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PCT PATENT APPLICATION

TITLE: AUTOMATED SURFACE PREPARATIONS FOR
THE INNER SURFACE OF A TIRE

BACKGROUND OF THE INVENTION

[0001] In order to apply a patch to the inside of a tire, various treatments are generally
required. While typically a certain amount of tire material or other features must be removed
from the inside of the tire, several different preparations are employed depending upon the
patch and application. For example, applying a patch requires removal of a non-stick coating
from the inner surface of the tire, removal of dirt or debris, removal of a bladder imprint,
removal of a sufficient depth of material desired for installing the patch, applying a texture to
the surface for receipt of the patch, removal of an old patch or other features, and/or other
treatments. As used herein, “patch” shall be understood to include a material being added to
the inner surface of the tire for purposes of repair as well as a device carrying various
components such as e.g., electronic sensors, RFIDs, etc.

[0002]) In preparing for patch application, various tools and manual techniques may be
used for treating the inside of the tire including blasting with e.g., sand, cryogenic treatment
with e.g., carbon dioxide ice, laser ablation, water jet blasting, hot knife treatment, and/or
grinding with an abrasive material. However, difficulties are encountered with each
approach. For example, removal of the inner tire material manually using a grinding tool,

e.g., an abrasive wheel or similar tool, can require considerable skill and strength. An
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operator must react to the torque created by contact between the spinning grinder and the
inner surface while controlling the movement of the grinder so that the inner tire material 1s
removed from only a predetermined area having a certain size and shape - referred to herein
as the target area. In addition, the depth of material removed must be controlled to ensure
that only the desired amount is removed and, typically, to ensure that removal is either
uniform over the target area or follows a particular depth profile. Such grinding operations
can be particularly challenging when the tire is damaged at the target area or has raised
features at the target area. In addition, grinding the inner surface of the tire requires operating
the grinding tool inside the tire, which increases the difficulty of such operations due to the
narrow space available. Not only must the grinding tool be able to fit inside the tire, but
manual operations also require that an operator be able to manipulate the grinding tool
therein. Automating the grinding process faces additional problems including repeatedly
positioning the grinder at the proper location within tires that vary vin geometry, dimensions,
and surface features between different models and sizes. Similar problems are also
encountered with the other tools and manual techniques referenced above.

[0003] Therefore, advantageous solutions that allow for automation and other
improvements in treatment preparations for patch application along the inside of various tires
are needed. Advantageous solutions that can be used with a variety of tools and treatment

techniques as mentioned above would be particularly beneficial.

SUMMARY OF THE INVENTION

[0004] A summary of exemplary embodiments and methods of the present invention will

be set forth here. Using the description provided herein, one skilled in the art will understand
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that additional exemplary embodiments and methods are within the scope of the present
invention.

[0005] In one exemplary aspect of the present invention, a method for preparing the
inside of a tire is provided and includes the steps of identifying a target area for preparing that
is located on the inner surface of the tire, scanning the target area so as to acquire data
regarding the inner surface of the tire at the target area, determining a treatment path using
the data regarding the inner surface of the tire, treating the inside of the tire using a treatment
tool, and positioning the tool along the treatment path during the treating step.

[0006] Variations to this method afe within the scope of the present invention. For
example, the positioning step can include rotating the tire by a predetermined amount. The
step of determining a treatment path may include applying dimensional information regarding
a patch to be applied to the inside of the tire at the target area. A step for determining
whether the tire is skewed relative to the treatment tool may be added. A step of acquiring
reference data regarding the physical dimensions of the tire from, for example, an operator or
a database may be included for use in determining the treatment path. The treatment path
may also be determined by applying information regarding the depth and profile of material
to be ground from the inside of the tire and/or dimensional information regarding the
treatment tool. The target area for the treatment path may include a feature that is to be
removed from the inside of the tire. The target area may be identified with reference to the
distancé from at least one bead of the tire. A variety of treatment tools and techniques may
be used for treating the inside éfthe tire including blasting with e.g., sand, cryogenic
treatment with e.g., carbon dioxide ice, laser ablation, water jet blasting, hot knife treatment,

and/or grinding with an abrasive material. A mapping step may be included so as to provide
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dimensional information regarding the tire for use during the scanning step (a description of
exemplary methods for scanning and exemplary methods for mapping are provided below).
[0007) In another exemplary embodiment, the present invention includes an apparatus for
preparing the inside of a tire. Such exemplary apparatus includes a treatment tool, a surface
measuring device, a transport device configured for carrying and positioning the treatment
tool and the surface measuring device relative to the inner surface of the tire, and a rotatable
tire support configured for receipt of the tire, the tire support configured for rotating the tire
along the circumferential directions.

[0008] In another exemplary embodiment, the present invention includes a computer
program for operating a machine according to the methods of the present invention as
described herein.

[0009] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve

to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill in the art, is set forth in the specification, which
makes reference to the appended figures, in which:

[0011] Fig. 1 is a perspective view of an exemplary embodiment of the present invention.
[0012] Fig. 2 is an elevation view of the exemplary embodiment of Fig. 1 with directional

arrows to show certain moveable elements, and a tire shown in cross-section.
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[0013] Fig. 3 and Fig. 4 are cross-sectional views of the tire illustrating scanning and tire
treatment operations (e.g., grinding) using the exemplary embodiment of Figs. 1 and 2.
[0014] Fig. 5 illustrates one example of a target area. Other shapes with varying
dimensions over a variety of depths may also be used.

[0015] Fig. 6 is a cross-section view of a tire at particular circumferential position

illustrating a mapping step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0016] Objects and advantages of the invention will be set forth in the following
description, or may be apparent from the description, or may be learned through practice of
the invention. The figures illustrate an exemplary embodiment that may be used to practice
the present invention. Using the teachings disclosed herein, it should be understood that the
present invention is not limited to the exemplary embodiment of the figures and other
embodiments may be utilized.
[0017] As used herein, “target area” refers to a portion of the inside of a tire that is
intended for preparation such that e.g., a patch can be applied. Such preparation may include
treating the inside surface of the tire, treating one or more layers below the inside surface of
the tire, and/or removal of material from the inside of the tire in a variety of different shapes
and dimensions. For example, the target area can be a portion on the inside of the tire that is
being textured for patch application and can include an area where any amount of material is
being removed in a variety of shapes and depths as desired depending upon the application.
As such, the identified target area may represent a damaged area of the tire where a patch will

be applied, a position where a patch with features (e.g., electronic sensors) will be applied, or
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a location where another feature (e.g., a patch) is to be removed. Multiple target areas may
be identified for a single tire.

[0018] As used herein, “scanning” refers to the collection of physical data regarding the
inside of a particular tire.

[0019] As used herein, “mapping” refers to the collection of physical data regarding the
inside of a typical tire for purposes of reference when scanning the same tire or tires of the
same or similar size and/or model.

[0020] Referring now to Figs. 1 and 2, frame 100 includes a rotatable tire support 105
upon which a tire 10 is positioned. Tire support 105 can be rotated in either direction about
axis Z-Z such that tire 10 can be rotated along its circumferential directions C. For example,
tire support 105 may be driven by a servo motor linked to a controller (not shown) to position
tire 10 as desired circumferentially. Reference lines 20 and 30 provide indicia that can be
used to orient tire 10 at a particular position circumferentially upon support 105 and to
observe the amount of circumferential rotation as line 30 moves relative to line 20 along the
circumferential directions C of tire 10. Specifically, a target area on the inner surface 50 of
tire 10 intended for grinding operations can be centered directly over reference line 30 at the
beginning of such operations. Tire support 105 also includes adjustable positioning pins 110
and clamps 115, 116, and 117 for the receipt of tire 10. For example, pins 110 assist with
centering tire 10 properly upon tire support 105 while clamps 115-117 are used to secure tire
10 into place once properly positioned. Clamps 116 and 117 are used to spread open the tire
10 by pulling against the bead 40 of tire 10 (Fig. 2). The desired target area is positioned
between clamps 116 and 117. The relative positions of pins 110 and clamps 115-117 may be
adjusted for various sizes of tire 10 by, for example, providing a series of apertures on

support 105 into which pins 110 and clamps 115-117 may be repositioned. Other positioning
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mechanisms may be used with the present invention as well. By way of example, additional
clamps may be included so that both beads of the tire 10 are clamped and/or pulled apart to
further spread open the tire 10.

[0021] Continuing with Figs. 1 and 2, frame 100 also supports a transport device 120
that is movable along both the axial directions A and radial directions R of tire 10. Transport
device 120 includes tracks 125 and 130. Servos linked to a controller are used to move
transport device 120 along tracks 125 and 130 so that positioning relative to tire 10 may be
precisely determined. Transport device 120 carries both a treatment tool, e.g. grind unit 135,
and a surface measuring device 140. Grind unit 135 and device 140 are rotatable about an
axis 145 (Fig. 1 & 4) as illustrated by arrows G (Figs. 2, 3, and 4). Rotation about axis 145
allows for positioning either grind unit 135 or surface measuring device 140 adjacent to the
inner surface 50 of tire 10 and for controlling the relative movement of grind unit 135 during
grinding operations. For example, rotation about axis 145 may be precisely controlled by a
servo linked to a controller. Grind unit 135 and surface measuring device 140 are shown
oriented 180 degrees from each other about axis 145 but numerous other relative orientations
may be employed. Similarly, while the figures illustrate the use of grind unit 135, numerous
other tools and techniques including those previously identified may be useci as a treatment
tool in lieu of grind unit 135.

[0022] A variety of equipment may also be used for surface measuring device 140. For
the exemplary embodiment of Figs. 1 through 5, surface measuring device 140 includes a
laser sensor that can be used to map and/or scan the inner surface 50 of tire 10. More
specifically, és shown in Fig. 3, the laser sensor 140 may scan the inner surface 50 at the
identified target area to acquire various data for the particular tire 10 including, for example,

the relative location of the target area along inner surface 50, the shape of inner surface 50,
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the presence of raised features or depressions at the target area along inner surface 50, and/or
other data important to determining a treatment path (e.g., a grinding path for grind unit 135)
during the intended treatment operation. The present invention is not limited to the use of a
laser sensor for surface measuring device 140. Other surface measuring devices may be used
including, for example, a mechanical device such as a finger, probe, or wheel that is moved
across inner surface 50 to map and/or scan its shape and location.

[0023] A variety of techniques may be used for scanning inner surface 50 depending
upon the amount or type of information desired and the particular measuring device 140
employed. Referring now to Fig. 5, surface measuring device 140 may be used to scan the
entire inner surface 50 of the target area 55. Alternatively, surface measuring device 140
might sample only representative data from various locations at the target area. For example,
device 140 might be used to scan only the outer boundaries 60 and 65 of the target area
and/or only certain positions within the target area. Various algorithms may then be applied
to provide a representative topography or scanning of the target area. In one exemplary
technique, the boundaries 60 and 65 (located at two different circumferential positions of the
target area 55) are scanned by moving the surface measuring device 140 in the axial
directions A along each of boundaries 60 and 65 to provide a surface profile for each such
boundary 60 and 65. Linear interpolation between the two profiles (adjusted for the skew, if
any, of the tire) may be used to provide representative data regarding the inner surface of the
tire at the target area 55. In another exemplary technique, the boundaries 60 and 65 as well as
the center line 70 of the target area 55 are scanned and then averaged or interpolated. Using
the teachings disclosed herein, one of skill in the art will understand that other techniques
may be employed as well. As mentioned, the surface measuring device 140 may also

determine whether tire 10 is skewed i.e., whether the inner surface 50 is not at a substantially
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uniform distance from axis Z-Z about the circumference of tire 10. Knowing whether tire 10
1s skewed can be particularly important to providing a grinding path that removes a
substantially uniform amount of material at the target area.

[0024] In order to provide for the repeatable, accurate scanning with surface measuring
device 140 among tires differing in dimensions and shape between various models and sizes,
it may be necessary to map a representative tire for each size and/or model so as to provide
reference data for use by the controller. More specifically, in order to allow the controller to
repeatedly position the surface measuring device 140 inside different sizes tires and to
properly move the device 140 while scanning the target area, the controller may need to apply
reference data including general physical information for the particular tire to be treated. For
example, if device 140 is a laser sensor having a specific range limitation, such reference data
allows the controller to position device 140 at least within range of the inside of a particular
tire for purposes of then scanning that tire to acquire more detailed and specific information
for use in determining a treatment path for treatment tool 135.

[0025] Such mapping step may be accomplished using a variety of techniques, and an
example of one such technique'will be described using the cross-section of tire 10 as shown
in Fig. 6. In order to acquire reference data for the particular size and model of tire 10,
surface measuring device 140 maps the inside of tire 10 along five data profiles 75. More
specifically, the inside surface 50 of tire 10 is divided into five data profiles 75 between
beads 80 along a particular circumferential position of tire 10. Using dimensional
information provided from, for example, structural drawings of tire 10, the controller moves
sensing device 140 along each of the five data profiles 75 while device 140 collects
information regarding the profile and/or location of the inside surface 50. If the measurement

of a particular location falls outside the range of the sensing device 140, the machine searches
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for the inside surface 50 using positioning approximations until the sensing device 140 is
back in range. The information is then stored or recorded for subsequent access during the
scanning step as described above. Such mapping step can be performed for representative
tire models and tire sizes for which patch applications are anticipated. Using the teachings
disclosed herein, one skilled in the art will understand that other mapping steps may be used
for purposes of providing reference data for different tires. By way of example, more or less
than five data profiles 75 may be used in order to obtain representative data. As a further
example, the reference data determined from the mapping step may include - for each tire
size and model - the distance between the beads of the tire, the surface distance between the
beads of the tire, the diameter of tire between the beads, the diameter of the tire at the inner
surface 50 in the crown region of the tire, the diameter of the tire, and/or other dimensional
data.

[0026] Accordingly, an exemplary method for treating a target area on the inner surface
50 of tire 10 will now be described with reference to all figures. As previously described, tire
10 is substantially centered upon rotatable tire support 105 using pins 110. The target area
identified for treatment (e.g., grinding) is positioned above or adjacent to reference line 30
and between clamps 116 and 117. Of course, the target area can be located elsewhere and
then rotated into the desired position by tire support 105. Clamps 115-117 are adjusted to
secure tire 10 into place, and clamps 116 and 117 open up the inside of tire 10 by pulling
bead 40 towards tire support 105 as shown in Figs. 2, 3, and 4. Pulling bead 40 as described
facilitates positioning and operation of the treatment tool such as grind unit 135 and/or the
surface measuring device 140 inside tire 10.

10027] Reference data regarding the particular size and model of tire 10 may be provided

to a controller (e.g., a computer) that operates transport device 120 and tire support 105. An
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operator may, for example, manually enter dimensional data regarding tire 10. Alternatively,
the reference data may be stored electronically from the mapping step described above and
then provided to the controller upon the operator identifying the tire size and model. As
previously indicated, the reference information allows the controller to accurately move
transport device 120 along tracks 125 and 130 so as to place the surface measuring device
140 inside tire 10 and in the proximity of inner surface 50, preferably near the center of the
crown region as shown in Fig. 3. From this center position, surface measuring device 140 is
then used to collect information regarding whether the tire is skewed such that corrections
must be included when determining a treatment path for treatment tool 135.

[0028] Typically, additional information provided to the controller will include the size
and shape of the target area desired for grinding, the location of the target area relative to e.g.,
the beads of tire 10, and the depth to be ground at the target area. Other parameters for
controlling the grinding operation may be specified such as whether to grind in layers, the
speed of the grinder (rotational speed and/or grind path speed), and the amount of overlap
between grinding passes. Dimensional information about grind unit 135, such as its physical
dimensions including the width and shape of the abrasive surface employed, the coarseness of
the abrasive material, and other information may also be provided to the controller for use in
determining the proper grinding path. Because of the precise movements and control of the
abrasive surface that can be obtained with the present invention, a coarser abrasive tool may
be used than was previously practical in manual grinding operations. For example, an
abrasive wheel with coarseness MCM-90, coated by L.R. Oliver & Company, Inc. of
Cottrellville, Michigan, was repeatedly employed with an exemplary embodiment of the

present invention.
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[0029] Once in position inside tire 10 as shown in Fig. 3, surface measuring device 140
then moves to the identified target area. Using reference data from the mapping step, the
surface measuring device 140 is then moved along the previously mapped profile to scan the
target area as already described above so as to determine e.g., the profile of the inner surface
50, the relative position of the inner surface 50, and/or the presence of other features on the
inner surface 50 at the target areas. Using this data regarding the inner surface 50 in
conjunction with other information previously described, the controller then determines a
treatment path. More specifically, where a grinding tool 135 is being using for treatment, the
controller determines the precise, coordinated movements of transport device 120, rotation of
tire support 105, and rotation G about axis 145 that will grind the target area of the inner
surface 50 as desired.

[0030] Surface measuring device 140 is rotated about axis 145 to place grinding unit 135
into position relative to the inner surface 50. The grind unit 135 is activated so that the
grinder rotates as illustrated by arrow L in Fig. 4. Although shown in a counterclockwise
rotation L, grind unit 135 may be rotated in either direction for grinding. Upon being placed
into contact with inner surface 50, material is removed from inner surface 50. The controller
then moves the transport device 120 and/or rotates the grind unit 135 about axis 145
according to the predetermined grinding path. In addition, tire support 105 may also be
simultaneously rotated in order to maintain the predetermined grinding path while the grind
unit 135 is grinding material from tire 10.

[0031] For example, in order to obtain a predetermined shape for the target area (e.g.,
rectangular on a toroid surface), it may be necessary that tire 10 is also rotated during
grinding operations according to the position of the grind unit 135 relative to the target area

and the distance of the grind unit 135 from the center of tire 10. This simultaneous rotation
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of tire 10 about axis ZZ, rotation of grind unit 135 about axis 145, and movement of transport
device 120 along tracks 125 and 130 allows multiple variations in the geometry of the
material ground from the target area including variations in size, shape, location, uniformity,
and thickness. Alternatively, the grinding path can include other variations that do not
require such simultaneous movements. For example, once the removal of material is
completed at a particular circumferential position on the inner surface of tire 10, the
controller can rotate tire support 105. At this new circumferential position, the controller
then again moves the transport device 120 and/or rotates the grind unit 135 about axis 145
according to the predetermined grinding path. The grind unit 135 may be also be lifted from
and then reapplied to inner surface 50 during grinding operations if desired. Regardless,
these steps can be repeated until the desired grinding operation is completed. Using the
teachings disclosed herein, one of skill in the art will understand that other variations in the
method of grinding are within the scope of the present invention.

[0032] Finally, the physical dimensions of g;inding unit 135 also help determine the
circumferential width of material ground from the target area and may be included in
determining the desired grinding path for the target area. For example, the shape, width,
and/or diameter of a grinding wheel or other abrasive surface may be considered in
determining the grinding path. Once grinding operations are completed, the controller
moves the transport device 120 so as to remove grinding unit 135 and surface measuring
device 140 from inside the tire 10. Again, variations in the particular sequence of movements
of the grind unit 135 may also be used in accordance with the present invention as will be
understood by one skilled in the art using this exemplary description.

[0033] The present invention also includes software e.g., a computer program for

operating a machine according to the exemplary methods described above. For example, a
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computer program may be embodied on a computer readable storage medium provided to
store instructions for operating the machine. Such program could include, for example,
identifying instructions for identifying the target area 55 for preparing that is located on the
inner surface 50 of tire 10. Scanning instructions would be provided for scanning the target
area 55 so as to acquire data regarding the inner surface 50 of the tire 10 at the target area 55.
Determining instructions in the program would provide for determining a treatment path
using the data regarding the inner surface 50 of the tire 10. The program would include
treating instructions for treating the inside of the tire 10 using a treatment tool 135 as
described above. Positioning instructions would provide for positioning the treatment tool
135, using e.g., transport device 120, along the treatment path during the treating step.

[0034] Variations and additional steps may be provided with the program to operate the
machine according to the exemplary methods already described above. For example, the
scanning instructions could include instructions for providing least two parallel scans across
the inside surface 50 of the tire 10 with linear interpolation between those scans to provide a
representative topography. Mapping instructions could also be provided for deten’nir;ing
reference physical data for a typical tire as set forth above.

[0035] While the present subject matter has been described in detail with respect to
specific exemplary embodiments and methods thereof, it will be appreciated that those skilled
in the art, upon attaining an understanding of the foregoing may readily produce alterations
to, variations of, and equivalents to such embodiments. Accordingly, the scope of the present
disclosure is by way of example rather than by way of limitation, and the subject disclosure
does not preclude inclusion of such modifications, variations and/or additions to the present

subject matter as would be readily apparent to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:

1. A method for preparing the inside of a tire, the tire having an inner surface, the
method comprising the steps of:
identifying a target area for preparing that is located on the inner surface of the tire;
scanning the target area so as to acquire data regarding the inner surface of the tire at
5  the target area;
determining a treatment path using the data regarding the inner surface of the tire;
treating the inside of the tire using a treatment tool; and

positioning the tool along the treatment path during said treating step.

N

A method for preparing the inside of a tire as in claim 1, wherein said positioning step

further comprises rotating the tire.

-3 A method for preparing the inside of a tire as in claim 1, wherein said step of
determining a treatment path further comprises applying dimensional information regarding a

patch to be applied to the inside of the tire at the target area.

4, A method for preparing the inside of a tire as in claim 1, further comprising the step

of determining whether the tire is skewed relative to the treatment tool.

5. A method for preparing the inside of a tire as in claim 1, further comprising the step

of acquiring data regarding the physical dimensions of the tire.
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6. A method for preparing the inside of a tire as in claim 1, wherein said step of
determining a treatment path further comprises applying information regarding the depth and

profile of material to be removed from the inside of the tire.

7. A method for preparing the inside of a tire as in claim 1, wherein said identifying a

target area step comprises specifying a distance from at least one bead of the tire.

8. A method for preparing the inside of a tire as in claim 1, wherein said target area

comprises a feature to be removed from the inner surface of the tire.

9. A method for preparing the inside of a tire as in claim 1, wherein the treatment tool

used during said treating step comprises a grinding unit.

10. A method for preparing the inside of a tire as in claim 9, wherein said step of
determining a treatment path further comprises applying information regarding the geometry

of the grinding unit.

11. A method for preparing the inside of a tire as in claim 1, the method further
comprising the step of mapping so as to provide dimensional information regarding the tire

for use during said scanning step.

12. An apparatus for preparing the inside of a tire, the tire defining circumferential
directions, the apparatus comprising:

a treatment tool;
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a surface measuring device,

a transport device configured for carrying and positioning said treatment tool and said
surface measuring device relative to the inner surface of the tire;

a rotatable tire support configured for receipt of the tire, the tire support configured

for rotating the tire along the circumferential directions.

13. An apparatus for preparing the inside of a tire as in claim 12, wherein said treatment
tool and said surface measuring device are rotatable about an axis carried by said transport

device.

14. An apparatus for preparing the inside of a tire as in claim 12, wherein said surface

measuring device comprises a laser sensor.

15. An apparatus for preparing the inside of a tire as in claim 12, further comprising a
controller for determining the movement of said transport device and said rotatable tire

support during treatment operations.

16. An apparatus for preparing the inside of a tire as in claim 12, wherein said treatment

tool is a grinding unit.

17. A computer program product including instructions embodied on a computer readable
storage medium, the computer program product acting to prepare the inside of a tire, the tire

having an inner surface, the computer program comprising:
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identifying instructions for identifying a target area for preparing that is located on the
inner surface of the tire;

scanning instructions for scanning the target area so as to acquire data regarding the
inner surface of the tire at the target area;

determining instructions for determining a treatment path using the data regarding the
inner surface of the tire;

treating instructions for treating the inside of the tire using a treatment tool; and

positioning instructions for positioning the tool along the treatment path during said

treating step.

18. A computer program product as in claim 17, wherein said scanning instructions
further comprise instructions for at least two parallel scans across the inside surface of the

tire.

19. A computer program product as in claim 17, where said scanning instructions further

comprise instructions for interpolation between said at least two parallel scans.

20. A computer program product as in claim 17, further comprising mapping instructions

for determining reference physical data for a typical tire.
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