 1mm and 5mm at an
angle, 0, between 15° and 55°.

19. The retread tire of claim 14, wherein both the first edge and the second edge have a break

edge of at least 0.4mm.

20. The retread tire of claim 19, wherein each of the first edge and the second edge is formed

at least in part as a radius, r, generally between 0.5mm and 10mm.

10
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21.  The retread tire of claim 19, wherein each of the first edge and the second ed ge 1s formed

at least in part as a chamfer having a height, h, generally between 0.4mm and 8mm at an angle,

0, between 5° and 85°.

22. Fhe retread tire of claim 19, wherein each of the first edge and the second edge is formed

at least in part as a radius, r, generally between Imm and 5mm.

23. The retread tire of claim 19, wherein each of the first edge and the second edge is formed

]e

at least 1n part as a chamfer having a height, h, generally between 1mm and 5mm at an angle, 0,
between 15° and 55°.

24, A method of retreading a tire comprising the steps of:

molding a tread layer having a tread side and a sole side, wherein the surface of the sole
side includes a plurality of tread elements, each of the plurality of tread elements having a first
edge and a second edge at the interface of the tread element and the surface of the sole side of the

tread layer;

forming at least one of the first and second edges of each tread element to have a break

edge of 0.4mm or more.

23. The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:

molding at least one of the first edge and the second edge as a radius or a chamfer when

the tread layer is initially molded.

25. The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:

11
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molding both the first edge and the second edge as a radius or a chamfer when the tread

layer is initially molded.

26. The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:

cutting at least one of the first edge and the second edge.

27. The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:

cutting both the first edge and the second edge.

28.  The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:

abrading at least one of the first edge and the second edge.

28. ‘The method of claim 24, wherein the step of forming at least one of the first and second

edges of each tread element to have a break edge of 0.4mm or more is accomplished by the step
of:
abrading both of the first edge and the second edge.
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