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Angled Deployment
360 Degree
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Angled Deployment
720 Degree
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Angled Deployment
1080 Degree
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1
PERISTALTIC PUMP AIR MAINTENANCE
TIRE

FIELD OF THE INVENTION

The invention relates generally to air maintenance tires
and, more specifically, to a pump mechanism for supplying
air into such tires.

BACKGROUND OF THE INVENTION

Normal air diffusion reduces tire pressure over time. The
natural state of tires is under inflated. Accordingly, drivers
must repeatedly act to maintain tire pressures or they will see
reduced fuel economy, tire life and reduced vehicle braking
and handling performance. Tire Pressure Monitoring Sys-
tems 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, there-
fore, to incorporate a self-inflating feature within a tire that
will self-inflate the tire in order to compensate for any reduc-
tion in tire pressure over time without the need for driver
intervention.

SUMMARY OF THE INVENTION

In one aspect of the invention, an annular air passageway is
integrally formed and enclosed within a tire sidewall and
forms one or more loop(s) circumscribing the tire sidewall.
The air passageway progressively flattens segment by seg-
ment from a rolling tire closing patch causing air to be
pumped progressively along the air passageway. An inlet air
passageway portal and an outlet air passageway portal are
positioned along the annular passageway in proximal rela-
tionship operative to place the inlet air passageway portal and
the outlet air passageway portal within a common passage-
way segment closing patch as the tire rotates.

In another aspect, the inlet air passageway portal and the
outlet air passageway portal are located at respective inlet and
outlet air passageway ends in an offset relationship. The offset
may take the form of placing the inlet and outlet portals in a
diagonally offset relationship or, alternatively, a relationship
in which the portals are adjacent and axially offset or adjacent
and radially superimposed.

According to a further aspect, the air passageway forms
multiple loops or turns that circumscribe the tire sidewall
between inlet and outlet ends of the air passageway.

DEFINITIONS

“Aspect ratio” of the tire means the ratio of its section
height (SH) to its section width (SW) multiplied by 100
percent for expression as a percentage.

“Asymmetric tread” means a tread that has a tread pattern
not symmetrical about the center plane or equatorial plane EP
of the tire.

“Axial” and “axially” means lines or directions that are
parallel to the axis of rotation of the tire.

“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.

“Circumferential” means lines or directions extending
along the perimeter of the surface of the annular tread per-
pendicular to the axial direction.
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“Equatorial Centerplane (CP)” means the plane perpen-
dicular to the tire’s axis of rotation and passing through the
center of the tread.

“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.

“Groove” means an elongated void area in a tread that may
extend circumferentially or laterally about the tread in a
straight, curved, or zigzag manner. Circumferentially and
laterally extending grooves sometimes have common por-
tions. The “groove width” is equal to tread surface area occu-
pied by a groove or groove portion, the width of which is in
question, divided by the length of such groove or groove
portion; thus, the groove width is its average width over its
length. Grooves may be of varying depths in a tire. The depth
of'a groove may vary around the circumference of the tread,
or the depth of one groove may be constant but vary from the
depth of another groove in the tire. If such narrow or wide
grooves are substantially reduced depth as compared to wide
circumferential grooves which the interconnect, they are
regarded as forming “tie bars™ tending to maintain a rib-like
character in tread region involved.

“Inboard side” means the side of the tire nearest the vehicle
when the tire is mounted on a wheel and the wheel is mounted
on the vehicle.

“Lateral” means an axial direction.

“Lateral edges” means a line tangent to the axially outer-
most tread contact patch or footprint as measured under nor-
mal load and tire inflation, the lines being parallel to the
equatorial centerplane.

“Net contact area” means the total area of ground contact-
ing tread elements between the lateral edges around the entire
circumference of the tread divided by the gross area of the
entire tread between the lateral edges.

“Non-directional tread” means a tread that has no preferred
direction of forward travel and is not required to be positioned
on a vehicle in a specific wheel position or positions to ensure
that the tread pattern is aligned with the preferred direction of
travel. Conversely, a directional tread pattern has a preferred
direction of travel requiring specific wheel positioning.

“Outboard side” means the side of the tire farthest away
from the vehicle when the tire is mounted on a wheel and the
wheel is mounted on the vehicle.

“Peristaltic” means operating by means of wave-like con-
tractions that propel contained matter, such as air, along tubu-
lar pathways.

“Radial” and “radially” means directions radially toward
or away from the axis of rotation of the tire.

“Rib” means a circumferentially extending strip of rubber
on the tread which is defined by at least one circumferential
groove and either a second such groove or a lateral edge, the
strip being laterally undivided by full-depth grooves.

“Sipe” means small slots molded into the tread elements of
the tire that subdivide the tread surface and improve traction,
sipes are generally narrow in width and close in the tires
footprint as opposed to grooves that remain open in the tire’s
footprint.

“Tread element” or “traction element” means a rib or a
block element defined by having a shape adjacent grooves.

“Tread Arc Width” means the arc length of the tread as
measured between the lateral edges of the tread.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by way of example and
with reference to the accompanying drawings in which:
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FIG. 1 is an isometric view of tire, rim and peristaltic pump
tube.

FIG. 2 is a side view oftire with location of tubing and inlet
and outlet portal location with the tire rotating against a
ground surface

FIG. 3A is a sectional view taken along the line 3A-3A of
FIG. 2.

FIG. 3B is enlarged sectional view of the tire sidewall and
tube location region as identified in FIG. 3A.

FIG. 4A is a 360 degree peristaltic tube configuration
showing angled deployment.

FIG. 4B is an enlarged perspective view of the ends of the
tube of FIG. 4A.

FIG. 4C is a 720 degree peristaltic tube configuration
showing angled deployment.

FIG. 4D is an enlarged perspective view of the ends of the
tube of FIG. 4C.

FIG. 4E is a 1080 degree peristaltic tube configuration
showing angled deployment.

FIG. 4F is an enlarged perspective view of the ends of the
tube of FIG. 4E.

FIG. 5 is a sectional view through a tire sidewall region
showing a 360 degree peristaltic tube mounted in an aligned
spin orientation.

FIG. 6 is a sectional view through a tire sidewall region
showing a 360 degree peristaltic tube mounted in a superim-
posed spin orientation.

FIG. 7 is a sectional view through a tire sidewall region
showing a 360 degree peristaltic tube mounted in a diagonal-
right spin orientation.

FIG. 8 is a sectional view through a tire sidewall region
showing a 360 degree peristaltic tube mounted in a diagonal-
left spin orientation.

FIG. 9 is a sectional view through a tire sidewall region
showing a 720 degree peristaltic tube mounted in an aligned
spin orientation.

FIG. 10 is a sectional view through a tire sidewall region
showing a 720 degree peristaltic tube mounted in a superim-
posed spin orientation.

FIG. 11 is a sectional view through a tire sidewall region
showing a 720 degree peristaltic tube mounted in a diagonal-
right spin orientation.

FIG. 12 is a sectional view through a tire sidewall region
showing a 720 degree peristaltic tube mounted in a diagonal-
left spin orientation.

DETAILED DESCRIPTION OF THE INVENTION

U.S. Pat. No. 8,113,254, entitled “Self-Inflating Tire”,
issued Feb. 14, 2012, incorporated herein by reference,
teaches a closed loop peristaltic air maintenance tire assem-
bly in which a closed loop tube insert mounts into a tire
sidewall groove in a post-cure assembly procedure. Air is
admitted into the tube air passageway through an inlet portal
and exits from the tube from an outlet port into the tire cavity.
The tube progressively flattens segment by segment as the tire
rotates to pump air from outside the tire along the air tube
passageway and to the tire cavity. The insertion of the annular
tube insert into a sidewall groove limits the geometric con-
figuration of the tube insert to a one plane, single loop form.
Once inserted into a sidewall groove, the closed loop tube
circumscribes the tire sidewall. The inlet and outlet portals of
the system are fitted with inlet and outlet valves positioned
180 degrees apart along the tube insert.

Referring initially to FIGS. 1, 2, 3A and 3B, the subject
invention is directed to a built-in peristaltic air maintenance
tire assembly in which an air passageway is formed within a
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tire sidewall during tire build. The geometric form of the air
passageway is not one dimensional as with the system of U.S.
Pat. No. 8,113,254. In the air pumping system of FIGS. 1, 2,
3A and 3B, a peristaltic air maintenance tire assembly 10 is
shown to include a tire 12 and an air pumping built-in peri-
staltic pumping assembly 14. The tire is of conventional con-
struction having a pair of tire sidewalls 16, 22 extending
respectively from bead regions 18, 24 to a crown or tread
region 20. The tire during tire build is adapted to incorporate
aperistaltic air passageway 26 built in to one or both of the tire
sidewalls 16, 22. The built-in air passageway 26 pumps air
from outside of the tire along the passageway and into the tire
cavity from pumping actuation force generated from rota-
tional movement of the tire. FIGS. 3A and 3B show the lower
sidewall location of the air passageway 26 above the bead
region 18.

The air passageway 26 forms one or more loops within the
sidewall 16 as will be explained and generally circumscribes
a lower region of the sidewall 16 above the bead region 18. A
discontinuity in the air passageway forms a gap between
opposite passageway end holes 28, 30. The end holes 28, 30
of'the passageway are closely adjacent and represent inlet and
outlet holes or portals by which air enters and exits the pas-
sageway 14. Within the end holes 28, 30, respectively, inlet
and outlet valves 32, 34 are mounted, as indicated by T}, ;., and
T,,u1e: @ FIG. 1, the inlet valve 32 communicating with air
outside of the tire and the outlet valve 34 directing air from
within the passageway 14 to the tire cavity. Valve construction
and configuration are shown in U.S. Pat. No. 8,042,586,
entitled “Self-Inflating Tire Assembly” incorporated herein
by reference.

As shown in FIG. 2, when the tire 12 rotates against a
ground surface 36, regions of the tread 20 progressively
engage the ground and form a footprint or, as herein referred,
a closing segment 38. Forces 40 generated from engagement
of closing segment 38 with ground surface 36 are radially
directed into the tire and into the sidewall 16 to the air pas-
sageway 26. Such forces directed as shown by numeral 44
encounter and flatten a segment 40 of the passageway 26.
Further rotation of the tire in the direction indicated causes the
passageway 26 within sidewall 16 to flatten segment by seg-
ment, thereby forcing air along the passageway from the inlet
hole or portal 28 to the outlet hole or portal 30 as shown by
directional arrow 41.

It will be seen that the holes 28, 30 are proximally located
within the sidewall such that the inlet and outlet holes are
located simultaneously in the air passageway closing patch
38. It will further be noted as explained that the length of the
air passageway 26 may be adjusted so that several loops or
rounds are created along the circumference of the tire side-
wall 16. “A tube angle” is formed, defined as n*360 degrees
and represents the number of complete rounds or loops cre-
ated by the air passageway 26 within the sidewall 16. A
“closing patch angle” is the portion of a 360 degree round
represented by the closing patch segment 38. The air passage-
way length may be adjusted to adjust the relative proximity
between the inlet and outlet holes, thereby ensuring that the
holes 28, 30 will be located simultaneously in a common
passageway closing patch 38 as the tire rotates.

The air passageway angle is defined as n*360 degrees
where “n” represents the number of rounds or loops of the
passageway along the circumference of the tire. In the single
loop or round embodiment shown in FIGS. 4A and 4B, the air
passageway in an angled deployment of 360 degrees. The end
holes 28, 30 of the air passageway 26 may be positioned as
shown to be offset with respect to each other while residing
within a common closing patch segment of a rotating tire. In
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FIG. 4B, and FIG. 5 it will be seen that the 360 degree loop
terminates with the end holes 28, 30 in a side by side aligned
relationship in cross-section. Such a configuration is referred
to herein as a “360+degree-type having an aligned spin”. An
alternative 360 degree spin or loop configuration is shown in
FIG. 6 wherein the end holes 28, 30 are superimposed, and
thus the passageway orientation of FIG. 6 is referred to herein
as a “360+degree Superimposed Spin”. In FIG. 7, the loop is
configured to bring the end holes together at a diagonally
offset relationship. FIG. 7 shows a 360+degree Diagonal-
Right Spin configuration and FIG. 8 shows a 360+Degree
Diagonal-Left Spin configuration. The alternatively config-
ured embodiments set forth in FIGS. 5, 6, 7 and 8 are built into
the tire sidewall and function to position the peristaltic pump
air passageway in a desired angled deployment while posi-
tioning the inlet and outlet holes 28, 30 in close proximity.

The angle deployment configuration of the air passageway
26 may be altered into further alternative embodiments by
adjusting the length of the passageway and the number of
spins or loops created by the air passageway in the sidewall.
The single spin or 360 Degree Angled Deployment configu-
ration, as explained previously, is shown in FIGS. 4A and 4B.
In FIGS. 4C and 4D, an Angled Deployment 720 Degree
alternative configuration for the air passageway is shown
wherein the passageway forms two spins or loops 46, 48
along the circumference of the tire sidewall 16 between end
holes 28, 30. The additional length provided results in an
increased pumping air volume within the air passageway 26.
As with the 360 degree embodiment, the 720 degree embodi-
ment may be configured in several spin orientations as shown
in FIGS. 9, 10, 11 and 12. FIG. 9 represents a 720+Degree
Aligned Spin orientation, FIG. 10 a 720+Degree Superim-
posed Spin orientation, FIG. 11 a 720+Degree Diagonal-
Right Spin orientation and FIG. 12 a 720+Degree Diagonal-
Left Spin orientation. The 720 degree embodiments and
orientations likewise conclude with the inlet and the outlet
holes 28, 30 being positioned in close proximity such that
both inlet and outlet ends are within a common closing patch
segment of a rotating tire.

In FIGS. 4E and 4F, an Angled Deployment 1080 Degree
alternative configuration for the air passageway is shown
wherein the passageway forms three spins or loops 50, 52, 54
along the circumference of the tire sidewall between end
holes 28, 30. The additional length provided results in an even
greater pumping air volume within the air passageway. As
with the 360 and 720 degree embodiments, it will be under-
stood that the 1080 degree embodiment may be configured in
several spin orientations including a 1080+Degree Aligned
Spin orientation, a 1080+Degree Superimposed Spin orien-
tation, a 1080+Degree Diagonal-Right Spin orientation and a
1080+Degree Diagonal-Left Spin orientation (not shown).
The 1080 degree embodiments and orientations likewise con-
clude with the inlet and the outlet holes 28, 30 being posi-
tioned in close proximity such that both inlet and outlet ends
are within a common closing patch segment of a rotating tire.

By positioning the inlet and outlet holes 28, 30 simulta-
neously in a common closing patch segment (38 as shown in
FIG. 2), the mass of air that is pumped to a certain pressure
within the air passageway 26 is not lost during an incomplete
revolution (less than 360 degree tire rotation) cycle. The air
within the air passageway 26 is kept within the air passage-
way 26 for the next cycle and accumulates throughout the
re-inflation cycle. The pressure rise within the passageway 26
is a linear line. As soon as the inlet and the outlet holes 28, 30
are located simultaneously in the contact patch segment 38,
the pressure rising behavior is linear due to the accumulation
of pressurized mass of air in the pump passageway 26 after
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each non-complete cycle. The capacity of the pump is thus of
increased efficiency when compared to a 180 degree passage-
way configuration. With the tube angle=n*360 degrees, with
“n” representing either an integer or non-integer multiplier
times a complete revolution, the pressure rising behavior is
linear and increasing.

The system described previously will generally have a
check valve device at the outlet opening 30 in order to prevent
deflation of the tire cavity back through the pump passageway
26. Having several rounds or loops in the passageway con-
figuration 26 serves to prevent:

(1) the tire from deflating through the passageway 26 in the

event of anti-return (check valve) failure;

(2) the tire from deflating through the passageway 26 in the
event that one of the parts of the passageway within the
contact patch segment, i.e. the footprint, is no longer
pinched close due to extreme driving conditions such as
high cornering, high speeds;

(3) counter-acting changes in terms of compression areas
within the tire sidewall region, such as the chafer, due to
unexpected events such as road bumps, potholes, etc.,
which may otherwise cause the pump to leak and lose the
accumulated pressurized air; and

(5) counter-acting changes in terms of compression areas
within the tire sidewall region, such as the tire chafer,
due to rim widths variation which would otherwise
cause the pump to leak and the accumulated pressurized
air to be lost.

Thus, for the reasons above, it is desirable to have the
passageway 26 incorporate several turns or loops while main-
taining the inlet and outlet openings 28, 30 in close enough
proximity so as to occupy simultaneously the same closing
patch segment as the tire rotates.

Variations in the present invention are possible in light of
the description of it provided herein. While certain represen-
tative embodiments and details have been shown for the pur-
pose ofillustrating the subject invention, it will be apparent to
those skilled in this art that various changes and modifications
can be made therein without departing from the scope of the
subject invention. It is, therefore, to be understood that
changes can be made in the particular embodiments described
which will be within the full intended scope of the invention
as defined by the following appended claims.

What is claimed is:

1. A tire assembly comprising:

a tire having a tire cavity, sidewalls extending respectively
from first and second tire bead regions to a tire tread
region;

an annular air passageway integrally formed and enclosed
within a tire sidewall and forming at least one loop
substantially circumscribing the tire sidewall, the air
passageway operative to progressively flatten segment
by segment by a rolling tire closing patch, whereby
progressively pumping air along the air passageway;

an inlet air passageway portal located at an inlet end of the
annular passageway operative to pass air into the annular
passageway;

an outlet air passageway portal located at an outlet end of
the annular passageway, the outlet air passageway portal
operative in an open position to pass air from the annular
air passageway;

wherein the inlet air passageway portal and the outlet air
passageway portal are located in proximal locations
along the air passageway operative to place the inlet air
passageway portal and the outlet air passageway portal
within a common passageway segment closing patch of
the tire as the tire rotates; and
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wherein the annular passageway comprises a helical pas-
sageway formed by a plurality of loops circumscribing
the tire sidewall.

2. The tire assembly of claim 1, wherein the inlet and outlet
passageway ends are offset at terminal ends of the circular 5
loop.

3. The tire assembly of claim 2, wherein the inlet and outlet
passageway ends are in a diagonally offset; adjacent and
axially aligned or adjacent and radially superimposed rela-
tionship. 10



