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Description

Field of the Invention

[0001] The present invention relates generally to a
pneumatic tire and preferably to an air maintenance tire.
More specifically, the invention relates to a connector
system for integration into a tire, which may be used for
constructing an air maintenance pump assembly inte-
grated into the tire.

Background of the Present Invention

[0002] Normal air diffusion reduces tire pressure over
time. The natural state of tires is under inflated. Accord-
ingly, drivers must repeatedly act to maintain tire pres-
sures or they will see reduced fuel economy, tire life and
reduced vehicle braking and handling performance. Tire
Pressure Monitoring Systems have been proposed to
warn drivers when tire pressure is significantly low. Such
systems, however, remain dependant upon the driver
taking remedial action when warned to re-inflate a tire to
recommended pressure. It is a desirable, therefore, to
incorporate an air maintenance feature within a tire that
will re-inflate the tire in order to compensate for normal
air diffusion over time without the need for driver inter-
vention.

Summary of the Invention

[0003] The invention relates to a pneumatic tire in ac-
cordance with claim 1.

[0004] Dependent claims refer to preferred embodi-
ments of the invention.

[0005] A tire in accordance with a preferred aspect of
the present invention includes a toroidal tire cavity for
containing pressurized air, an elongate integral air pas-
sageway contained within a flexible tire component, the
air passageway extending between an air inlet cavity and
an air outlet cavity in the flexible tire component, the air
passageway extending for at least a partial circumferen-
tial path around the tire, and a metallic connector assem-
bly within outlet cavity, the connector assembly including
athrough-channelfor conducting air flow communication
between the air passageway within the flexible tire com-
ponent and a chamber of the connector assembly.
[0006] According to another preferred aspect of the
tire, the flexible tire component comprises a chafer com-
ponent of the tire.

[0007] According to still another preferred aspect of
the tire, the connector assembly includes a valve device
for regulating a flow of air from the air inlet cavity to the
tire cavity.

[0008] According to yetanother preferred aspect of the
tire, an elongate core strip is positioned within the air
passageway of the tire flexible component. The through-
channel of the connector assembly has a cross-sectional
configuration to receive a free end of the core strip there-
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through.

[0009] According to still another preferred aspect of
the tire, the through-channel comprises a through-slit.
[0010] Accordingtoyetanother preferred aspect of the
tire, a metallic inlet connector assembly within the air inlet
cavity includes an air inlet device for conducting air ex-
ternal to the tire into the air inlet cavity and a metallic
outlet connector assembly within the air outlet cavity in-
cludes a valve device for regulating a flow of air from the
air outlet cavity to the tire cavity.

[0011] According to still another preferred aspect of
the tire, the flexible tire component comprises a chafer
component of the tire.

[0012] According toyetanother preferred aspectof the
tire, a removable elongate core strip is positioned within
the air passageway of the flexible tire component during
a pre-cure build of the tire and withdrawn from the air
passageway of a post-cure tire. A through-channel of
both the inlet connector assembly and the outlet connec-
tor assembly each has a cross-sectional configuration to
receive a respective free end of the core strip there-
through.

[0013] According to still another preferred aspect of
the tire, each through-channel comprises a through-slit.
[0014] According toyetanother preferred aspect of the
tire, the metallic connector assembly is constructed of
steel, titanium, aluminum, stainless steel, stainless steel
and aluminum, stainless steel and titanium, aluminum
and titanium, or stainless steel, titanium, and aluminum.

Definitions

[0015] "Axial" and "axially" means lines or directions
that are parallel to the axis of rotation of the tire.

[0016] "Chafer" is a narrow strip of material placed
around the outside of a tire bead to protect the cord plies
from wearing and cutting against the rim and distribute
the flexing above the rim.

[0017] "Circumferential" means lines or directions ex-
tending along the perimeter of the surface of the annular
tread perpendicular to the axial direction.

[0018] "Equatorial Centerplane (CP)" means the plane
perpendicular to the tire’s axis of rotation and passing
through the center of the tread.

[0019] "Footprint" means the contact patch or area of
contact of the tire tread with a flat surface at zero speed
and under normal load and pressure.

[0020] 'Peristaltic" means operating by means of
wave-like contractions that propel contained matter, such
as air, along tubular pathways.

[0021] "Radial"and "radially" means directions radially
toward or away from the axis of rotation of the tire.

Brief Description of the Drawings

[0022] The invention will be described by way of ex-
ample and with reference to the accompanying drawings
in which:
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Figure 1 schematically shows a perspective front
view of an example cured tire with an inlet, an outlet,
and a channel for a 180 degree system in accord-
ance with the present invention.

Figure 2 schematically shows a side view of the ex-
ample tire of Figure 1.

Figure 3A schematically shows a sectional view tak-
en along line 3A-3A in Figure 2 and schematically
showing the inlet connector.

Figure 3B schematically shows an enlarged section-
al view of the inlet connector of Figure 3A.

Figure 4A schematically shows a sectional view tak-
en along line 4A-4A in Figure 2 and schematically
showing the outlet connector.

Figure 4B schematically shows an enlarged section-
al view of the outlet connector of Figure 4A.

Figure 5A schematically shows a bottom perspective
view of an outlet connector in accordance with the
present invention.

Figure 5B schematically shows a top perspective
view of the outlet connector of Figure 5A.

Figure 5C schematically shows a top orthogonal
view of the outlet connector of Figure 5A.

Figure 5D schematically shows a sectional view of
the outlet connector taken along line 5D-5D in Figure
5C.

Figure 6A schematically shows a perspective view
of screw punch for use with the present invention.
Figure 6B schematically shows a sectional view tak-
en along line 6B-6B in Figure 6A.

Figure 7A schematically shows a front perspective
view of a plug in accordance with the present inven-
tion.

Figure 7B schematically shows a rear perspective
view of the plug of Figure 7A.

Figure 7C schematically shows a sectional view tak-
en along line 7C-7C in Figure 7B.

Figure 8A schematically shows a top perspective
view of an inlet connector in accordance with the
present invention.

Figure 8B schematically shows a top exploded per-
spective view of the inlet connector of Figure 8A.
Figure 8C schematically shows a bottom exploded
perspective view of the inlet connector of Figure 8A.
Figure 9 schematically shows a perspective view of
a basic chafer strip extruder and conveyor for use
with the present invention.

Figure 10 schematically shows a detail view of the
chafer strip die.

Figure 11 schematically shows a sectional view of
an example silicone core in accordance with the
present invention.

Figure 12 schematically shows a sectional view of
an example extruded chafer strip in accordance with
the present invention.

Figure 13A schematically shows a detailed view of
an example silicone core strip and an example soft
rubber gum strip.
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Figure 13B schematically shows a detailed view of
the example silicone core strip with a partially folded
over soft rubber gun strip.

Figure 13C schematically shows a detailed view of
the example silicone core strip with a softrubber gum
strip folded about it.

Figure 14 schematically shows an example chafer
strip with holes at locations for the inlet and outlet
connectors.

Figure 15 schematically shows anenlarged perspec-
tive view of the silicone core strip of Figure 13C being
assembled into the chafer strip of Figure 14.

Figure 16A schematically shows a sectional view of
the coated silicone core strip of Figure 13C being
inserted into the chafer strip of Figure 14.

Figure 16B schematically shows a sectional view of
the coated silicone core strip of Figure 13C fully in-
serted into the chafer strip of Figure 14.

Figure 16C schematically shows a sectional view of
the coated silicone core strip of Figure 13C fully in-
serted into, and enclosed within, the chafer strip of
Figure 14.

Figure 17A schematically shows a perspective view
of tire build drum with an assembled 180 degree
core/chafer strip and a conventional chafer strip be-
ing applied.

Figure 17B schematically shows a perspective view
of a tire build drum with a conventional 180 degree
chafer strip being applied to abut the 180 degree
core/chafer strip.

Figure 18 schematically shows a perspective front
view of a formed green with inlet and outlet connec-
tors as well as two extending ends of an inserted
silicone core strip.

Figure 19A schematically shows an enlarged per-
spective view of a bottom half member of the inlet
connector being inserted into a cavity in a sidewall
of the green tire under the silicone core strip.
Figure 19B schematically shows an enlarged per-
spective view of the bottom half member of Figure
19A positioned within the cavity.

Figure 19C schematically shows an enlarged per-
spective view of a top half member of the inlet con-
nector being inserted into the cavity in the sidewall
of the green tire over the silicone core strip.

Figure 19D schematically shows an enlarged per-
spective view of the inlet connector fully inserted in
the cavity in the sidewall of the green tire over the
silicone core strip.

Figure 19E schematically shows an enlarged per-
spective view of the inlet connector fully inserted into
the cavity in the sidewall of the green tire over the
silicone core strip with two rubber strips placed over
the cavity prior to curing.

Figure 20A schematically shows an enlarged per-
spective view of a screw punch and outlet connector
being forced through the sidewall into the cavity with
the silicone core strip inserted into the sidewall and
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the outlet connector.

Figure 20B schematically shows an enlarged per-
spective view of the inner side of the sidewall with
the screw punch and outlet connector fully penetrat-
ing the sidewall.

Figure 20C schematically shows an enlarged per-
spective view of the inner side of the sidewall with
the screw punch removed from the outlet connector
and the plug ready to be attached to the outlet con-
nector.

Figure 20D schematically shows an enlarged per-
spective view of the inner side of the sidewall with
the plug attached to the outlet connector.

Figure 20E schematically shows an enlarged per-
spective view of the outer side of the sidewall with a
rubber cap for closing the outlet opening in the outer
sidewall.

Figure 21 schematically shows the silicone core strip
being removed after curing.

Detailed Description of Examples of the Present Inven-
tion

[0023] Referring initially to FIGS. 1, 2, 3A, and 3B, an
example tire 10 having an air maintenance function is
shown. The tire 10 incorporates an air maintenance ap-
paratus for the purpose of maintaining air pressure within
the tire at a desired level without operator intervention.
The tire 10 is a pneumatic tire 12 having a pair of sidewall
components 14, 16 and a tread 18 enclosing a tire cavity
20. The sidewalls 14, 16 extend from a pair of inextensible
tire beads 22, 24 to the tread 18. Preferably, each side-
wall 14, 16 has an apex component 26 disposed radially
adjacent each bead 22, 24 and a chafer component 28
surrounding each bead. The example tire 12 mounts to
awheel 36 and can be seated on arim surface 40. In the
example shown, an air maintenance assembly 42 is pro-
vided within one (FIG. 3A) or both (not shown) sidewalls
14, 16 of the tire 12. The air maintenance assembly 42
is configured to extend between an air entry or inlet cavity
44 and an air exit or outlet cavity 46 within the sidewall
14, 16.

[0024] In accordance with the present invention, the
air maintenance assembly 42 incorporates a thin hollow
tube or passageway within a flexible tire component,
such as the chafer 28, during tire construction. The loca-
tion selected for the hollow tube or passageway within
the tire 12 may be within a tire component residing within
a high flex region of the tire, sufficient to progressively
collapse the peristaltic internal hollow tube or passage-
way as the tire rotates under load thereby conveying air
along the hollow tube or passageway from the inlet cavity
44 to the outlet cavity 46 and the tire cavity 20. This AMT
(Air Maintenance Tire) assembly 42 may thus function
as an internal peristaltic air pump for the tire 12.

[0025] With reference to FIGS. 9 -12, a silicone core
strip 58 may be formed by means of die having a profiled
orifice therethrough (not shown). The orifice may be elon-
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gate and generally lens shaped in section with the ex-
truded strip 58 of like sectional geometry (FIG. 11). The
lens shape may have a dimension of, by way of example,
2.7 mm width D, x 0.5 mm thickness D4. While the ex-
ample composition of the strip 58 may be silicone, other
materials such as cable or monofilament may be used.
The die may be affixed to a basic extruder of conventional
configuration and may deposit a formed core strip 58 on
a conveyer belt moved by drive roller. The length of the
strip 58 may be predetermined.

[0026] As shown in FIGS. 9 and 10, a chafer strip 70
may be formed by an extrusion die 60 affixed to an ex-
truder 66 and deposited onroller 68. The die 60 may form
a chafer forming opening 62 along a bottom side and a
downward projection finger 64 projecting into the opening
62. FIG. 12 shows a sectional view of the extruded chafer
strip 70. The chafer strip 70 widens in section from a low
width or thinner end region 72 to a stepped wider or thick-
er region 74 to a wider or thicker opposite region 88. The
die finger 64 may form an incut, arching chafer channel
or tube 80 extending the length of the chafer strip 70 and
defined by channel sidewalls 82, 84 and bottom wall 86.
The channel may be open-ended initially, as shown at
90. Example dimensions, as seen in FIG. 12, may be
within a range of Ly = 25 mm to 100 mm; L, =2 mm to
5mm;L;=0.5mmto 1.5 mm; Hy =4 mm to 6 mm; and
H, = 3.5 mmto 5.5 mm. However, the chafer strip dimen-
sions Ly, Ly, Lg, Hy, Hy may be varied to suit specific tire
sizing needs and tire construction characteristics. Alter-
natively, the silicone strip 58 may also be molded instead
of extruded.

[0027] A flexible tire component, as shown in FIG. 12,
such as a chafer segment, may have a groove 80 defined
by groove lips 82, 84 that angle inwardly from top to bot-
tom to a bottom groove wall 86. The groove 80, formed
within an axially outward thicker side 88 of the chafer
strip 80, may open at the groove opening 90. The groove
80 may be formed within the chafer strip 80 as a result
of angles extending axially outward from the opening 90
to the bottom wall 86 at an acute angle 6, which may be
within a range of -20 degrees to +20 degrees.

[0028] As shownin FIGS. 12A - 12C, the silicone strip
58 may be enveloped within an outer sheath or covering
92 formed of rubber gum or other suitable material. The
rubber gum sheath 92 may be folded over the silicone
strip 58 toform an overlap seam 94 to enclose the silicone
strip and thus form therewith a sheathed silicone strip
assembly 104. The strip assembly 104 may be used to
form peristaltic tube or channel within a green tire during
greentire assembly construction. The strip assembly 104
forms within a green tire component, such as chafer 28,
a core air passageway which, once the silicone strip is
removed, integrally forms a peristaltic tube/channel with-
in and enclosed by that tire component. The angled
groove 80 may be formed within the chafer strip 70 as a
slot, with the lips 82, 84 in a close opposed relationship.
[0029] The groove 80 may be opened to receive the
strip assembly 104 by an elastic spreading apart of
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groove lips 82, 84. Thereafter, the assembly 104 may be
inserted downward into the groove 80 until reaching a
position adjacent to the bottom wall 86. A release of the
lips 82, 84 allows the lips to elastically resume their close
opposed relationship. The lips 82, 84 may be then
stitched together in a rolling operation wherein a roller
(not shown) may press the lips 82, 84 into the closed
relationship shown in FIGS. 14, 15, and 16A - 16C there-
by sealing within the chafer strip 28 by folding the chafer
strip 70 over the top, as shown in FIG. 16C. The angle 6
of the channel 80 with respect to a bottom surface of the
chafer strip 70 may completely enclose the silicone strip
assembly 104 within the tire component (e. g. the chafer
28) thereby entirely surrounding the silicone strip assem-
bly with the chafer strip material.

[0030] With reference to FIGS. 13 - 16C, the channel
80 defines the channel of a peristaltic pump assembly
within atire chafer 28 and generally extends from a chafer
strip end 96 to the other chafer strip end 98. The un-
cured/green chafer strip 70 may be cut at a given length
depending on the pump length that is desired for the
cured tire 12. .Formed within each end 86, 98 of the
chafer 70 by a punching operation or cutting operation
may be enlarged diameter circular holes 100, 102. The
holes 100, 102 may be adjacent the ends of the channel
80 and are sized to accommodate receipt of a peristaltic
pump inlet device and a peristaltic outlet device. The lips
82, 84 of the chafer channel 80 may be pulled apart. The
wrapped silicone strip assembly 104 may be inserted at
directionarrow 110 into the channel 80 as shown in FIGS.
16A - 16C until the assembly is adjacent and in contact
withthe lowerwall 86 of the channel 80 (FIG. 16B). There-
upon, the silicone strip assembly 104 may be enclosed
by the chafer strip 70 by a folding over of the chafer lip
flap 82 in direction 112 (FIG. 16C).

[0031] The channel 80 may thus be closed and sub-
sequently stitched in the closed position (FIG. 16C) by a
pair of pressure contact rolls (not shown). So enclosed,
the silicone strip assembly 104 preserves/maintains the
geometry of the channel 80 from a green tire build until
after a tire cure, when the assembly is subsequently re-
moved. The silicone strip assembly 104 is dimensioned
such that assembly ends 106, 108 extends free from the
uncured chafer strip 70 and the channel 80, and further
extends a distance beyond the punched holes 100, 102
at opposite ends 106, 108 of the chafer strip.

[0032] Referring to FIGS. 17A, 17B & 18, a green tire
building station is depicted to include a build drum 116
rotatable about an axial support 118. The chafer strip 70
containing the silicone strip assembly 104 and an oppo-
site chafer strip 122, that may (not shown) or may not
(showninFIGS.17A & 17B) incorporate a strip assembly,
may be positioned along opposite sides of the build drum
116 in a direction 124 for an initial 180 degree chafer
build. The chafer strip 70 may thus combined with a nor-
mal chafer strip 126 to complete the 360 degree circum-
ference. The normal chafer strip 126 may thus be applied
to the build drum 116 in axial alignment with and the
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abutting the chafer strip 70 to complete a 360 degree
chafer construction on the build drum.

[0033] The opposite side of the build drum 116 re-
ceives two 180 degree normal strips 122 in abutment to
complete the chafer build on that side of the build drum.
It will be noted that the chafer strip 70 may contain the
silicone strip assembly 104 while the abutting strip 126
does not. However, if desired, both of the chafer strips
70, 126 as well as one or both of the strips 122 may be
configured to contain a silicone strip assembly 104 to
create a 360 degree peristaltic pump tube on one side
or both sides of the green tire 12. The example of FIGS.
17A & 17B shows a pumping tube of 180 degrees in one
chafer strips only (e.g., 70). In FIG. 17B, it will be noted
that the normal chafer strip 126 is configured to comple-
ment the construction of the chafer strip 70 with the holes
100, 102. The circular holes 100, 102 may be at opposite
ends of the complementary strip 126. When abutted
against the chafer strip 70, the holes 100, 102, create
180 degree opposite cavities 132, 134, as seen in FIG.
18.

[0034] The end 106 of the silicone strip assembly 104
will hereafter be referred to as the "outlet end portion"
extending through the outlet cavity 134 and the end 108
hereafter referred to as the "inlet end portion” of the sil-
icone strip assembly extending through the inlet cavity
132. FIG. 18 illustrates the 180 degree extension of the
silicone strip assembly 104 and FIGS. 19A - 19E, show
the relative location of the silicone strip assembly 104 to
the tire bead and apex components 22, 26. FIG. 19A
shows the inlet cavity 132 and silicone core assembly
104 ready for placement of an inlet core device and FIG.
20A shows the outlet cavity 134 ready for placement of
an outlet core device.

[0035] FIGS. 19A - 19E represent sequential views
showing the installation of an inlet core assembly 170 of
FIGS. 8A - 8C linking the silicone strip assembly 104 with
the green tire after the build and the curing of the green
tire. The inlet core assembly 170 may be constructed of
any suitable metal. In FIG. 19A, a bottom half housing
180 isinsertedintothe inlet cavity 132 after the inlet cavity
has been enlarged by a cutting implementinto agenerally
pointed shape (shown) or key shaped (not shown) as
indicated by the scissor representation. The cutting im-
plement opens the chafer strip groove, still occupied by
silicone strip assembly 104, to accommodate receipt of
the conical half-protrusion 194 of the bottom half-housing
180. The tapered end of the conical half-protrusion 194
fits into the chafer channel occupied by the strip assembly
104, as shown in FIG. 19B, as the strip assembly is po-
sitioned within a half-channel 196 extending across the
bottom half-housing 180 and conical half-protrusion. The
extra length of inlet end portion 108 of the strip assembly
104 may be cut and removed thereby positioning a ter-
minal end of the strip assembly 104 within the half-chan-
nel 196 of the bottom half-housing 180.

[0036] An upper/outer top half-housing 178 is attached
to the bottom half-housing 180, as seen in FIGS. 19C &
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19D, thereby capturing the strip assembly 104 within the
full channel formed by upper and lower half-channels
184, 196. Magnets 192 may secure the metallic half-
housings 178, 180 together. Rubber patches 228, 230,
as seen in FIG. 19E, may be applied over the inlet core
assembly 170 to temporarily secure the assembly in
place for curing of the green tire 12. The patches 228,
230 are removed from the cured tire 12 so that the inlet
core assembly 170 may operate in an unimpeded man-
ner.

[0037] Inaccordance with the presentinvention, FIGS.
20A - 20E represent sequential views showing the instal-
lation of a metallic permanent outlet core assembly 136
of FIGS. 5A - 7C linking the silicone strip assembly 104
with the green tire after the build and the curing of the
green tire. The metallic permanent outlet core assembly
136 may be constructed of steel, stainless steel, titanium,
aluminum, and/or other suitable metal. In FIG. 20A, a
metallic outlet housing 144 is inserted into the circular
outlet cavity 134, and secured to, the end portion 106 of
the silicone strip assembly 104. A screw punch 138,
threadedly secured to the outlet housing 144, is pushed
through to protrude through an inner tire wall into the tire
cavity 20 from the outlet cavity 134, as seen in FIG. 20B.
FIG. 20B further shows the outlet housing 144 fully seat-
ed into the outlet cavity 134 with the tapered conical half-
protrusion 159 projecting into the tire cavity 20. The strip
assembly 104 has been inserted into a slot 152 in the
outlet housing 144.

[0038] In FIGS. 20C & 20D, the screw punch 138 has
been removed and replaced by a threaded valve 140
attached to a screw thread 146 of the outlet housing 144.
In FIG. 20E, an uncured circular disk 160 of material sim-
ilar to the uncured material of the chafer 70 may be fitted
into the circular outlet cavity 134 thereby sealing the al-
ready inserted outlet housing 144. During curing, the disk
160 will permanently bond to the perimeter of the outlet
cavity 134 and provide a pneumatic seal for preventing
air travel from the tire cavity 20 through the outlet cavity
to atmosphere 21.

[0039] FIGS. 3A, 3B, 4A, and & 4B show the tire 12
with the inlet and outlet assemblies 136, 170 in place.
The silicone core assembly 104 is enclosed/encased
within the chafer component 28 of the green tire 12 and
extends 180 degrees between the outlet core assembly
136 and the inlet core assembly 170. FIG. 3B shows an
enlarged detail of the inlet core location and FIG. 4B
shows an enlarged detail the outlet core location. The
silicone core assembly 104 resides enclosed within a
chafer channel 105 thereby preserving the structural in-
tegrity of the chafer channel throughout the curing of the
tire 12. The sectional configuration of the silicone core
assembly 104 is complementary to chafer channel 105
and surrounded by chafer composition thereby maintain-
ing the configuration of the chafer channel throughout
tire cure (FIG. 16C).

[0040] As described above, the air maintenance as-
sembly 42 represents a peristaltic air pump system in
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which the compressible air passageway 238 progres-
sively pumps air along the passageway from the inlet
cavity 132 to the outlet cavity 134 and the tire cavity 20
for maintaining internal tire cavity pressure at a required
level. The inlet assembly 170 and the metallic permanent
outlet assembly 136 are preferably positioned generally
180 degrees apart, separated by the internal chafer air
passageway 238 (FIG. 21). The tire 12 may rotate in a
direction of rotation and cause a footprint to be formed
against the contact/ground surface. A compressive force
is directed into the tire 12 from the footprint and acts to
flatten a segment of the air passageway 238 adjacent
the footprint. Flattening of the segment of the passage-
way 238 forces air from the segment along the internal
passageway 238 in adirection toward the permanent out-
let assembly 136.

[0041] As the tire 12 continues to rotate, the air pas-
sageway 238 within the chafer component 28 is sequen-
tially flattened/squeezed adjacent the tire footprint in a
segment by segment direction opposite to the direction
of tire rotation. The sequential flattening of the air pas-
sageway 238 segment by segment thus causes evacu-
ated air from the flattened segments to be pumped to the
permanent outlet assembly 136. When the air flow pres-
sure is sufficient against the permanent outlet assembly
136, the outlet assembly opens to allow air to flow through
the outlet assembly into the tire cavity 20. This air thereby
serves to re-inflate the tire 12 to a desired pressure level
as needed.

[0042] With the tire 12 continuing to rotate, flattened
tube segments are sequentially refilled by air flowing into
the inlet assembly 170 along the passageway 238. The
inflow of air from the inlet assembly 170 continues until
the outlet assembly 136 becomes adjacent the tire foot-
print. When the tire 12 rotates further, the inlet assembly
170 will eventually pass the tire footprint against ground
surface, and airflow resumes to the outlet assembly 136
along the passageway 238.

[0043] The above-described cycle is then repeated for
each tire revolution, half of each rotation resulting in
pumped air going to the tire cavity 20 and half of the
rotation resulting in pumped air being directed back out
the inlet assembly 170. It will be appreciated that the
subject tire assembly and its peristaltic pump assembly
42 preferably function in like manner in either direction
of rotation. The peristaltic pump assembly 42 is accord-
ingly preferably bidirectional and equally functional with
the assembly moving in a forward or an opposite, reverse
direction of rotation.

[0044] The location of the assembly 42 is in the chafer
component 28 with the air passageway 238 thereby be-
ing in a high flex region of the tire 12 causing the flattening
pressure from the tire rolling against ground surface to
be applied to the passageway. The air maintenance pas-
sageway 238 is integrated into and enclosed by the
chafer tire component 28 to prevent air leakage that
would otherwise degradate the operational efficiency of
the pump assembly 42. Other tire components may have
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high-flex regions and may alternatively be employed for
location of the air maintenance assembly 42. For exam-
ple, without intent to delimit such alternative components
and locations, the assembly 42 may be incorporated at
a more radially outward location in the tire sidewall 14.
The passageway 238 could, in similar manner to that
described previously, be deployed within a sidewall ply
component during green tire build.

[0045] Pursuant to the foregoing, it will be appreciated
that a method of constructing a tire 12 having an asso-
ciate air maintenance pumping assembly 42 results in
the tire. The method may include: constructing an elon-
gate strip core 58; encasing the strip core 58 into a con-
tainment within an uncured flexible tire component (pref-
erably but not necessarily chafer strip 70), the strip core
extending between an air inlet cavity 132 and an air outlet
cavity 134 in the flexible tire component; building on a
tire building drum 116 a green tire carcass from tire com-
ponents including the flexible tire component and en-
cased strip core 58; inserting an air inlet assembly 170
into the inlet cavity 132 and an air outlet assembly 136
into the outlet cavity 134; curing the green tire carcass
into a cured finished tire 12 including the flexible tire com-
ponent 70 containing the strip core 58; and removing the
encased strip core 58 from the cured flexible tire compo-
nent to leave within the flexible tire component an unob-
structed air passageway 238 interconnecting the assem-
blies 136, 170.

[0046] It may be further appreciated that the strip core
58 may be longitudinally removed by a free end from the
cured flexible tire component, chafer strip 70, generally
tangential to the tire carcass, by means of drawing on
the free end 108 of the strip core and extending the outlet
assembly 136 inward through a tire sidewall 14 by means
of utilization of the punch 138 into communication with
the tire cavity 20. The method may further include insert-
ing an air inlet assembly 170 into the inlet cavity 132 prior
to curing the green tire carcass; and inserting an air outlet
assembly 136 into the outlet cavity 134 prior to curing
the green tire carcass. The assemblies 136, 170 at the
inlet and outlet positions serve to further seat the assem-
blies within the tire 12 during the tire cure.

[0047] The method may also include encasing the strip
core 104 into a containment within the uncured flexible
tire component by extruding a channel or tube into the
uncured flexible tire component (chafer strip 70) defined
by channel sidewalls 82, 84 and a channel bottom wall
86; inserting the strip core 104 into the channel; and col-
lapsing a flexible channel sidewall or flap 114 to enclose
the sidewall 82 over the strip core 104. The uncured flex-
ible tire component may be a tire chafer component, but
other alternative tire components may be substituted so
long as the tire components exhibit sufficiently high flex-
ure during tire rotation under load to progressively col-
lapse the air passageway 238 in a rolling tire footprint.
[0048] It may further be appreciated that the assem-
blies 136, 170 at the inlet and outlet cavities 132, 134
provide a connector system that is flexible and multi-pur-
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pose. In the air maintenance tire and connector system
42 thus provided, the elongate integral air passageway
238 is formed by the silicone strip assembly 104 at the
pre-cure tire build stage and by the vacated air passage-
way post-cure removal of the assembly 104 in a post-
cure procedure.

[0049] The chafer component strip 70, as may be ap-
preciated from FIGS. 12-17, represents a flexible tire
component strip forming a portion of the tire 12. The tire
component strip in the form of the chafer strip 70 may
provide: the channel 90 within an upper surface defined
by opposed strip lip portions 82, 84 and a channel bottom
wall 86; and the air passageway 238 formed within the
flexible chafer tire component 70 extending between the
inlet cavity 132 and the outlet cavity 134 in at least a
partial circumferential (e.g., 180 degree) path around the
tire 12. The elongate passageway-shaping strip assem-
bly 104 may occupy and form the air passageway 238
of the flexible chafer tire component 70 during green tire
build and tire cure. The passageway-shaping, silicone
strip assembly 104 may be operative to form and maintain
the air passageway 238 to adesired cross-sectional con-
figuration which may duplicate the cross-sectional con-
figuration of the silicone strip assembly 104.

[0050] The passageway-shaping, silicone strip as-
sembly 104 may be removable from the air passageway
238 in a post-cure procedure. The free end portions 106.
108 may be accessible at the inlet and outlet cavities
132, 134, respectively, and inlet and outlet assemblies
170, 136, respectively, whereby the silicone strip assem-
bly 104 may be removed by an axial withdrawal force
application to one of the free end portions 106, 108 of
the silicone strip assembly 104.

[0051] In FIGS. 11 and 16A - 16C, the passageway-
shaping strip assembly 104 may have a generally ellip-
tical cross-sectional configuration and may be configured
with a silicone core 58 encased by a sheath 92 composed
of a release material such as a rubber composition. The
flexible chafer tire component 70 may increase side-to
side (the axial direction of the tire 12) in sectional thick-
ness from the radially outward region 72 to the radially
inward region 88. The channel 90, which may become
the air passageway 238, may reside within the radially
inward, thicker region 88. The channel 90 may be formed
to extend into the radially inward region 88, angling ra-
dially inward toward the radially outward region 72, as
shown in FIGS. 16A -16C at an angle 6 within an exem-
plary range between -20 to +20 degrees.

[0052] With reference to FIG. 21, a method of extract-
ing the elongate strip assembly 104 from the air passage-
way 238 defined by the assembly may occur in a post-
cure procedure. The assembly 104 may be extracted lon-
gitudinally from occupancy within the flexible tire compo-
nent (chafer 28), thereby defining the air passageway
238 within the chafer component by the space previously
occupied by the elongate strip assembly 104. The elon-
gate strip free end portion 108 may be accessible at the
inlet cavity 132 and inlet assembly 170 and the free end
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portion 106 at the outlet cavity 134 and outlet assembly
136. The elongate strip assembly 104 may be moved
and extracted tangentially end to end relative to the tire
12 from the inlet cavity 132 by a withdrawal force applied
to the elongate strip free end 108. Alternatively, the as-
sembly 104 may be extracted from the outlet opening
134 by means of the free end 106. Application of the
withdrawal force may be in the form of a tensile force
applied to the free end portion 108 of the elongate strip
assembly 104 alone or in conjunction with other extrac-
tion techniques. For example and without restriction, an
extraction pneumatic system (not shown) may be de-
ployed to push the assembly 104 from the air passage-
way 238. The pneumatic system may include an air blow
gun on to which a nozzle is attached.

Claims

1. A pneumatic tire having a toroidal tire cavity (20) for
containing pressurized air and an elongate integral
air passageway (238) contained within a flexible tire
component, the air passageway (238) extending be-
tween an air inlet cavity (132) and an air outlet cavity
(134) in the flexible tire component, the air passage-
way (238) extending for at least a partial circumfer-
ential path around the tire (12), and a metallic con-
nector assembly (136) within the air outlet cavity
(134), the connector assembly (136) including a
through-channel for conducting air flow communica-
tion between the air passageway (238) within the
flexible tire component and a chamber of the metallic
connector assembly (136).

2. Thetire ofclaim 1 whereintheflexible tire component
comprises a chafer component (28) of the tire (12).

3. The tire of claim 1 or 2 wherein the connector as-
sembly (136) includes a valve device for regulating
a flow of air from the air inlet cavity (132) to the tire
cavity (20).

4. Thetire of at least one of the previous claims further
comprising an elongate core strip (98) positioned
within the air passageway (238) of the tire flexible
component, the through-channel of the connector
assembly (136) having a cross-sectional configura-
tion to receive afree end of the core strip (98) there-
through.

5. Thetire of claim 4 wherein the through-channel com-
prises a through-slit.

6. Thetire of atleastone of the previous claims wherein
an inlet connector assembly within the air inlet cavity
(132) includes an air inlet device for conducting air
external to the tire (12) into the air inlet cavity (132)
and the metallic outlet connector assembly (136)
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10.

1.

12.

within the air outlet cavity (134) includes a valve de-
vice for regulating a flow of air from the air outlet
cavity (134) to the tire cavity (20).

The tire of claim 4, 5 or 6 wherein the elongate core
strip is a removable elongate core strip (98) which
can be positioned within the air passageway (238)
of the flexible tire component during a pre-cure build
of the tire (12) and which can be withdrawn from the
air passageway (238) after curing the tire (12).

The tire of claim 7 wherein a through-channel of both
the inlet connector assembly and the outlet connec-
tor assembly each has a cross-sectional configura-
tion to receive a respective free end of the core strip
(98) therethrough.

The tire of claim 8 wherein each through-channel
comprises a through-silit.

The tire of atleastone of the previous claims wherein
the metallic connector assembly (136) is constructed
of steel, titanium, aluminum, stainless steel, stain-
less steel and titanium, stainless steel and alumi-
num, titanium and aluminum or stainless steel, alu-
minum, and titanium.

The tire of atleastone of the previous claims wherein
the tire (12) is a self-inflating tire.

The tire of at least one of the previous claims wherein
the tire (12) comprises an air maintenance assembly
(42).
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