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RAPID TIRE INFLATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]The present disclosure relates generally to a method and apparatus for adjusting air
pressure within a tire. More particularly, the system provides for the rapid change between a
field ready pressure and a road ready pressure for large agricultural tires when the
agricultural vehicles on which the tires are used move from a field environment to a road

environment and vice versa.

2. Description of the Prior Art

[0002]Large self-propelled agricultural equipment such as a tractor, combine harvester or
high clearance sprayer spends most of its operational time in or around a cultivated field. As
a result, the tires of the equipment are often adapted to address common concerns arising
from using heavy machinery over a cultivated field. One of the common concerns is soil
compaction. As large equipment travels over a given field, the soil beneath the equipment’s
tires will be compacted to increase in density. This soil compaction may be harmful to the
production or yield of the field. As soil compaction increases, the yield will often decrease.
In order to combat this problem, it is common for equipment operators to reduce the air
pressure of the tires when the equipment is in the field. Experience has shown that a
reduced tire air pressure can reduce the level of soil compaction in the field. As a result it
can also increase the production and efficiency of the field.

[0003]While this reduced tire air pressure may be preferable in the field environment, an
elevated tire pressure is still preferable when the equipment is traveling over a typical paved
road. The elevated tire pressure allows each tire to roll more efficiently and achieve a higher
maximum velocity. With many users being forced to transport their large agricultural
equipment extended distances from one field to another, speed and efficiency during
transport is important. However, the time needed to inflate or deflate a typical tire is often
a hindrance to the ability to rapidly and efficiently move the agricultural equipment from the
field environment to the road environment.

[0004]What is needed then is an improved tire inflation system addressing these concerns.
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SUMMARY OF THE INVENTION
[0005]In one aspect an inflation system for use with a wheel and a tire includes a divider
wall configured to divide an inner cavity of the tire into an upper chamber between a tread
portion of the tire and the divider wall, and a lower chamber between the divider wall and
the wheel. The system may include first and second pressure sensors arranged to be
communicated with the upper and lower chambers. A first valve has an open position for
communicating the upper and lower chambers and a closed position for isolating the upper
chamber from the lower system. A second valve is configured to selectively communicate the
lower chamber with a source of pressurized gas. A controller is operably associated with the
first and second pressure sensors and the first and second valves. The controller is configured
to define a field ready pre-charged mode wherein the upper chamber is inflated to a field
ready pressure in a range of from 4 psi to 16 psi, the first valve is closed and the lower
chamber is pre-charged to a pre-charged pressure. The pre-charged pressure is selected to
have a value such that upon opening of the first valve a transition from the field ready pre-
charged mode to a road ready mode wherein the upper chamber is inflated to a road ready
pressure in a range of from 20 psi to 40 psi occurs in a transition time of no more than ten
minutes.
[0006]In another embodiment a method is provided for inflating a tire mounted on a wheel.
The method may include:
@) inflating the tire to a field ready pressure in a range of from 4 psi to 16 psi;
(b) providing a high pressure gas reservoir within a cavity between the tire and the
wheel, and pressurizing the reservoir to a pre-charged pressure; and
(©) opening a valve communicating the reservoir with the cavity and inflating the
tire from the field ready pressure to a road ready pressure in a range of from
20 psi to 40 psi with the high pressure gas from the reservoir in a transition
time of no more than ten minutes.
[0007]In any of the above embodiments the transition time may be no more than five
minutes.
[0008]In any of the above embodiments the field ready pressure may be in a range of from
20% to 50% of the road ready pressure, and more preferably in a range of 25% to 40% of the
road ready pressure.
[0009]In any of the above embodiments the wheel, the tire and the divider wall may be

configured such that the upper chamber has an upper chamber volume and the lower
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chamber has a lower chamber volume, and the lower chamber volume is in a range of from
20% to 40% of a total of the upper chamber volume and the lower chamber volume.

[0010]In any of the above embodiments the pre-charged pressure may be in a range of from
40 psi to 120 psi, and more preferably the pre-charged pressure is no greater than about 100
psi.

[0011]In any of the above embodiments the divider wall may be a portion of a toroidal
bladder enclosing the lower chamber.

[0012]In any of the above embodiments the divider wall may be configured to sealingly
engage opposed sidewalls of the tire.

[0013]In any of the above embodiments the tire sidewalls may include bead portions and the
divider wall may include axially extending lips configured to be received between the bead
portions of the tire and the wheel.

[0014]In any of the above embodiments each bead portion may have a notch defined therein
and each axially extending lip of the divider wall may include a protrusion configured to fit
within the notch of its associated bead portion.

[0015]In any of the above embodiments each axially extending lip may include a protrusion
extending away from the bead portion and received in a complementary notch of the wheel.
[0016]In any of the above embodiments the divider wall may be integrally attached to the
sidewalls of the tire.

[0017]In any of the above embodiments the controller may be configured to define a
recharge mode wherein the first valve is closed, and the second valve is opened to
communicate the lower chamber with the source of pressurized gas. In the recharge mode
the lower chamber may recharge from the field ready pressure to the pre-charged pressure in
no more than about one hour.

[0018]In any of the above embodiments the controller may be configured to define a
deflation mode wherein the upper chamber is communicated with a low pressure zone and is
deflated from the road ready pressure to the field ready pressure within no more than five
minutes.

[0019]In any of the above embodiments the opening and closing of the respective valves may

be performed in response to electrical command signals received from the controller.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]Fig. 1 is a schematic cross-section view of a tire mounted on a wheel and having the

inflation system described herein.
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[0021]Fig. 2 is an enlarged view of the circled portion at the lower left of Fig. 1 showing one
embodiment of the axial lip construction of the divider wall.

[0022]Fig. 3 is a view similar to Fig. 2 showing an alternative embodiment of the axial lip of
the divider wall.

[0023]Fig. 4 is a view similar to Fig. 2 showing still another embodiment in which the divider
wall is integrally constructed with the sidewalls of the tire.

[0024]Fig. 5 is a cross-sectional view similar to Fig. 1, showing an alternative embodiment of
the divider wall wherein the divider wall is a portion of the toroidal bladder enclosing the
lower chamber.

[0025]Fig. 6 is a schematic cross-section view similar to Fig. 1 and showing the configuration
of the various valves and example pressures for one specific example wherein the tire and the
inflation system is in a field ready pre-charged mode.

[0026]Fig. 7 is a view similar to Fig. 6 showing the valve positions during transition from the
field ready pre-charged mode of Fig. 6 to the road ready mode, and also representative of the
road ready mode.

[0027]Fig. 8 is a view similar to Fig. 6 showing one possible valve positioning for the
discharge of pressure from the upper chamber to return the tire from road ready mode to
field ready mode.

[0028]Fig. 9 is a view similar to Fig. 6 showing a second possible valve arrangement for
returning the tire from the road ready mode to the field ready mode.

[0029]Fig. 10 is a view similar to Fig. 6 showing a valve arrangement for recharging the lower
reservoir chamber of the tire to return the tire to the field ready pre-charged condition of
Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0030]Following are definitions of selected terms employed herein. The definitions include
various examples and/or forms of components that fall within the scope of a term and that
may be used for implementation. The examples are not intended to be limiting. Both singular
and plural forms of terms may be within the definitions.

[0031]"Air" is understood to mean any inflating fluid suitable for use within a tire, including,
but not limited to, gases containing some amount of nitrogen or oxygen. Consequently, "air
pressure” is understood to mean the fluid pressure caused at least partially by the "air”

contained within a body.
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[0032]"Axial" and "axially” refer to directions which are parallel to the axis of rotation of a
tire.

[0033]"Bead” or “bead core” refers to that part of a tire comprising an annular tensile
member, the bead core, wrapped by ply cords and shaped, with or without other
reinforcement elements to fit a designed tire rim.

[0034]"Belt” or “belt ply" refers to an annular layer or ply of parallel cords, woven or
unwoven, underlying the tread, not anchored to the bead.

[0035] "Circumferential” refers to lines or directions extending along the perimeter of the
surface of the annular tread perpendicular to the axial direction.

[0036]"Cord" means one of the reinforcement strands of which the plies in the tire are
comprised.

[0037]"Crown" refers to substantially the outer circumference of a tire where the tread is
disposed.

[0038]"Equatorial plane (EP)" refers to a plane that is perpendicular to the axis of rotation of
a tire and passes through the center of the tire's tread.

[0039]"Inner liner" means the layer or layers of elastomer or other material that form the
inside surface of a tubeless tire and that contain the inflating fluid within the tire.
[0040]"Ply" means a continuous layer of rubber coated parallel cords.

[0041]"Radial” and "radially” refer to directions that are perpendicular to the axis of rotation
of a tire.

[0042]"Radial-ply” or “radial-ply tire" refers to a belted or circumferentially-restricted
pneumatic structure wherein the ply cords are laid at cord angles between 65 degree and 90
degree with respect to the equatorial plane of a tire. Within a "radial-ply tire,” the ply cords
extend from bead to bead.

[0043] “Signal” may include any meaning as may be understood by those of ordinary skill in
the art, including at least an electric or magnetic representation of current, voltage, charge,
temperature, data or a state of one or more memory locations as expressed on one or more
transmission mediums, and generally capable of being transmitted, received, stored,
compared, combined or otherwise manipulated in any equivalent manner.

[0044]Directions are also stated in this application with reference to the axis of rotation of
the tire. The terms "upward” and "upwardly” refer to a general direction towards the tread of
the tire, whereas "downward” and "downwardly" refer to the general direction towards the
axis of rotation of the tire. Thus, when relative directional terms such as "upper” and "lower"

are used in connection with an element, the "upper” element is spaced closer to the tread
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than the "lower” element. Additionally, when relative directional terms such as "above” or
"below" are used in connection with an element, an element that is "above” another element
is closer to the tread than the other element. The terms "axially inward” and "axially
inwardly” refer to a general direction towards the equatorial plane of the tire, whereas
"axially outward" and "axially outwardly” refer to a general direction away from the equatorial
plane of the tire and towards the sidewall of the tire. The term “when” is used to specify
orientation for relative positions of components, not as a temporal Llimitation of the claims or
apparatus described and claimed herein unless otherwise specified.

[0045]To the extent that the term "includes” or "including” is used in the specification or the
claims, it is intended to be inclusive in a manner similar to the term "comprising” as that term
is interpreted when employed as a transitional word in a claim. Furthermore, to the extent
that the term "or" is employed (e.g., A or B) it is intended to mean "A or B or both.” When the
applicants intend to indicate "only A or B but not both” then the term "only A or B but not
both” will be employed. Thus, use of the term "or" herein is the inclusive, and not the
exclusive use. See, Bryan A. Garner, A Dictionary of Modern Legal Usage 624 (2d. Ed. 1995).
Also, to the extent that the terms "in" or "into" are used in the specification or the claims, it
is intended to additionally mean "on" or "onto.” Furthermore, to the extent the term
"connect” is used in the specification or claims, it is intended to mean not only "directly
connected to,” but also "indirectly connected to" such as connected through another
component or multiple components.

[0046]Terms such as “a,” “an,” and “the” are not intended to refer to only a singular entity,
but rather include the general class of which a specific example may be used for illustration.
The terminology herein is used to describe specific embodiments of the invention, but their
usage does not delimit the invention, except as set forth in the claims.

[0047]Referring now to Fig. 1, a tire 10 is shown mounted on a wheel 12. Associated with
the tire 10 and wheel 12 is an inflation system 14. When the tire 10 is mounted on the wheel
12 an inner cavity 13 is defined between the tire and the wheel. The tire 10 includes a tread

portion 11 and first and second sidewalls 15 and 17

[0048] The inflation system 14 includes a divider wall 16 configured to divide the inner cavity
13 of the tire into an upper chamber 18 and a lower chamber 20.
[0049] The upper chamber 18 which may also be referred to as an active inflation chamber 18

may be described as being between the tread portion 11 of the tire and the divider wall 16.
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The lower chamber 20 which may also be referred to as a reserve chamber 20 can be
described as being between the divider wall and the wheel 12.

[0050]The inflation system 14 further includes first and second pressure sensors 22 and 24.
The first pressure sensor is arranged to be communicated with the upper chamber 18, and the
second pressure sensor is arranged to be communicated with the lower chamber 20.
[0051]The first pressure sensor 22 is shown being located on an upper surface 26 of divider
wall 16, but it will be understood that the first pressure sensor 22 may be placed at any
location so long as it is in communication with the upper chamber 18. The first pressure
sensor 22 may be physically mounted on the divider wall 16, on the tire 10, or on the wheel
12.

[0052]Similarly, the second pressure sensor 24 is shown as mounted on the wheel 12, but it
will be understood that it can be located in any way so long as it is in pressure communication
with the lower chamber 20.

[0053]The inflation system 14 includes a first valve 26 which has an open position for
communicating the upper and lower chambers 18 and 20 and a closed position for isolating
the upper chamber 18 from the lower chamber 20.

[0054]A second valve 28 is shown extending through the wheel 12 and configured to
communicate the lower chamber 20 with either a source 30 of pressurized gas via high
pressure supply line 31 or a low pressure zone 32 via discharge line 33. As will be further
described below, the second valve 28 may be a three-way valve which has a closed position, a
pressurizing position wherein lower chamber 20 is communicated with pressure source 30, and
a depressurizing position wherein low chamber 20 is communicated with lower pressure zone
32.

[0055]The inflation system 14 may optionally include a third valve 34 also mounted in the
wheel 12 and directly communicated via passage 36 with the upper chamber 18. When the
third valve is in its open position it will communicate the upper chamber 18 with the low
pressure zone 32.

[0056]Each of the valves 26, 28 and 34 may either comprise a single valve or may comprise
multiple valves having the same function.

[0057]Each of the valves 26, 28 and 34 may be electrically activated valves which move
between the various positions in response to electrical signals from a controller 38.

[0058] The controller 38 is operably associated with the pressure sensors 22 and 24 and with
the first, second and third valves 26, 28 and 34. Controller 38 receives pressure signals from

first and second pressure sensors 22 and 24 via communication lines 40 and 42, respectively.
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Controller 38 may send command signals to valves 26, 28 and 34 via communication lines 44,
46 and 48, respectively. The communication lines 40-48 may be hard wired, or may comprise
wireless communication paths between the controller 38 and the various associated

components.

Divider Wall Construction

[0059] The structural construction of the divider wall 16 may take many different forms. For
example, in the embodiment shown in Fig. 1, the divider wall 16 is an annular sheet-like
member that extends axially between the first and second sidewalls 15 and 17 of the tire 10.
[0060]In the lower left corner of Fig. 1 a portion of the tire 10, wheel 12 and divider wall 16
is circled, and that circular area is enlarged in Fig. 2.

[0061]In the embodiment of Fig. 2 the divider wall 16 has on each end an axially extending
lip 50 configured to be received between the bead portion 19 of tire 10 and the wheel 12. In
the embodiment of Fig. 2, each axially extending lip 50 includes a radially outward extending
protrusion 52 received within a complementary notch 54 defined in the bead portion 19 of the
tire 10.

[0062]In an alternative embodiment shown in Fig. 3, each axially extending lip 50 includes a
protrusion 56 extending away from the bead portion 19 and received in a complementary
notch 58 of the wheel 12.

[0063]In still another embodiment shown in Fig. 4, the divider wall 16 may be integrally
attached to the sidewall 17 of the tire 10.

[0064]Fig. 5 shows still another embodiment wherein the divider wall is a portion of a
toroidal bladder 60 which encloses the lower chamber 20. The toroidal bladder 60
concentrically engages the wheel 12. The interface between the toroidal bladder 60 and the
sidewalls 15 and 17 of the tire 10 may be similar to any of the constructions shown in Figs. 2-
4,

[0065]Any of the embodiments of the divider wall 16 and/or the toroidal bladder 60
described above regarding Figs. 1-5 may have the divider wall 16 or the bladder 60
constructed of one or more plies of rubber coated parallel cords. If multiple layers are
utilized, the layers are preferably oriented in the manner of bias plies with cords of
alternating layers running in alternate directions. Additionally, the inner wall 16 and/or
bladder 60 may be made of any other suitable materials. Although the inner wall 16 and
bladder 60 may be flexible, it is not required that they flex for operational purposes. For

purposes of the volume calculation set forth below it is presumed that any flexibility of the
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inner wall 16 is minimal and will be disregarded, thus assuming that the volume of the upper
and lower chambers 18 and 20 remains constant during pressurization and depressurization of
the chambers.

[0066]Additionally, it is noted that the divider wall 16 and/or toroidal bladder 60 may be
constructed in a sufficiently rigid manner that the divider wall 16 and/or toroidal bladder 60
serves as a structural member which biases the first and second sidewalls 15 and 17 of the
tire 10 axially outward away from each other so as to aid in maintaining the seal of the bead

portions of the sidewalls on the wheel 12.

The Controller

[0067]Controller 38 includes a processor 62, a computer readable memory medium 64, a
data base 66 and an input/output module or control panel 68 having a display 70.

[0068] The term “computer-readable memory medium” as used herein may refer to any non-
transitory medium 64 alone or as one of a plurality of non-transitory memory media 64 within
which is embodied a computer program product 72 that includes processor-executable
software, instructions or program modules which upon execution may provide data or
otherwise cause a computer system to implement subject matter or otherwise operate in a
specific manner as further defined herein. It may further be understood that more than one
type of memory media may be used in combination to conduct processor-executable
software, instructions or program modules from a first memory medium upon which the
software, instructions or program modules initially reside to a processor for execution.

[0069] “Memory media” as generally used herein may further include without limitation
transmission media and/or storage media. “Storage media” may refer in an equivalent
manner to volatile and non-volatile, removable and non-removable media, including at least
dynamic memory, application specific integrated circuits (ASIC), chip memory devices, optical
or magnetic disk memory devices, flash memory devices, or any other medium which may be
used to stored data in a processor-accessible manner, and may unless otherwise stated either
reside on a single computing platform or be distributed across a plurality of such platforms.
“Transmission media” may include any tangible media effective to permit processor-
executable software, instructions or program modules residing on the media to be read and
executed by a processor, including without limitation wire, cable, fiber-optic and wireless
media such as is known in the art.

[0070]The term “processor” as used herein may refer to at least general-purpose or specific-

purpose processing devices and/or logic as may be understood by one of skill in the art,
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including but not limited to single- or multithreading processors, central processors, parent
processors, graphical processors, media processors, and the like.

[0071]The controller 38 receives input data from the sensors 22 and 24. Based upon the
programming 72 the controller 38 sends command signals to valves 26, 28 and 34 to control

air pressure in the chambers 18 and 20 as is further described below.

Examples
[0072]The controller 38 is configured so as to control the operation of the various valves 26,

28 and/or 34 to control the pressurization and depressurization of the chambers 18 and 20 so
as to define various modes of the inflation system 14. More particularly, the following
description will explain the operation of the inflation system 14 and particularly the
controller 38 to selectively modify the inflation pressure of the upper chamber 18 so as to
inflate the upper chamber 18 to either a field ready pressure or a road ready pressure. For
example, a field ready pressure in which the tire 10 is pressurized at a relatively low pressure
so as to be utilized in a field and to reduce the compaction of the field by the tire, may
comprise a pressure in the upper chamber 18 in a range of from 4 psi to 16 psi. A road ready
pressure, on the other hand, will be at a relatively higher level which may for example
involve inflating the upper chamber 18 to a road ready pressure in a range of from 20 psi to
40 psi. Furthermore, the inflation system 14 described herein is constructed to provide
relatively rapid inflation of the upper chamber 18 from its field ready state to a road ready
state, and by relatively rapid it is meant that the transition from field ready state to road
ready state may occur in a transition time of no more than about ten minutes, and preferably
no more than about five minutes. This allows the agricultural vehicle to be converted from a
field ready state to a road ready state much quicker than has been possible with systems of
the prior art. Similarly, the inflation system 14 provides for relatively rapid transition from
the road ready state to a field ready state, in a transition time of no more than about ten
minutes, and preferably in a transition time of no more than about five minutes.

[0073]The ability to make a rapid transition from a field ready state to a road ready state is
provided by providing a sufficient volume of high pressure gas in the lower chamber 18 at a
sufficiently high pressure that upon opening of the valve 26 and allowing the pressure to
equalize between the upper and lower chambers 18 and 20, the equilibrium pressure
throughout the cavity 13 will be at the desired road ready pressure. The time for achieving

this equilibrium pressure may also be affected by the size of the flow passage through the
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valve 26 which may be selected to allow equilibrium to be achieved within the desired time
frame.
[0074]1t will also be understood, that the inflation system 14 may be designed and controlled
such that the desired road ready pressure in the upper chamber 18 will be achieved before an
equilibrium condition between upper and lower chambers 18 and 20 is achieved, in which
case the valve 26 will be closed at a point in time where the remaining pressure in the lower
or reserve chamber 20 is still in excess of the road ready pressure in the upper chamber 18.
[0075]In Fig. 6, a schematic representation is provided of what may be described as a field
ready pre-charged mode wherein the upper chamber is inflated to a field ready pressure Py,
and where the lower chamber 20 has been pre-charged to what may be described as a pre-
charged pressure P,, or alternatively P, may be referred to as a reservoir pressure. In Fig. 6,
each of the valves 26, 28 and 34 is indicated as being in a closed position.
[0076]In the examples below, the assumption is that when it is desired to increase the
pressure in the upper chamber 18 from the field ready pressure P to a road ready pressure P,
the valve 26 will be opened and the pressure within the cavities 18 and 20 will be allowed to
equalize.
[0077]The pressure relationship between the pressure P in the upper chamber 18 having a
volume Vg, and the pressure P, in the lower chamber 20 having a volume V, may be described
as follows:

PexVe+ Py xV,=P xV,
wherein V, = V¢ +V,.
[0078] The volumes V¢ and V, are determined by the construction of the tire 10 and wheel 12
and the construction of the divider wall 16 which determines the subsequent volumes into
which the volume of the cavity 13 is divided. Thus the volumes V; and V, are determined by
the construction of the divider wall 16. For a selected volume V, which may be described as a
percentage of the total volume V,, then given any assumed desired field ready pressure P; and
road ready pressure P,, the necessary pre-charged pressure P, for the reserve chamber 20 may

be calculated by the formula:

PX= PrXVr-PfXVf
V: - V¢
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[0079]Several examples of tire sizes and applicable field ready pressures and road ready

pressures for which the inflation system 14 is desighed may include the following:

TABLE |
Tire Size Field Ready Pressure P (PSI) Road Ready Pressure P, (PSI)
480/80R50 12-14 35
480/80R46 12-14 35
710/70R42 6 29
800/70R38 6 23

[0080]Choosing the tire size 800/70R38 from Table I, the cavity 13 of such a tire has a total
volume of 85,500 cubic inches. For such an 800/70R38 tire, and for various selections of the
construction of divider wall 16 so as to define the volume V, of the lower chamber 20 as a
percentage of the total volume V, of cavity 13, the relative magnitudes of the necessary
reservoir pressure P, within the chamber volume V, in order to inflate from a field pressure P

of 6 psi to a road ready pressure P, of 23 psi, are shown in the following Table II:

TABLE Il (800/70R38)
V, = 85,500 in’, P; = 6 psi, P, = 23 psi

Vi % V. P«
8550 10% 176
17100 20% 91
25650 30% 63
34200 40% 49
42750 50% 40

[0081]Another factor which must be considered in the design of the divider wall 16, is the
height of the divider wall 16 above the wheel 12, which inversely determines the clearance
between the divider wall 16 and the tread portion 11 of the tire 10. It will be understood
that when operating the tire 10 in a field ready mode at very low inflation pressures there
will be substantial deflection of the tread area 11 toward the wheel 12, and the divider wall
16 should be designed such that the tread portion 11 does not contact the divider wall 16.

The amount of permissible deflection of any given tire will vary and will need to be
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considered when designing the appropriate inflation system 14 for that tire and when
selecting inflation pressures and reservoir pressures to be utilized.

[0082]Additionally, safety and operational considerations may place upper limits on the
desired pressures within the reserve chamber 20. In general it is preferred that the pre-
charged pressure P, in the reserve chamber 20 be no greater than about 100 psi.
[0083]Taking these factors into consideration, one suitable design of the inflation system 14
for a size 800/70R38 tire having a cavity volume of approximately 85,500 cubic inches is to
design the divider wall 16 such that the volume V, of the reserve chamber 20 is approximately
23,900 cubic inches which is approximately 28% of the total volume of the cavity 13. For such
a volume V,, the necessary pre-charged pressure P, is approximately 67 psi. Beginning with a
field ready pressure P; in the upper chamber 18 of 6 psi, and a reservoir pressure P, in the
lower chamber 20 of 67 psi, upon opening of the valve 26 as illustrated in Fig. 7, and allowing
the pressure to equalize between chambers 18 and 20, the resulting equilibrium pressure P, in
the upper chamber 18 and lower chamber 20 will be approximately 23 psi which is the desired
road ready pressure for the tire size in question.

[0084]The preferred field ready pressures and road ready pressures for the four tire sizes
shown in Table | may be described as a field ready pressure that is in a range of from 20% to
50% of the road ready pressure, and more preferably wherein the field ready pressure is in a
range of from 25% to 40% of the road ready pressure.

[0085] For the example set forth in the above Table II, the system 14 may be described as
having the wheel 12, the tire 10 and the divider wall 16 configured such that the lower
chamber volume V, is in a range of from 20% to 40% of the total volume of the cavity 13,
which would result in a pre-charged pressure in the range of from 49 psi to 91 psi.
[0086]Referring again to Fig. 7, as previously noted it represents a road ready mode wherein
the pressure P, in the upper chamber 18 has equalized with the pressure in the lower chamber
20 at a desired road ready level. After the pressure in the upper chamber 18 is equalized, or
if the pressure in the upper chamber reaches the desired road ready pressure prior to
equalization, the valve 26 may then be closed.

[0087]Figs. 8-10 illustrate other operating conditions of the inflation system 14. Fig. 8
illustrates a first optional technique for deflating the upper chamber 18 from the road ready
condition back to a field ready condition. In the first discharge mode illustrated in Fig. 8, the
first valve 26 is opened and the second valve 28 is moved to its discharge position where it is
opened to communicate the lower chamber 20 with the low pressure zone 32 via discharge

passage 33. The low pressure zone 32 may for example simply be the ambient pressure
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surrounding the tire 10. In this embodiment, the pressure in upper chamber 18 is allowed to
drop until it reaches the desired field ready pressure, and then the valve 26 is again closed as
is the valve 28. In the deflation or discharge mode described with reference to Fig. 8, it is
apparent that the pressure in the lower chamber 20 is also discharged.

[0088]Fig. 9 schematically illustrates a second discharge mode which is possible if the third
valve 34 is provided in the inflation system 14. The third valve 34 may be opened to provide
direct communication via passage 36 between the upper chamber 18 and the low pressure
zone 32 thus allowing deflation of the upper chamber 18 without deflating the reserve
chamber 20. This avoids loss of the pressure in lower chamber 18, which may in fact already
be recharged to a full pre-charged state, thus allowing for more rapid cycling from a road
ready condition to a field ready condition and back to a road ready condition.

[0089]Finally, Fig. 10 schematically illustrates a recharge mode in which the first valve 26 is
closed, and the second valve 28 is opened and is communicated with source 30 via pressure
supply line 31.

[0090]The time desired for recharging of the reserve chamber 20 will vary depending upon
the nature of the machine upon which the tire 10 and inflation system 14 is mounted. For
example, if the tire is mounted on an agricultural machine which moves between the field
and the road relatively infrequently, perhaps once or twice a day, then it is entirely adequate
for the pressure source 30 to be such that it takes perhaps one hour to recharge the reserve
chamber 20. If the pressure source 20 is for example a compressor system carried on the
agricultural machine, then it is simply an issue of sizing the compressor system such that it
can recharge the reserve chamber 20 of each of the tires of the machine back to the desired
pre-charged pressure within the allotted time. If faster return to pre-charged status is
desired, then the compressor system must be suitably increased in size.

[0091]Thus it is seen that the apparatus and methods of the present invention readily
achieve the ends and advantages mentioned as well as those inherent therein. While certain
preferred embodiments of the invention have been illustrated and described for purposes of
the present disclosure, numerous changes in the arrangement and construction of parts and
steps may be made by those skilled in the art, which changes are encompassed within the

scope and spirit of the present invention as defined by the appended claims.
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CLAIMS
What is claimed is:
1. An inflation system for use with a wheel and a tire, the inflation system

comprising:

a divider wall configured to divide an inner cavity of the tire into an upper chamber
between a tread portion of the tire and the divider wall, and a lower chamber between the
divider wall and the wheel;

a first pressure sensor arranged to be communicated with the upper chamber;

a second pressure sensor arranged to be communicated with the lower chamber;

a first valve having an open position for communicating the upper and lower
chambers, and a closed position for isolating the upper chamber from the Lower chamber;

a second valve configured to selectively communicate the lower chamber with a
source of pressurized gas; and

a controller operably associated with the first and second pressure sensors and the
first and second valves, the controller being configured to define a field ready pre-charged
mode wherein the upper chamber is inflated to a field ready pressure in a range of from 4 psi
to 16 psi, the first valve is closed and the lower chamber is pre-charged to a pre-charged
pressure, the pre-charged pressure being such that upon opening of the first valve a transition
from the field ready pre-charged mode to a road ready mode wherein the upper chamber is
inflated to a road ready pressure in a range of from 20 psi to 40 psi occurs in a transition time

of no more than ten minutes.

2. The system of claim 1, wherein the transition time is no more than five
minutes.
3. The system of claim 1, wherein the field ready pressure is in a range of from

20% to 50% of the road ready pressure.

4, The system of claim 1, wherein the field ready pressure is in a range of from

25% to 40% of the road ready pressure.

5. The system of claim 1, wherein:
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the wheel, the tire and the divider wall are configured such that the upper chamber
has an upper chamber volume and the lower chamber has a lower chamber volume, and the
lower chamber volume is in a range of from 20% to 40% of a total of the upper chamber

volume and the lower chamber volume.

6. The system of claim 5, wherein the pre-charged pressure is no greater than 100

psi.

7. The system of claim 1, further comprising:
a toroidal bladder enclosing the lower chamber, wherein the divider wall is a portion
of the toroidal bladder and the toroidal bladder is configured to concentrically engage the

wheel.

8. The system of claim 1, further including the tire and wherein the divider wall is

configured to sealingly engage opposed sidewalls of the tire.

9. The system of claim 8, wherein:
the tire sidewalls include bead portions; and
the divider wall includes axially extending lips configured to be received between the

bead portions and the wheel.

10. The system of claim 9, wherein:
each bead portion has a notch defined therein; and
each axially extending lip includes a protrusion configured to fit within the notch of its

associated bead portion.
11. The system of claim 9, wherein:
each axially extending lip includes a protrusion extending away from the bead portion

to be received in a complementary notch of the wheel.

12. The system of claim 1, further including the tire having sidewalls, and wherein

the divider wall is integrally attached to the sidewalls of the tire.

13. The system of claim 1, wherein:
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the controller is configured to define a recharge mode wherein the first valve is
closed, and the second valve is open to communicate the lower chamber with the source of
pressurized gas, and in the recharge mode the lower chamber recharges from the field ready

pressure to the pre-charged pressure in no more than one hour.

14, The system of claim 1, wherein:
the controller is configured to define a deflation mode wherein the upper chamber is
communicated with a low pressure zone and is deflated from the road ready pressure to the

field ready pressure within no more than five minutes.

15. A method of inflating a tire mounted on a wheel, the method comprising:

@) inflating the tire to a field ready pressure in a range of from 4 psi to 16 psi;

(b) providing a high pressure gas reservoir within a cavity between the tire and the
wheel, and pressurizing the reservoir to a pre-charged pressure; and

(©) opening a valve communicating the reservoir with the cavity and inflating the
tire from the field ready pressure to a road ready pressure in a range of from 20 psi to 40 psi
with the high pressure gas from the reservoir in a transition time of no more than ten

minutes.

16. The method of claim 15, wherein:

in step (¢) the transition time is no more than five minutes.

17. The method of claim 15, wherein:

the field ready pressure is in a range of from 20% to 50% of the road ready pressure.

18. The method of claim 15, wherein:

the field ready pressure is in a range of from 25% to 40% of the road ready pressure.

19. The method of claim 15, wherein:

the reservoir has a volume in a range of from 20% to 40% of a volume of the cavity.

20. The method of claim 15, wherein:

in step (b) the pre-charged pressure is no greater than 100 psi.
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21. The method of claim 15, further comprising:
after step (c), recharging the reservoir to the pre-charged pressure in no more than

one hour.

22. The method of claim 15, further comprising:
after step (¢), communicating the cavity with a low pressure zone and deflating the

tire back to the field ready pressure in no more than five minutes.

23. The method of claim 15, wherein:

step (c) is performed in response to an electrical command signal from a controller.
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