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ond tire beads (16) to a tire tread (18) is disclosed. The
tire (12) comprises a compression actuator means (19)
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ator means (19) comprises a containment body (44)
formed from a resilient deformable material composition
and containing a quantity of a non-compressible medium
(48). The containment body (44) is configured to recip-
rocally transform between a deformed state and a non-
deformed state responsive to adeformation and recovery
of the tire (12) when the tire (12) is rotating under load.
The containment body (44), in the deformed state, is fur-
ther configured to displace a quantity of the non-com-
pressible medium (48) for generating a compression
force to deliver a volume of air to the tire cavity (30). The
containment body (44) is shaped to facilitate pivoting dur-
ing rotation of the tire (12).
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Description

Field of the Invention

[0001] The invention relates generally to tires, in par-
ticular self-inflating tires, and, more specifically, to a self-
inflating tire having an integrated air pumping system.

Background of the 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 dependent upon the driver
taking remedial action when warned to re-inflate a tire to
recommended pressure. It is a desirable, therefore, to
incorporate a self-inflating feature within a tire that will
self-inflate the tire.

Summary of the Invention

[0003] Theinventionrelates to atire inaccordance with
claim 1.
[0004] Dependent claims refer to preferred embodi-

ments of the invention.

[0005] In a first preferred aspect of the present inven-
tion, the tire has a tire cavity, first and second sidewalls
extending respectively from first and second tire beads
to a common tire tread, and a compression actuator
means mounted to the tire within the tire cavity for deliv-
ering air to the tire cavity. The compression actuator
means includes a hollow containment body formed from
aresilient deformable material and containing a quantity
of a non-compressible medium. The hollow containment
body reciprocally deforms or transforms between a de-
formed state and a non-deformed state responsive to
deformation and recovery of the tire while rotating. The
hollow containment body in the deformed state displaces
a quantity of the non-compressible medium for generat-
ing a compression force from which a volume of air is
delivered to the tire cavity. The hollow containment body
is shaped to facilitate pivoting during rotation of the tire.
[0006] According to another preferred aspect of the
tire, the hollow containment body operationally under-
goes one cyclic deformation between the deformed state
and the non-deformed state within one rotation of the tire.
[0007] According to still another preferred aspect of
the tire, the cyclic deformation of the hollow containment
body occurs in either a forward or rearward direction of
tire rotation.

[0008] According to yetanother preferred aspect of the
tire, a relief valve is mounted to the tire for releasing air
from the tire cavity should the tire cavity air pressure ex-
ceed a preset tire inflation pressure.
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[0009] According to still another preferred aspect of
the tire, the deformation of the hollow containment body
is induced by a bending of one of the first and second
sidewalls.

[0010] Accordingtoyetanother preferred aspectof the
tire, a pump assembly is affixed to one of the first and
second sidewalls. The pump assembly includes a com-
pressor body affixed to the hollow containment body and
has an airchamber. The air chamber has aninlet opening
for admitting air into the air chamber and an outlet open-
ing for conducting air from the air chamber to the tire
cavity. The compressor body further includes afirst valve
means and a second valve means preferably within the
compressor body for reciprocally opening and closing
the inlet opening and the outlet opening, respectively,
synchronously with cyclic deformation of the hollow con-
tainment body.

[0011] According to still another preferred aspect of
the tire, a relief valve means releases air from the tire
cavity when air pressure within the tire cavity exceeds a
predetermined pressure. The relief valve means is af-
fixed to the hollow containment body and includes a relief
valve and an air flow passageway from the relief valve
positioned to operationally reverse flow air from the tire
cavity through the compressor body and out of the inlet
opening of the hollow containment body.

[0012] Accordingtoyetanother preferred aspect of the
tire, the first and second valve means operate as a first
one-way valve and a second one-way valve, respective-
ly, positioned at separate locations in the air chamber of
the compressor body.

[0013] According to still another preferred aspect of
the tire, the first valve means includes a piston member
seated within air chamber of the compressor body. The
piston member cyclically moves between open and
closed positions synchronous with cyclic deformation of
the hollow containment body. The piston member oper-
atively opens and obstructs the inlet opening of the com-
pressor body.

[0014] According to yetanother preferred aspect of the
tire, the hollow containment body has a first linear region
and a second linear region both facing the tire cavity.
Conjunction of the two linear regions facilitates pivoting
of the hollow containment body and compression of the
medium when the sidewall is proximate a footprint of the
tire.

[0015] According to still another preferred aspect of
the tire, the hollow containment body has a first curved
region, a second notched region, and a third linear region
all facing the tire cavity. The second notched region fa-
cilitates pivoting of the hollow containment body and
compression of the medium when the sidewall is proxi-
mate a footprint of the tire.

[0016] Accordingto yetanother preferred aspect of the
tire, the hollow containment body has internal notched
regions and external notched regions. The internal and
external notched regions facilitate pivoting of the hollow
containment body and compression of the medium when
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the sidewall is proximate a footprint of the tire.

[0017] In a second preferred aspect of the present in-
vention, the tire has a tire cavity defined by aninner liner,
first and second sidewalls extending, respectively, from
first and second tire beads to a tread, a compression
actuator means mounted within the tire cavity for deliv-
ering air to the tire cavity, the compression actuator
means including a containment body formed from a re-
silient deformable material and containing a quantity of
a non-compressible medium, the containment body af-
fixed to one of the first and second sidewalls and recip-
rocally deforming or transforming with the sidewall be-
tween a deformed state and a non-deformed state re-
sponsive to deformation and recovery of the tire sidewall
of the rotating tire, the containment body, in the deformed
state, displacing the non-compressible medium thereby
generating a compression force delivering a volume of
air to the tire cavity, the containment body operationally
undergoing a cyclic deformation between the deformed
state and the non-deformed state responsive to rotation
ofthetire, the containment body being shaped tofacilitate
pivoting during rotation of the tire, and a pump assembly
connected to the containment body and mounted within
the tire cavity. The pump assembly includes a compres-
sor body with an air chamber. The air chamber has an
inlet opening for admitting air into the air chamber and
an outlet opening for conducting a pressurized quantity
of air from the air chamber to the tire cavity. The com-
pressor body is attached to one of the first and second
sidewalls radially inward from the containment body.
[0018] According to yetanother preferred aspect of the
tire, a clamp member facilitates pivoting of the contain-
ment body and compression of the medium when the
sidewall is proximate a footprint of the tire.

Definitions

[0019] "Axial" and "axially" means lines or directions
that are parallel to the axis of rotation of the tire.

[0020] "Circumferential" means lines or directions ex-
tending along the perimeter of the surface of the annular
tread perpendicular to the axial direction.

[0021] "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.

[0022] "Peristaltic" means operating by means of
wave-like contractions that propel contained matter, such
as air, along tubular pathways.

[0023] "Radial"and "radially" means directions radially
toward or away from the axis of rotation of the tire.

Brief Description of the Drawings

[0024] The invention will be described by way of ex-
ample and with reference to the accompanying drawings
in which:

FIG. 1 is a schematic perspective view of the tire
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showing a pump location in accordance with the
present invention.

FIG. 2 is a schematic sectional view of the tire of
FIG. 1.

FIG. 3 is a schematic sectional view taken through
the example pump shown in FIG. 1 under afirst con-
dition.

FIG. 4 is a schematic sectional view taken through
the example pump of FIG. 1 under a second condi-
tion.

FIG. 5 is a schematic perspective view of another
example pump in accordance with the present in-
vention.

FIG. 6 is a schematic sectional view of the example
pump of FIG. 5 under a first condition.

FIG. 7 is a schematic sectional view of the example
pump of FIG. 5 under a second condition.

FIG. 8 is a schematic side view of part of still another
example pump in accordance with the present in-
vention.

FIG. 9 is a schematic front view of the example part
of FIG. 8.

FIG. 10is a schematic side view of part of yetanother
example pump in accordance with the present in-
vention.

FIG. 11is a schematic front view of the example part
of FIG. 10.

FIG. 12is aschematic side view of part of stillanother
example pump in accordance with the present in-
vention.

FIG. 13 is a schematic front view of the example part
of FIG. 12.

FIG. 14 is a schematic sectional view of part of yet
another example pump in accordance with the
present invention under a first condition.

FIG. 15 a schematic sectional view of the example
part of FIG. 14 under a second condition.

Detailed Description of Examples of the Present Inven-
tion

[0025] Referring to FIGS. 1-15, an example Self-Inflat-
ing Tire System 10, or Air Maintenance Tire System, in
accordance with the present invention has a tire 12 with
a carcass having a pair of sidewalls 14, a pair of beads
16, and a tread 18. The tire 12 is preferably configured
to be self-inflating by inclusion of a pump assembly 20
and coupled compression actuator assembly 19, both of
which may be attached to the tire 12 in a post-cure as-
sembly procedure. As shown in FIG. 1, the assembly 19
may be mounted to one sidewall 14 by application of
adhesive as shown by the adhesive area 21. The tire 12
mounts to a rim (not shown) having a tire mounting sur-
face and an outer rim flange extending from the tire
mounting surface. Thetire 12 may furtherinclude aninner
liner component 28 defining and enclosing an internal air
cavity 30. Adhesive may be applied to the sidewall region
of the inner liner 28 as depicted by the adhesive area 21.



5 EP 2 738 023 A1 6

The tire 12 further includes lower sidewall regions 32
proximate to the beads 16 of the tire.

[0026] Thetire 12 mounts to a vehicle and then engag-
es a ground surface 34. Contact area between the tire
12 and the ground surface 34 represents a tire footprint
(as defined above). The compression actuator assembly
19 may mountto a sidewall region 42 of the tire 12 having
a relatively high flex-deformation as the tire rotates and
contacts the ground surface 34 as shown in FIGS. 2-4.
Asthe tire 12 rotates, the compression actuator assembly
19 and pump assembly 20 rotate with the tire. The com-
pression actuator assembly 19 is subjected to compres-
sion forces resulting from the sidewall 14 flexing and/or
bending when the compression actuator assembly is ad-
jacent the tire footprint, as explained below.

[0027] FIG. 3 shows the compression actuator assem-
bly 19 and pump assembly 20 in a location in a non-
compressed area of the tire 12, while FIG. 4 shows the
assemblies 19, 20 in a compressed area of the tire. In
the position of FIG. 4, the compression actuator assem-
bly 19 is subjected to the compression forces generated
within tire footprint by the contact surface 34. The tire 12
may rotate in a first direction and in an opposite second
direction during normal operation of a vehicle and the
system 10. As such, the coupled assemblies 19, 20 may
rotate with the tire 12 in both directions and may be sub-
jected to compression/bending forces generated within
the sidewall 14 in both the first and second rotational
directions.

[0028] As shown in FIGS. 1-4, the compression actu-
ator assembly 19 includes an elongate hollow contain-
mentbody 44 formed from a resilient deformable material
composition, such as, for example, a thermoplastic resin
and/or rubber compound. The elongate body 44 is thus
be capable of reciprocally and resiliently undergoing a
cyclic deformation into a deformed state (FIG. 4) when
subjected to bending force by the contact surface 34 and
recovery into an original non-deformed state (FIG. 3).
The elongate body 44 of FIGS. 1-4 may be sized and
shaped to follow the inner contour of the tire sidewall 14
and innerliner 28 from proximate the tread 18 to proxi-
mate a bead 16. The hollow, elongate form of the con-
tainment body 44 may be affixed to the inner liner 28 of
the tire 12 at the adhesive region 21 or modified further
for incorporation into the tire sidewall 14, as explained
below.

[0029] The containment body 44 includes an enclosed
central reservoir cavity 46 filled with a volume of a non-
compressible medium 48 (FIGS. 3 & 4). The medium 48
may be in foam and/or fluid form. The medium 48 may
include water with an antifreeze additive. The medium
48 is enclosed by the body 44 within the cavity 46 and
may generally fill the cavity. The containment body 44
includes an outlet conduit 50 preferably extending gen-
erally axially from the containment body and preferably
containing an inner outlet conduit bore 51 through which
a displaced quantity of the medium 48 may travel in re-
ciprocal directions. The conduit 50 may extend to a lead-
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ing end 60.

[0030] Positioned as shown in FIGS. 2-4, the contain-
ment body 44 is subjected to bending forces from the tire
sidewall 14 as the region of the sidewall to which the
containment body attaches passes proximate to the tire
footprint and is compressed by forces from the contact
surface 34 on the tread 18 (FIG. 4). Bending forces ap-
plied to bend the sidewall region 14 may cause a com-
mensurate bending deformation of the medium 48 and
the containment body 44, as shown in FIG. 4. The defor-
mation introduced into the containment body 44 by the
bending tire sidewall 14 proximate to the tire footprint
thus causes displacement of a quantity of the medium
48 along the outlet conduit 50 toward the leading end 60.
Pressure from the displaced medium 48 acts as a pres-
sure actuator to the pumping assembly 20, as explained
below. Whenthe tire sidewall 14 towhich the containment
body 44 attaches rotates away from the tire footprint,
such as a position at the upper part of the tire 12, the
compression force in the sidewall 14 may thus be re-
moved/lessoned, causing a commensurate removal/les-
soning of bending force into the containment body 44.
Removal of the bending force allows the containment
body 44 to resume its original, non-deformed state (FIG.
3) and the medium 48 to recede within the conduit 50 in
a direction away from the leading end 60.

[0031] This cycle of sidewall bending and unbending
translates into a cyclic deformation and restoration of the
containment body 44 as the tire 12 rotates in either for-
ward or reverse directions and generates a cyclic com-
pression force from the displaced medium 48 along the
conduit 50. The compression force from the displaced
medium 48 may be proportionate to the pressure gener-
ated by the displaced quantity of the non-compressible
medium in the direction of the displaced medium 48.
[0032] The pump assembly 20 is preferably affixed to
the carcass of the tire 12 at a location adjacent the com-
pression actuating assembly 19, for example, in an in-
ward radial direction relative to compression actuating
assembly. The pumping assembly 20 may include a hol-
low compressor body 62 of generally tubular form with
an internal, axially oriented air chamber 64 (FIG. 3) ex-
tending to a lower chamber end 65. The air chamber 64
is accessible through an inlet conduit 66 which intersects
the air chamber at an inlet opening 67. The compressor
body 62 and inlet conduit 66 may be formed of a rigid
material, such as metal or plastic. The inlet conduit 66
may be generally elongate and tubular having an inlet
axial passageway 68 communicating with the air cham-
ber 64 via the inlet opening 67. On an opposite side of
the compressor body 62, an outlet conduit 70 of generally
tubularform may have an axial passageway 72 extending
therethrough and communicating with the air chamber
64 at an outlet opening 73. The inlet conduit 66 and the
outlet conduit 70 may be longitudinally offset, with inlet
conduit 66 nearest the actuating assembly 19 and the
outlet conduit 70 farther away from the actuating assem-
bly.
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[0033] A first cylindrical piston member 74 is sized for
sliding within a first /upper end of the axial air chamber
64 of the compressor body 62. A piston projection 78
may extend longitudinally through the axial air chamber
64 and away from the leading end 60 of the conduit 50.
The piston projection 78 functions as a collector for air
which may be ejected from the pump assembly 20. A first
coil spring 92 may surround the piston projection 78 and
seat against a lower surface of the piston 74 and a ridge
about the wall of the first/upper end of the axial air cham-
ber 64 thereby biasing the piston 74 toward the leading
end 60.

[0034] A second cylindrical piston member 82 is sized
for sliding within a second/lower end of the axial air cham-
ber 64 of the compressor body 62. The second piston
member 82 may have a cylindrical body matching the
axial air chamber 64. A second coil spring 94 may be
provided within the lower end 65 of the axial air chamber
64 withinthe compressor body 62. The second coil spring
94 may seat against the second/lower end of the axial
air chamber 64 and a lower surface of the piston member
82. Longitudinal travel of the piston member 82 within
the axial air chamber 64 may be limited by a stop surface
located just an the other side of the outlet opening 73.
The second spring 94 thereby biases the piston member
82 against the stop surface and biases the piston member
to a position closing the outlet opening from the axial air
chamber 64.

[0035] Extending from the outlet conduit 50 may be a
relief valve intake channel (not shown) that may relieve
excess medium pressure within the compressor body 62.
A pressure regulating relief valve assembly may mount
to the intake channel and extend from the compressor
body 62.

[0036] Seated within the inlet axial passageway 68,
there is preferably a porous filter component 117 that
functions to filter out particulates from entering the inlet
axial passageway. As described above, the actuation as-
sembly 19 may be incorporated into a region of the side-
wall 14 of the tire 12 that experiences a high bending
load as the tire rotates. The actuation assembly 19 may
either be incorporated within the sidewall 14 or affixed to
the sidewall 14 by adhesive, as shown at 21. In the ex-
ternally mounted assembly approach shown in FIG. 1,
the containment body 44 may be complementarily
shaped and curved as the sidewall region to which it at-
taches and extends generally from a radially outward end
proximate the tread region 18 radially inward along the
sidewall attachment region 21 to a radially inward end
proximate a bead region.

[0037] The pumping assembly 20 may attach to an in-
ward end of the actuation assembly 19 by adhesive or
other suitable attachment means. The coupled actuation
assembly 19 and pumping assembly 20 may mount by
adhesive attachment to the inner liner 28 of the tire 12
with the pumping assembly 20 proximate to the carcass
bead/lower sidewall region 32. So positioned, the inlet
passageway 68 projects in a generally axial direction
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through the tire sidewall 14 to an external air-accessible
outer tire sidewall side location. Position of the inlet pas-
sageway 68 may be radially outward, or above, the rim
flange so that the rim flange does not interfere with intake
air entering the inlet passageway of the pumping assem-
bly 20.

[0038] The outlet conduit 50 of the compression as-
sembly 19 may couple to the upper end of the pump
assembly 20 as the outlet conduit sealingly engages the
upper end of the pump assembly. Once the assemblies
19, 20 are attached to each other, they are attached to
a region of the tire sidewall 14, as described above.
[0039] FIGS. 3 & 4 depict the operation in sequence
of the pump assembly 20 and compression actuator as-
sembly 19. FIG. 3 shows the pump assembly 20 with the
pistons 74, 82 in at rest positions. The position shown
correlates with a position of the assemblies 19, 20 mount-
ed to a rolling tire at a rotational position opposite from
the tire footprint (e.g., at the top of the rotating tire 12).
The sidewall 14 area supporting assemblies 19, 20 when
opposite the tire footprint is therefore not flexed or bent
from the contact with ground surface. Accordingly, the
compression actuator body 44 has no bending deforma-
tion generally correlating with the curvature of the unbent
sidewall 14 and the unbent compression actuator body.
The medium 48 enclosed within the body 44 is generally
at rest and contacts the leading surface 60 within the
conduit 50 against the upper end of piston 74. The piston
74 may be biased against the leading surface 60 by the
first spring 92.

[0040] Inthe "atrest" position of FIG. 3, the piston pro-
jection 78 is longitudinally above the inlet opening 67 of
the inlet conduit 66. As a result, air from outside of the
tire 12 is admitted through the filter 117 and into the axial
air chamber 64. The piston 82 is biased in an axially
raised position within the axial air chamber 64 by the
spring 94 thereby blocking off the outlet opening 73 of
the outlet conduit 70. The springs 92, 94 are under an
extended or relatively uncompressed condition limited
by the dimensions of the pump assembly 20. The relief
valve assemblies are generally in a closed position so
long as the medium pressure remains below a predeter-
mined pressure.

[0041] As the region of the sidewall 14 carrying the
assemblies 19, 20 rotates into a position proximate/ad-
jacent to the tire footprint, the sidewall flexes and bends
under load, causing a commensurate flexing of the com-
pression actuator body 44 (FIG. 4). The non-compress-
ible medium 48, a viscoelastic material, in response to
the bending of the compression actuator body 44, is
forced toflow down within the outlet conduit 50 and exerts
a downward pressure on the first piston 74. The leading
end surface 60 of the medium 48 bear against the out-
ward/upper surface of the first piston 74 and may over-
come the resistance of first spring 92 by compression of
first spring thereby allowing the first piston to move lower
into the axial air chamber 64. The piston projection 78
thus moves into a position blocking air intake into the
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axial air chamber 64 through the inlet opening 67 and
compresses the volume of air within the axial air chamber
64. The increased pressure within the axial air chamber
64 forces the second piston 82 lower within the axial air
chamber 64 and compresses the coil spring 94.

[0042] When the piston 82 has moved a sufficient axial
distance within the axial air chamber 64, the outlet open-
ing 73 ceases to be obstructed by the piston 82. Pressu-
rized air from the axial air chamber 64 may thus be forced
through the outlet opening 73 and into the tire cavity.
When the pumping of air is complete and pressure within
axial air chamber 64 against the second piston 82 is dis-
continued (e.g., by further rotation of the tire 12), the pis-
ton 82 is forced axially upward and back into the "at rest"
position (FIG. 3).

[0043] Once removal of the quantity of pressurized air
within the axial air chamber 44 into the tire cavity is com-
plete, with further rotation of the tire 12, the assemblies
19, 20 and the attachmentregion 121 of sidewall 14 leave
the high stress position proximate/adjacent the tire foot-
printandthetire sidewall region 46 resume an unstressed
curvature (FIG. 3). The return of the sidewall 14 to an
original curvature configuration away from the tire foot-
print may be accompanied by, and synchronous with, a
return of the compression actuator body 44 to an un-
bent/unstressed configuration. As the compression ac-
tuator body 44 resumes its original curvature, and con-
currently with the end of the pumping cycle, the second
piston 82 moves axially upward under the influence of
second spring 94 thereby forcing the second piston 74
in an upward movement. The viscoelastic medium 48
recedes into the original containment form of the com-
pression actuator body 44 and the pumping of air into
the tire cavity may be discontinued until the assemblies
19, 20 rotate back into alignment proximate/adjacent the
tire footprint.

[0044] With each revolution of the tire 12, the pumping
of air from the axial air chamber 64 into the tire cavity
occurs in cyclic fashion. It will be appreciated that the
operation of the air pumping action is independent of the
direction of tire revolution and may occur with either a
forward or reverse tire rotation.

[0045] Referring to FIGS. 5-7, another example Self-
Inflating Tire System 110, or Air Maintenance Tire Sys-
tem, in accordance with the present invention has a tire
112 having a carcass, a pair of sidewalls 114, a pair of
beads 116, and a tread 118. The system 110 may be
configured to be self-inflating by inclusion of a pump as-
sembly 120 and a compression actuator assembly 119
coupled thereto, both of which may be attached to the
tire 112 in a post-cure assembly procedure. As shown in
FIG. 5, the assembly 119 may be mounted to one sidewall
114 by application of an adhesive to a base pad 121. The
base pad 121 may then be mounted to the sidewall 114.
The tire 112 mounts to a rim (not shown) having a tire
mounting surface and an outer rim flange extending from
the tire mounting surface. The tire 112 may furtherinclude
an inner liner component 128 defining and enclosing an
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internal air cavity 130. Adhesive may be applied to the
sidewall region of the inner liner 128 as depicted by the
base pad/adhesive area 121. The tire 112 further in-
cludes lower sidewall regions 132 proximate to the beads
116 of the tire.

[0046] The tire 112 mounts to a vehicle and engages
aground surface 134. Contact area between the tire 112
and the ground surface 134 represents a tire footprint
(as defined above). The compression actuator assembly
119 may mount to a sidewall region 142 of the tire 112
having a relatively high flex-deformation as the tire ro-
tates and contacts the ground surface 134 as shown in
FIGS. 6-7. The assembly 119 is shaped to facilitate piv-
otingduringrotation of the tire 112. As thetire 112 rotates,
the compression actuator assembly 119 and pump as-
sembly 120 rotate with the tire. The compression actuator
assembly 119 are subjected to compression forces re-
sulting from the sidewall 114 flexing and/or bendingwhen
the compression actuator assembly is adjacent the tire
footprint, as explained below.

[0047] FIG. 6 shows the compression actuator assem-
bly 119 and pump assembly 120 in a location in a non-
compressed area of the tire 112, while FIG. 7 shows the
assemblies 119, 120 in a compressed area of the tire. In
the position of FIG. 7, the compression actuator assem-
bly 119 is subjected to the compression forces generated
within the tire footprint by the contact surface 134. The
tire 112 may rotate in a first direction and in an opposite
second direction during normal operation of a vehicle and
the system 110. As such, the coupled assemblies 119,
120 may rotate with the tire 112 in both directions and
may be subjected to compression/bending forces gen-
erated within the sidewall 114 in both the first and second
rotational directions.

[0048] As shown in FIGS. 5-7, the compression actu-
ator assembly 119 includes an elongate hollow contain-
ment body 144 formed from a resilient deformable ma-
terial composition, such as, for example, a thermoplastic
resin and/or rubber compound. The elongate body 144
is thus capable of reciprocally and resiliently undergoing
a cyclic deformation into a deformed state (FIG. 7) when
subjected to bending force by the contact surface 134
and recovery into an original non-deformed state (FIG.
6). The elongate body 144 of FIGS. 5-7 is sized and
shaped to follow the inner contour of the tire sidewall 114
and innerliner 128 from proximate the tread 118 to prox-
imate a bead 116. The hollow, elongate form of the con-
tainment body 144 may be affixed to the inner liner 128
of the tire 112 at the adhesive region 121 or modified
further for incorporation into the tire sidewall 114, as ex-
plained below.

[0049] Alternatively, the system 110 may further in-
clude a clamp member 191 for adjusting/facilitating com-
pression of the elongate body 144 during cyclic pumping
operation of the system (FIGS. 6-7). The clamp member
191 may be a single piece structure formed from a resil-
ient deformable material composition, such as, for exam-
ple, a thermoplastic resin and/or rubber compound. Ad-
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ditionally, the clamp member 191 may be a two piece
structure including a first piece 1911 formed from a first
material and a second piece 1912 formed from a second
material different from the first material. Thus, the clamp-
ing member 191 may be tuned/tailored accordingly de-
pending upon the desired bending characteristics of the
elongate body 144 and/or the clamping member 191.
[0050] The tear-drop shaped containment body 144
may include an enclosed central reservoir cavity 146
filled with a volume of a non-compressible medium 148
(FIGS. 6 & 7). The medium 148 may be in foam and/or
fluid form. The medium 148 may include water with an
antifreeze additive. The medium 148 may be enclosed
by the body 144 within the cavity 146 and may generally
fill the cavity. The containment body 144 preferably in-
cludes an outlet conduit 150 extending generally axially
from the containment body and containing an inner outlet
conduit bore 151 through which a displaced quantity of
the medium 148 may travel in reciprocal directions. The
conduit 150 may extend to a leading end 160.

[0051] Positioned as shown in FIGS. 6-7, the contain-
ment body 144 is subjected to bending forces from the
tire sidewall 114 and the clamping member 191 as the
region of the sidewall to which the containment body at-
taches passes proximate/adjacentto the tire footprintand
is compressed by forces from the contact surface 134 on
the tread 118 (FIG. 7). Bending forces applied to bend
the sidewall region 114 and clamping member 191 cause
acommensurate bending deformation of the medium 148
and the containment body 144, as shown in FIG. 7. The
deformation introduced into the containment body 144
by the bending tire sidewall 114 proximate to the tire foot-
print thus causes displacement of a quantity of the me-
dium 148 along the outlet conduit 150 toward the leading
end 160. Pressure from the displaced medium 148 acts
as a pressure actuator to the pumping assembly 120, as
explained below. When the tire sidewall 114 to which the
containment body 144 attaches rotates away from the
tire footprint, such as a position at the upper part of the
tire 112, the compression force in the sidewall 114 and
clamping member 191 may thus be removed/lessoned,
causing a commensurate removal/lessoning of bending
force into the containment body 144. Removal of the
bending force allows the containment body 144 to
resume its original/initial, non-deformed state (FIG. 6)
and the medium 148 to recede within the conduit 150 in
a direction away from the leading end 160.

[0052] This cycle of sidewall bending and unbending
translates into a cyclic deformation and restoration of the
containment body 144 and clamping member 191 as the
tire 112 rotates in either forward or reverse directions and
generates a cyclic compression force from the displaced
medium 148 along the conduit 150. The compression
force from the displaced medium 148 is preferably pro-
portionate to the pressure generated by the displaced
quantity of the non-compressible medium in the direction
of the displaced medium 148.

[0053] The pump assembly 120 may be affixed to the
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carcass of the tire 112 or base pad 121 at a location
adjacent the compression actuating assembly 119, for
example, in an inward radial direction relative to com-
pression actuating assembly. The pumping assembly
120 may include a hollow compressor body 162 of gen-
erally tubular form with an internal, axially oriented air
chamber 164 (FIG. 6) extending to a lower chamber end
165. The air chamber 164 is accessible through an inlet
conduit 166 which intersects the air chamber at an inlet
opening 167. The compressor body 162 and inlet conduit
166 may be formed of a rigid material, such as metal or
plastic. The inlet conduit 166 are generally elongate and
tubular having an inlet axial passageway 168 communi-
cating with the air chamber 164 via the inlet opening 167.
On an opposite side of the compressor body 162, an
outlet conduit 170 of generally tubular form may have an
axial passageway 172 extending therethrough and com-
municating with the air chamber 164 at an outlet opening
173. Theinlet conduit 166 and the outlet conduit 170 may
be longitudinally and/or radially offset, with inlet conduit
166 nearest the actuating assembly 119 and the outlet
conduit 170 farther away from the actuating assembly.
[0054] Similar to the system 10, a cylindrical piston
member 174 may be sized for sliding within a first /upper
end of the axial air chamber 164 of the compressor body
162. A piston projection 178 may extend longitudinally
through the axial air chamber 164 and away from the
leading end 160 of the conduit 150. The piston projection
178 functions as a collector for air which may be ejected
from the pump assembly 120. A coil spring 192 may sur-
round the piston projection 178 and seat against a lower
surface of the piston 174 and a ridge about the wall of
the first/upper end of the axial air chamber 164 thereby
biasing the piston 174 toward the leading end 160.
[0055] A miniature check valve 182 may be sized may
be disposed within a second/lower end of the axial air
chamber 164 of the compressor body 162. The check
valve 182 thereby only allows air out of the axial air cham-
ber 164. Extending axially from the outlet conduit 150
may be a relief valve 1 (not shown) (FIG. 5) that relieves
excess medium pressure within the compressor body
162.

[0056] Seated within the inlet axial passageway 168
may be a porous filter component (not shown) that func-
tions to filter out particulates from entering the inlet axial
passageway. As described above, the actuation assem-
bly 119 may be incorporated into a region of the sidewall
114 of the tire 112 that experiences a high bending load
as the tire rotates. The actuation assembly 119 may ei-
ther be incorporated within the sidewall 114 or affixed to
the sidewall 114 by adhesive, as shown at 121. In the
externally mounted assembly approach shown in FIG. 5,
the containment body 144 may be complementarily
shaped and curved as the sidewall region to which it at-
taches and extends generally from a radially outward end
proximate the tread region 118 radially inward along the
sidewall attachment region 121 to a radially inward end
proximate a bead region.
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[0057] The pumping assembly 120 and clamping
member 191 may attach to an inward end of the actuation
assembly 119 by adhesive or other suitable attachment
means. The coupled actuation assembly 119, pumping
assembly 20, and clamping member 191 may mount by
adhesive attachment to the inner liner 128 of the tire 112
with the pumping assembly 20 proximate to the carcass
bead/lower sidewall region 132. So positioned, the inlet
passageway 168 projects in a generally axial direction
through the tire sidewall 114 to an external air-accessible
outer tire sidewall side location. Position of the inlet pas-
sageway 168 may be radially outward, or above, the rim
flange so that the rim flange does not interfere with intake
air entering the inlet passageway of the pumping assem-
bly 120.

[0058] The outlet conduit 150 of the compression as-
sembly 119 may couple to the upper end of the pump
assembly 120 as the outlet conduit sealingly engages
the upper end of the pump assembly. Once the assem-
blies 119, 120 are attached to each other, they along with
the clamping member 191 may be attached to a region
of the tire sidewall 114, as described above.

[0059] FIGS. 6 & 7 depict the operation in sequence
of the pump assembly 120 and compression actuator
assembly 119. FIG. 3 shows the pump assembly 120
with the piston 174 in an "at rest" position. The position
shown correlates with a position of the assemblies 119,
120 mounted to a rolling tire at a rotational position op-
posite from the tire footprint (e.g., at the top of the rotating
tire 112). The sidewall 114 area supporting assemblies
119, 120, when opposite the tire footprint, is therefore
not flexed or bent from the contact with ground surface.
Accordingly, the compression actuator body 144 has no
bending deformation generally correlating with the cur-
vature of the unbent sidewall 114 and the unbent com-
pression actuator body. The medium 148 enclosed within
the body 144 is generally at rest and contacts the leading
surface 160 within the conduit 150 against the upper end
of the piston 174. The piston 174 may be biased against
the leading surface 160 by the spring 192.

[0060] Inthe "atrest" position of FIG. 6, the piston pro-
jection 178 is longitudinally above the inlet opening 167
of the inlet conduit 166. As a result, air from outside of
the tire 112 is admitted through the inlet conduit 166 and
into the axial air chamber 164. The check valve 182 is
biased against inlet of air through the outlet opening 173
of the outlet conduit 170. The spring 192 is under an
extended or relatively uncompressed condition limited
by the dimensions of the pump assembly 120. The relief
valve 1 is generally in a closed position so long as the
medium pressure remains below a predetermined pres-
sure.

[0061] As the region of the sidewall 114 carrying the
assemblies 119, 120rotates into a position proximate/ad-
jacent to the tire footprint, the sidewall flexes and bends
under load, causing a commensurate flexing of the com-
pression actuator body 144 (FIG. 7). The non-compress-
ible medium 148, a viscoelastic material, in response to
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the bending of the compression actuator body 144, is
forced to flow down within the outlet conduit 150 and
exerts a downward pressure on the piston 174. The lead-
ing end surface 160 of the medium 148 bears against
the outward/upper surface of the piston 174 and may
overcome the resistance of the spring 192 by compres-
sion of first spring thereby allowing the piston to move
lower into the axial air chamber 164. The piston projection
178 thus moves into a position blocking air intake into
the axial air chamber 164 through the inlet opening 167
and compresses the volume of air within the axial air
chamber 164. The increased pressure within the axial air
chamber 164 force the check valve 182 into an open/out-
let position.

[0062] Thus, the outlet opening 173 ceases to be ob-
structed by the check valve 182. Pressurized air from the
axial air chamber 164 is thus forced through the outlet
opening 173 and into the tire cavity 130. When the pump-
ing of air is complete and pressure within axial air cham-
ber 164 againstthe check valve 182 is discontinued (e.qg.,
by further rotation of the tire 112), the check valve returns
to its biasedly closed, or "at rest", position (FIG. 3).
[0063] Once removal of the quantity of pressurized air
within the axial air chamber 144 into the tire cavity 130
is complete, with further rotation of the tire 112, the as-
semblies 119, 120 and the attachment region or base
pad 121 of sidewall 114 leave the high stress position
proximate/adjacent the tire footprint and the tire sidewall
region may resume an unstressed curvature (FIG. 3).
The return of the sidewall 114 to an original curvature
configuration away from the tire footprint may be accom-
panied by, and synchronous with, a return of the com-
pression actuator body 144 and clamping member 191
to an unbent/unstressed configuration. As the compres-
sion actuator body 144 resumes its original curvature,
and concurrently with the end of the pumping cycle, the
check valve 182 closes off the outlet opening 173. The
viscoelastic medium 148 recedes into the original con-
tainment form of the compression actuator body 144 and
the pumping of air into the tire cavity 130 may be discon-
tinued until the assemblies 119, 120 rotate back into
alignment proximate/adjacent the tire footprint.

[0064] With eachrevolutionofthetire 112, the pumping
of air from the axial air chamber 164 into the tire cavity
130 may occur in cyclic fashion. It will be appreciated
that the operation of the air pumping action is independ-
ent of the direction of tire revolution and may occur with
either a forward or reverse tire rotation.

[0065] FIG. 8 shows a side view of another compres-
sion actuator body 244 in accordance with the present
invention for use with the system 110 of FIGS. 5-7. The
compression actuator body 244 has a first linear region
246 and a second linear region 248 both facing the tire
cavity 130. The conjunction of the two linear regions 246,
248 facilitates pivoting of the compression actuator body
244 and compression of the medium 148 when the side-
wall 114 is proximate/adjacent the footprint of the tire
112. FIG. 9 shows a front view of the rectangular or quad-
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rilateral shape of the compression actuator body 244 of
FIG. 8.

[0066] FIG. 10 shows a side view of another compres-
sion actuator body 344 in accordance with the present
invention for use with the system 110 of FIGS. 5-7. The
compression actuator body 344 has a first linear region
346 and a second linear region 348 both facing the tire
cavity 130. The conjunction of the two linear regions 346,
348 facilitates pivoting of the compression actuator body
344 and compression of the medium 148 when the side-
wall 114 is proximate/adjacent the footprint of the tire
112. FIG. 11 shows an octagonal front view of the com-
pression actuator body 344 of FIG. 10.

[0067] FIG. 12 shows a side view of another compres-
sion actuator body 444 in accordance with the present
invention for use with the system 110 of FIGS. 5-7. The
compression actuator body 444 has a first curved region
346, a second notched region 348, and a third linear re-
gion450 allfacing the tire cavity 130. The second notched
region 348 facilitates pivoting of the compression actua-
tor body 444 and compression of the medium 148 when
the sidewall 114 is proximate/adjacent the footprint of the
tire 112. FIG. 13 shows an octagonal front view of the
compression actuator body 444 of FIG. 12.

[0068] FIG. 14 shows a schematic sectional view of
another compression actuator body 544 in accordance
with the present invention under an unbent condition for
use with the system 110 of FIGS. 5-7. The compression
actuator body 544 has internal notched regions 546 and
external notched regions 548. Both the internal and ex-
ternal notched regions 546, 548 facilitate pivoting of the
compression actuator body 544 and compression of the
medium 148 when the sidewall 114 is proximate/adjacent
the footprint of the tire 112. FIG. 15 shows the compres-
sion actuator body 544 under this bent condition.

Claims

1. Atire having a tire cavity (30), first and second side-
wallls (14) extending respectively from first and sec-
ond tire beads (16) to a tire tread (18), the tire (12)
comprising a compression actuator means (19)
mounted to the tire (12) within the tire cavity (30) for
delivering air to the tire cavity (30), the compression
actuator means (19) comprising a containment body
(44) formed from a resilient deformable material
composition and containing a quantity of a non-com-
pressible medium (48), wherein the containment
body (44) is configured to reciprocally transform be-
tween a deformed state and a non-deformed state
responsive to a deformation and recovery of the tire
(12) when the tire (12) is rotating under load, and
wherein the containment body (44), in the deformed
state, is configured to displace a quantity of the non-
compressible medium (48) for generating a com-
pression force to deliver a volume of air to the tire
cavity (30), the containment body (44) being shaped
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to facilitate pivoting during rotation of the tire (12).

The tire of claim 1 wherein the containment body
(44) operationally undergoes one cyclic deformation
between the deformed state and the non-deformed
state within one rotation of the tire (12).

The tire as set forth in claim 1 or 2 wherein the cyclic
deformation of the containment body (44) occurs in
either a forward or rearward direction of tire rotation.

The tire as set forth in at least one of the previous
claims further comprising a relief valve mounted to
the tire (12) for releasing air from the tire cavity (30)
in case tire cavity air pressure exceeds a preset tire
inflation pressure.

The tire as set forth in at least one of the previous
claims wherein deformation of the containment body
(48) is induced by a bending of one of the first and
second sidewalls (14).

The tire as set forth in at least one of the previous
claims further comprising a pump assembly (120)
affixed to one of the first and second sidewalls (14),
the pump assembly (120) comprising a compressor
body affixed to the containment body (44) and having
an air chamber, the air chamber having aninletopen-
ing for admitting air into the air chamber and an outlet
opening for conducting air from the air chamber to
thetire cavity (30), the compressor body further com-
prising afirstvalve means and asecond valve means
preferably within the compressor body for recipro-
cally opening and closing the inlet opening and the
outlet opening, respectively, synchronously with cy-
clic deformation of the containment body (44).

The tire as set forth in claim 6 further comprising a
relief valve means for releasing air from the tire cavity
(30) in case air pressure within the tire cavity (30)
exceeds a predetermined pressure, the relief valve
means being affixed to the compressor body and
comprising a relief valve and an air flow passageway
from the relief valve positioned to operationally re-
verse flow air from the tire cavity (30) through the
compressor body and out of the inlet opening of the
compressor body.

The tire as set forth in claim 6 or 7 wherein the first
and second valve means operate as a first one-way
valve and a second one-way valve, respectively, po-
sitioned at separate locations in the air chamber of
the compressor body.

The tire as set forth in at least one of the claims 6 to
8 wherein the first valve means comprises a piston
member seated within the air chamber of the com-
pressor body, the piston member cyclically moving
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between open and closed positions synchronous
with cyclic deformation of the containment body (44),
and the piston member operatively opening and ob-
structing the inlet opening of the compressor body.

The tire as set forth in at least one of the previous
claims wherein the containment body (44) has a first
linear region and a second linear region both facing
the tire cavity (30), conjunction of the two linear re-
gions facilitating pivoting of the containment body
(44) and compression of the medium (48) when the
sidewall (14) is proximate a footprint of the tire (12).

The tire as set forth in at least one of the previous
claims wherein the containment body (44) has a first
curved region, a second notched region, and a third
linear region all facing the tire cavity (30), the second
notched region facilitating pivoting of the contain-
ment body (44) and compression of the medium (48)
when the sidewall (14) is proximate a footprint of the
tire (12).

The tire as set forth in at least one of the previous
claims wherein the containment body (44) has inter-
nal notched regions and external notched regions,
the internal and external notched regions facilitating
pivoting of the containment body (44) and compres-
sion of the medium (48) when the sidewall (14) is
proximate a footprint of the tire (12).

The tire as set forth in at least one of the previous
claims wherein the containment body (44) has a cur-
vature complimentary to a curvature of the sidewall
(14) from radially outward of the containment body
(44) to radially inward of the containment body (44).

The tire as set forth in at least one of the previous
claims further comprising a clamp member (191) for
facilitating pivoting of the containment body (44) and
compression of the medium (48) when the sidewall
(14) is proximate a footprint of the tire (12).

The tire as set forth in at least one of the previous
claims wherein the tire (12) is a self-inflating tire.
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