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(57) Abstract: A regulator for establishing outlet fluid pressure.
The regulator includes a valve body having a fluid pressure in-
let in selective fluid communication with a fluid pressure outlet.
A pilot pressure inlet is formed in the valve body and in fluid
communication with a source of pilot pressure. Valving structure
in the valve body establishes outlet fluid pressure as a function
of pilot pressure. First adjustable structure within the valve body
may establish a minimum outlet fluid pressure threshold without
regard to pilot pressure. Second adjustable structure within the
valve body may establish outlet fluid pressure offset relative to
pilot pressure.
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PILOT OPERATED REGULATOR WITH ADJUSTABLE
MINIMUM DELIVERY PRESSURE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application Serial

No. 62/736,088 filed September 25, 2018.

TECHNICAL FIELD

[0001] The disclosed subject matter relates generally to fluid pressure regulators
responsive to pilot pressure input. The disclosed subject matter relates particularly to
tire inflation systems for heavy-duty vehicles incorporating a fluid pressure regulator
capable of adjusting fluid pressure in vehicle tires in response to a pilot pressure signal

and having an adjustable minimum outlet pressure.

BACKGROUND

[0002] Tire inflation systems for heavy-duty vehicles, such as trucks, tractor-trailers,
semi-trailers, trailers and the like, are known. Each such heavy-duty vehicle typically
includes multiple tires requiring inflation with air to specific target pressures for optimal
performance. The relatively large number of tires on any given heavy-duty vehicle
makes it difficult to manually check and maintain the optimal tire pressure in each and
every tire. This difficulty is compounded by the fact that numerous heavy-duty vehicles
in a fleet may be located at a site for an extended period of time, during which tire

pressures might not be checked. Any one of these heavy-duty vehicles might be
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quickly placed into service, leading to the possibility of operation with unchecked and
under-inflated tires.

[0003] Operation of a heavy-duty vehicle with under-inflated tires may increase the
chance for failure of a tire as compared to a tire within a target pressure inflation range.
Improperly inflated tires may adversely affect tire performance and service life. If a
check of air pressure in tires reveals improper inflation, it is desirable and recommended
to restore pressure to an optimum or target pressure.

[0004] Prior art tire inflation systems approximate and maintain a target pressure in
heavy-duty vehicle tires. Prior art tire inflation systems generally inflate the tire by
providing air from a vehicle air supply to the tire by using a variety of different
components, arrangements, valves, conduit, and/or methods.

[0005] Some prior art tire inflation systems may vary air pressure in tires of the
heavy-duty vehicles as a function of the load/weight of the heavy-duty vehicle. These
prior art tire inflation systems may rely on electronic controls, including electronic
processors, to execute relatively complex algorithms to perform calculations that
estimate the load/weight of the heavy-duty vehicle. The electronic controls generally
require the use of the heavy-duty vehicle electrical system and add cost and complexity
to prior art tire inflation systems.

[0006]  Other prior art tire inflation systems vary air pressure in tires of the heavy-duty
vehicle by using air pressure in suspension air springs of the heavy-duty vehicle as an
indication of the load/weight of the heavy-duty vehicle. The tire inflation systems may
include pilot operated regulators. Pilot operated regulators are designed to vary output

pressure delivered to the tires based on a control or pilot pressure. The majority of pilot
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operated regulators have a one-to-one relationship between the pilot pressure and the
output pressure. That is, the output pressure of the pilot operated regulator is the same
as the control pilot pressure. There are some pilot operated regulators that may have a
ratio of output pressure to pilot pressure other than a one-to-one relationship.

[0007] While satisfactory for their intended uses, prior art tire inflation systems have
limitations, disadvantages and drawbacks. Electronic controls, numerous components,
arrangements, valves, and conduit of known systems are undesirably expensive,
complex, difficult to install and configure, and potentially unreliable. Establishing air
pressure in tires of the heavy-duty vehicle by pneumatic control may use complex
conduits and multiple control valves.

[0008] It is desirable to provide an improved tire inflation system that has automatic
and continuous adjustment of target inflation pressure based upon the heavy-duty
vehicle load, without the use of electronic components. The improved tire inflation
system for heavy-duty vehicles of the disclosed subject matter satisfies these needs
and overcomes the limitations, disadvantages and drawbacks of the prior art tire
inflation systems. Specifically, the load-based tire inflation system of the disclosed
subject matter continuously monitors fluid pressure in vehicle tires and adjusts inflation
pressure with a regulator in response to pilot pressure, often as a function of pneumatic
suspension system pressure. The load-based tire inflation system of the disclosed
subject matter has an adjustable minimum outlet pressure feature and an adjustable
offset pressure feature.

[0009] The pilot operated regulator of the disclosed subject matter may also have

non-tire inflation system applications, such as for example industrial or factory
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automation applications. Such non-tire inflation éystem applications may require that
operating pressure not be allowed to drop below a minimum threshold value. A
pressure offset feature may also be a useful feature when an application requires
different operating pressure than the pilot pressure. Both minimum threshold value and
pressure offset features are contained in a single common valve body and apply
controlling forces to the same single pilot operated regulator valve structure of the
disclosed subject matter. The pilot operated regulator of the disclosed subject matter

has all these desirable features.

SUMMARY

[0010] A summary is provided to introduce concepts of the disclosed subject matter.
The summary is not intended to identify key factors or essential features of the
disclosed subject matter. The summary also is not intended to limit the scope of the
disclosed subject matter.

[0011] The disclosed subject matter is an improved pilot operated regulator for
automatically and continuously establishing outlet fluid pressure. The pilot operated
regulator of the disclosed subject matter includes a valve body with a fluid pressure inlet
in selective regulated fluid communication with a fluid pressure outlet by novel valving
structure. The valve body also has a pilot pressure inlet in fluid communication with a
source of pilot pressure. The valving structure establishes outlet fluid pressure as a

function of pilot pressure. Adjustable structure associated with the valve body
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advantageously establishes a minimum outlet fluid pressure threshold regardiess of
pilot pressure.

[0012] The regulator also includes another adjustable structure to establish outlet
fluid pressure that is offset relative to pilot pressure. The adjustable structures may be
coaxially arranged within the valve body. The adjustable offset structure may also be
coaxially arranged with a direction of movement of the valving structure for adjustably
setting the outlet pressure higher or lower relative to the pilot pressure. The adjustable
offset structure includes a piston and a pilot diaphragm separated by resilient structure
to define a pilot chamber in fluid communication with the source of pilot pressure. The
force applied by the resilient structure establishes outlet fluid pressure offset relative to
pilot pressure.

[0013] A resilient mechanism acts on the piston to position the pilot diaphragm for
establishing the minimum outlet fluid pressure-threshold without regard to pilot pressure.
A regulator diaphragm spaced from and interconnected with the pilot diaphragm
positions the regulator diaphragm to affect the state or condition of the regulator valving
structure. The adjustable structure for setting the minimum threshold pressure may be
coaxially arranged with a direction of movement of the regulator valving structure.
[0014] The pilot operated regulator of the disclosed subject matter is particularly
suitable for use in a load-based tire inflation system for a heavy-duty vehicle. The
heavy-duty vehicle has an air spring suspension system in which fluid pressure in the
air spring suspension system varies with the weight of the heavy-duty vehicle. The
source of fluid pressure is fluid pressure in the air spring suspension system and, thus,

pressure communicated to the tire inflation system is a function of load of heavy-duty
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vehicles. The improved pilot operated regulator could also be used in industrial
machinery, factory equipment or automation applications where it is desirable to
maintain operating pressure at or above a minimum threshold value. The single
improved pilot operated regulator can replace several components, such as valves and
conduit, in the tire inflation system and possibly in the other applications. The pilot
operated regulator of disclosed subject matter is mechanical only without electrical

components.

DRAWINGS

[0015] The following description and drawings set forth certain illustrative aspects
and implementations of the disclosed subject matter. The drawings are indicative of a
few of the various ways in which one or more aspects or implementations may be
employed. Further features of the disclosed subject matter will become apparent from
reading the following description with reference to the accompanying drawings, in
which:

[0016] Fig. 1is a fragmentary diagrammatic elevation view, with portions broken
away and in section, of a load-based tire inflation system incorporating a pilot operated
regulator according to an aspect of the disclosed subject matter;

[0017] Fig. 2 is a schematic diagram of an exemplary implementation of the pilot
operated regulator in the load-based tire inflation system illustrated in Fig. 1;

[0018] Fig. 3 is an enlarged cross-sectional side elevation view of the pilot operated

regulator illustrating functional components; and
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[0019] Figs. 4-10 are cross-sectional elevational views of the pilot operated
regulator, similar to Fig. 3, in various exemplary operating conditions.
[0020] Similar numerals refer to similar parts throughout the drawings and

description.

DESCRIPTION

[0021] For exemplary purposes, details are set forth in order to provide an
understanding of the disclosed subject matter. It will be understood, however, that the
disclosed subject matter can be practiced and implemented without these specific
details.

[0022] A load-based tire inflation system 20 incorporating an improved pilot operated
regulator 22, constructed according to an aspect of the disclosed subject matter, is
illustrated in Fig. 1. The improved pilot operated regulator 22 may provide an outlet fluid
flow at a minimum threshold pressure. The load-based tire inflation system 20 may be
used on a heavy-duty vehicle (not shown). The improved pilot operated regulator 22
may also be employed in industrial machinery, factory equipment or automation
applications where it is desirable to maintain delivered pressure at or above a minimum
threshold pressure. The improved pilot operated regulator 22 may replace several
components, such as valves and conduits, previously needed to perform the same
function as the single improved pilot operated regulator of the disclosed subject matter.
[0023] The improved pilot operated regulator 22 is in fluid communication with a
source of fluid pressure 24, such as compressed air. The source of fluid pressure is

also in selective fluid communication with an air spring 26 of an air suspension system.
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The fluid pressure in the air spring 26 is proportional to and directly indicative of the load
or weight of the heavy-duty vehicle in which the tire inflation system 20 is used. For the
purpose of convenience, reference shall be made to one suspension structure or air
spring 26, tire and wheel assembly 40 and axle 60, with the understanding that such
reference may include and equally apply to more than one air spring, more than one tire
and wheel assembly and more than one axle. It will also be appreciated that use of the
term “air spring” may include associated suspension system structure, conduits,
sensors and other equipment.

[0024] The improved pilot operated regulator 22 of the disclosed subject matter
establishes outlet fluid pressure PQ (Figs. 2-3) as a function of pilot pressure PP. The
improved pilot operated regulator 22 includes adjustable structure to establish an outlet
fluid pressure PO at a minimum pressure threshold regardless of pilot pressure PP.

The improved pilot operated regulator 22 also includes adjustable structure to establish
outlet fluid pressure PO that is offset relative to pilot pressure PP.

[0025] The load-based tire inflation system 20 is designed to continually monitor the
load of the heavy-duty vehicle and automatically and continually adjust fluid pressure in
the tire and wheel assembly 40 of the heavy-duty vehicle as a function of the load or
total weight of the heavy-duty vehicle characterized by fluid pressure in the air spring
26. This continuous and automatic pressure adjustment of air in the tire and wheel
assembly 40 optimizes the pressure for a given load condition of the heavy-duty vehicle.
This type of continuous adjustment may improve fuel economy and performance of the

heavy-duty vehicle, service life of the tires, and reduce equipment downtime and
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maintenance. As a result, the operating cost of the heavy-duty vehicle can be desirably
reduced.

[0026] The tire and wheel assembly 40 is operatively mounted to a wheel end
assembly (not shown) of the axle 60 of the heavy-duty vehicle and is rotatable relative
to the axle, as is known. The tire and wheel assembly 40 includes a tire mounted on a
rim or wheel, as is known. The tire and wheel assembly 40 is in selective fluid
communication with the source of fluid pressure 24 over supply line or pneumatic
conduit 42 that may extend through the axle 60. In some instances, the axle 60 itself
may serve as at least part of the pneumatic cqnduit 42. The source of fluid pressure 24
may be the same or a different source of fluid pressure in communication with the air
spring 26.

[0027] The pilot operated regulator 22 selectively controls the flow of fluid pressure
to the tire and wheel assembly 40. While only one air spring 26 and one tire and wheel
assembly 40 of a wide base single tire system on one side of the transversely extending
axle 60 is illustrated in Fig. 1, the disclosed subject matter applies equally to a dual tire
system on either side of the axle and to heavy-duty vehicles with multiple axles. If dual
tire and wheel asserﬁblies 40 are employed on an end of the axle 60, both tires may be
in fluid communication with one another by a line or hose extending between the tire
and wheel assemblies or separately with the source of fluid pressure 24.

[0028] For the purpose of convenience, only a single tire and wheel assembly 40 is
illustrated in Fig. 1, but it is to be understood that the load-based tire inflation system 20

is typically utilized with single or dual tires mounted to opposite ends of an axle 60. The
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heavy-duty vehicle may have more than one axle 60 connected to the load-based tire
inflation system 20.

[0029] If the heavy-duty vehicle is not carrying any cargo or is essentially empty, the
air spring 26 may have a relatively low fluid pressure at or near a minimum operating
pressure. The pressure of the tire and wheel assembly 40 would be near a minimum
threshold pressure. The pilot operated regulator 22 preferably maintains the pressure in
the tire and wheel assembly 40 at or near the minimum threshold pressure until the load
in the heavy-duty vehicle changes. When the heavy-duty vehicle is loaded, the air
spring 26 typically has a different and relatively higher pressure above the minimum
operating pressure. The pilot operated regulator 22 proportionately, automatically, and
continuously changes the pressure in the tire and wheel assembly 40 in response to a
change in the pressure of the air spring 26. The pressure of the tire and wheel
assembly 40 would be near an optimal pressure for the loaded heavy-duty vehicle.
[0030] The load-based tire inflation system 20 utilizing the pilot operated regulator 22
of the disclosed subject matter may have a plurality of suitable configurations. One
such variation of the pilot operated regulator 22 is schematically diagrammed in Fig. 2
incorporated into a load-based tire inflation system 20 for a heavy-duty vehicle.

[0031] The load-based tire inflation system 20 (Figs. 1-2) includes a source of fluid
pressure 24 such as compressed air or nitrogen, which may be stored in a pressure
vessel or reservoir or supplied by a compressor. The source of fluid pressure 24 is
capable of selective fluid communication with a tire and wheel assembly 40 through any
suitable conduit system, such as pneumatic conduit portions 42A, 42B and 42C. The

pneumatic conduit portion 42A fluidly connects the pilot operated regulator 22 with the
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source of fluid pressure 24. The pneumatic conduit portion 42A may include check
valve 43 (Fig. 2) to prevent any flow into the source of fluid pressure 24. The pneumatic
conduit portions 42B, 42C communicate a pneumatic signal proportional to the fluid
pressure in the tire and wheel assembly 40 to the pressure operated regulator 22. The
source of fluid pressure 24 is sufficiently sized in volume and may be maintained at a
pressure above the pressure in the air spring 26. The source of fluid pressure 24 may
also be sufficiently sized and maintained at a pressure above the pressure in the tire
and wheel assembly 40 to supply the tire inflation system 20 sufficient pressure and
volume to quickly fill the tire and wheel assembly. The source of fluid pressure 24 is
preferably sized to also operate other components and systems of the heavy-duty
vehicle, such as, air actuated brakes (not shown) and the air springs 26.

[0032] Each suspension structure or air spring 26 of an air ride suspension is in fluid
communication with the source of fluid pressure 24 by a conduit 44. A valve 46 in the
conduit 44 may control the fluid flow into and out of the air spring 26. The air spring 26
is located between an axle 60 and a frame member 62 (Fig. 1) of the heavy-duty
vehicle. The frame member 62 may be any suitable frame component used for heavy-
duty vehicles, such as a primary frame, a sub-frame, or a movable or non-movable
slider, without affecting the overall concept of the disclosed subject matter. The air
spring 26 suspends and/or positions the axle 60 relative to the frame member 62 as a
function of fluid pressure in the air spring. Fluid pressure in the air spring 26 varies with
the load or overall weight of the heavy-duty vehicle. While only one air spring 26 is
illustrated in Figs. 1-2 for convenience and simplicity, it will be apparent that more than

one air spring nﬁay be incorporated into the air ride suspension of the heavy-duty
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vehicle and that every air spring could be monitored and controlled by the load-based
tire inflation system 20.

[0033] The air spring 26 may absorb forces that act on the heavy-duty vehicle during
use and operation. It is generally desirable for the air spring 26 to be relatively rigid in
order to resist roll forces and provide roll stability for the heavy-duty véhiole. Itis also
desirable for the air spring 26 to be relatively flexible to assist in cushioning the heavy-
duty vehicle from impacts and compliance with a road surface. Thus, the fluid pressure
in each air spring 26 can vary to provide the desired ride, handling, and other
performance characteristics for the heavy-duty vehicle.

[0034] A fluid conduit or pilot pressure signal path portions 80A, 80B (Fig. 2 and
collectively referred to as 80 in Fig. 1) may be used to directly communicate fluid
pressure of the air spring 26 as pilot pressure PP to the pilot operated regulator 22. The
fluid pilot pressure PP communicated by pilot pressure signal path 80 is pneumatic and
indicates the fluid pressure in the air spring 26.

[0035] The load-based tire inflation system 20 may include a choke 82 (Fig. 2) that is
fluidly connected to one or more air spring(s) 26 and is located in pilot pressure signal
path 80A. The choke 82 provides a fluid connection to the air spring 26, so that the
pneumatic pressure in the air spring may be communicated to pilot operated regulator
22 without draining significant air pressure from the air spring. A volumetric structure
such as a control volume 84, which may be an auxiliary or supplemental reservoir,
pressure vessel, or conduit, may be fluidly connected downstream of air spring 26. The
control volume 84 could provide a volume that dissipates pressure spikes and drops,

and thus, condition the pilot pressure signal that air spring 26 provides to the pilot
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operated regulator 22. The pilot pressure signal path portion 80A fluidly connects the
air spring 26 with the control volume 84. The pilot pressure signal path portion 80B
fluidly connects the control volume 84 to the pilot operated regulator 22.

[0036] The pilot operated regulator 22 continuously adjusts fluid pressure in the tire
and wheel assembly 40 as a function of fluid pressure in the air spring 26 represented
by pilot pressure PP. Continually monitored fluid pressure in the air spring 26 is directly
proportional to, and indicative of, the weight of the heavy-duty vehicle, or load carried by
the heavy-duty vehicle, such that the pilot operated regulator 22 does not have to
calculate or estimate the weight or load. It is contemplated that pilot operated regulator
22 could, alternatively, be used to detect load-based fluid pressure in a suspension
structure such as a lift air bag in a lift axle/suspension system or load-based input from
a ride-height control valve, or the like, as pilot pressure PP input.

[0037] The pilot operated regulator 22 includes internal structure to set and maintain
a minimum threshold outlet pressure. This minimum threshold outlet pressure is
adjustable to a desired pressure level that maintains the minimum threshold pressure
for tire and wheel assembly 40. This minimum threshold pressure may generally be in
the range of from about 62 psi to about 85 psi. The pilot operated regulator 22, thus,
enables the load-based tire inflation system 20 to provide a desired minimum operating
pressure for the tire and wheel assembly 40 to be maintained.

[0038] Monitoring the load of the heavy-duty vehicle may be accomplished by fluid
communication with one or more air springs 26, a ride height control valve, or any
pneumatic system that is indicative of the total load or weight of the heavy-duty vehicle.

For exemplary purposes, the fluid connection to at least one air spring 26 provides the

13



WO 2020/068728 PCT/US2019/052564

pilot pressure PP signal to the pilot operated regulator 22. The term “load” is intended
to mean the total weight of the heavy-duty vehicle during various operational situations
or conditions. For example, load means the total weight of the heavy-duty vehicle when
empty or carrying no cargo, the total weight of the heavy-duty vehicle when carrying a
full load of cargo, or the total weight of the heavy-duty vehicle in any situation or
condition between empty and full of cargo. It is desirable to adjust the air pressure in
the tire and wheel assembly 40 of the heavy-duty vehicle in response to changes in load
of the heavy-duty vehicle in order to optimize the performance and service life of the
tires.

[0039] The pneumatic conduit section 42B may be fluidly connected to and extends
between the pilot operated regulator 22 and a tire isolation system 102, if so provided,
that includes a tire isolation pilot valve 104. When the tire isolation system 102 is in an
open position, air may flow through the isolation pilot valve 104 and through pneumatic
conduit portion 42C to a wheel valve 106 and ultimately to the tire and wheel assembly
40. The tire isolation pilot valve 104 may be biased to a position that obstructs or blocks
the fluid flow from the pneumatic conduit 42B to prevent loss of pressure in the tire and
wheel assembly 40 when the vehicle is parked. The tire isolation pilot valve 104
exhausts or vents to atmosphere the flow of air coming from the third pneumatic conduit
section 42C, when tire isolation pilot valve 104 moves to the closed position.

[0040] The load-based tire inflation system 20 includes the wheel valve 106 for each
tire and wheel assémbly 40. Each wheel valve 106 is capable of isolating a respective
tire and wheel assembly 40 from the rest of the load-based tire inflation system 20 in the

event of, for example, a leak in another tire or somewhere in the tire inflation system.
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The wheel valve 106 actuates or opens at a selected pressure setting or pressure level
that is below any likely minimum target inflation pressure, thereby enabling air flow to
the tire and wheel assembly 40 from pilot operated regulator 22 to inflate the tire and
wheel assembly to at least minimum target pressure.

[0041] A parking brake conduit 120 may extend between and be fluidly connected to
the tire isolation pilot valve 104 and a parking brake 122 of the heavy-duty vehicle.
When the parking brake 122 is actuated, a pneumatic signal is communicated to the tire
isolation pilot valve 104 through conduit 120. The connection of tire isolation pilot valve
104 to the parking brake 122 enables the tire isolation pilot valve and the wheel valves
106 to isolate the tire and wheel assembly 40 when the vehicle is parked.

[0042] The tire isolation system 102 is a feature that is particularly useful in the
load-based tire inflation system 20 to minimize pressure loss in tire and wheel assembly
40 when the vehicle is parked, thereby minimizing the need to provide significant re-
inflation of the tire for operation. Minimizing the need to provide significant re-inflation of
the tire and wheel assembly 40 in turn significantly reduces the time and resources,
such as size of the source of fluid pressure 24, required to inflate the tire and wheel
assembly when the heavy-duty vehicle is put into service.

[0043] The load-based tire inflation system 20 may be a constant-pressure system
that does not exhaust air to atmosphere unless the heavy-duty vehicle load has been
reduced and the tire inflation system responds by reducing pressure in the tire and
wheel assembly 40 and the tire isolation system 102 actuates. It is to be appreciated
that such a constant pressure system retains at least some amount of pressure in at

least pneumatic conduit portion 42C.
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[0044] The load-based tire inflation system 20 only employs mechanical and
pneumatic components that are mechanically and/or pneumatically actuated. The load-
based tire inflation system 20, thus, is relatively reliable, economical, and is easy to
install and use. It is also understood that the pilot operated regulator 22 could,
alternatively, be used to measure load-based fluid pressure in a suspension structure
such as a load-based input from a ride-height control valve, or the like. Thus, the load-
based tire inflation system 20 provides a simple integrated and economical modular
design which includes the functionality of a one-way check valve 43, pilot operated
regulator 22, and tire isolation valve 104.

[0045] The single pilot operated regulator 22 may be used to establish a minimum
pressure threshold for the tire and wheel assembly 40 regardless of what the pilot
pressure PP happens to be. Fluid pressure in the tire and wheel assembly 40 may then
be maintained at or above the minimum pressure threshold. The fluid pressure in the
tire and wheel assembly 40 is adjustable in the pilot operated regulator 22 to maintain a
pressure level that is optimal for reducing tire wear and extending tire service life.
[0046] The single pilot operated regulator 22 may also be used to offset the
delivered outlet pressure PO that is different than the pilot pressure PP. The different
fluid offset outlet pressure PO may be delivered to the tire and wheel assembly 40. This
different offset fluid outlet pressure PO may be used to compensate outlet pressure
when the particular application requires a different.-operating pressure than the pilot
pressure PP.

[0047] A method of using the load-based tire inflation system 20 (Figs. 1-2) for a

heavy-duty vehicle incorporating the pilot operated regulator 22 of the disclosed subject
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matter includes the step of providing at least one source of fluid pressure 24. The
source of fluid pressure 24 supplies a fluid, such as compressed air or nitrogen, to the
air spring 26 and the tire and wheel assembly 40. The fluid pressure and fluid flow
supplied may be from a single source of fluid pressure 24 or may be supplied by
separate and independent sources of fluid pressure, such as a reservoir tank and/or
compressor.

[0048] Fluid pressure in the air spring 26 varies with and is proportional to the load or
weight of the heavy-duty vehicle. Fluid pressure in the air spring 26 is detected and
monitored as an indication of weight or load of the heavy-duty vehicle. The air spring 26
may be put in selective fluid communication with the source of fluid pressure 24. The
pilot operated regulator 22 is provided in fluid communication with the source of fluid
pressure 24. A pilot pressure signal path 80 may be provided that directly
communicates the fluid pressure in the air spring 26 as pilot pressure PP to the pilot
operated regulator 22. The air spring 26 generates a pneumatic signal indicative of the
air pressure in the air spring as pilot pressure PP. The signal or fluid pressure
communicated by the pilot pressure signal path 80 to a pilot operated regulator 22 is
indicative of the fluid pressure in the air spring 26 and is a function of load of the heavy-
duty vehicle. The pilot operated regulator 22 compares the pilot pressure PP received
to an outlet pressure PO and adjusts the outlet pressure to be the same as or a function
of the pilot pressure. The pilot operated regulator 22 may also be set to maintain an
outlet pressure PO at or above a minimum threshold pressure which may be adjusted.
The pilot operated regulator 22 may be manually adjusted to vary the outlet pressure

PO by an offset amount relative to the pilot pressure PP.
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[0049] An exemplary structure of the pilot operated regulator 22, according to an
aspect of the disclosed subject matter, is illustrated in Fig. 3. The pilot operated
regulator 22 includes a valve body 200 which can be incorporated into a system in need
of fluid pressure control, such as the tire inflation system 20. The valve body 200
includes a regulator section 202 having a closed end and an open end portion. A cap
section 204 is attached to the open end portion of the regulator section 202 by suitable
means, such as a threaded connection. A pilot section 206 is attached to the cap
section 204 by suitable means, such as a threaded connection. The regulator section
202, cap section 204, and pilot section 206 preferably have cylindrical inner surface
portions defining respective cavities that are arranged coaxially. It is contemplated that
the cap section 204 and pilot section 206 could be formed as a single component.
[0050] The regulator section 202 includes a fluid inlet port 220 into which inlet
pressure Pl is directed from a source of fluid pressure. The regulator section 202 also
includes a fluid outlet port 222 from which outlet pressure PO may flow. A poppet valve
arrangement 224 is supported in the regulator section 202 and selectively allows or
blocks fluid communication between the fluid inlet port 220 and the fluid outlet port 222.
Movement of the poppet valve arrangement 224 from a seat 226 allows fluid
communication between the fluid inlet port 220 and the fluid outlet port 222. A spring
228 biases the poppet valve arrangement 224 to a closed condition blocking fluid
communication between the fluid inlet port 220 and the fluid outlet port 222. The force
applied by spring 228 is relatively low and sufficient to hold the supply or poppet valve

against the seat 226 when the pilot operated regulator 22 is in a closed condition.
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[0051] The cap section 204 houses a spacer 240 located between a regulator
diaphragm 242 and an upper or pilot diaphragm 244. The regulator diaphragm 242
controls the position and condition of the poppet valve arrangement 224. A regulator
spring 248 is located between the regulator section 202 and the regulator diaphragm
242. The regulator spring 248 biases the regulator diaphragm 242 in a direction which
would apply a force to move the poppet valve arrangement 224 in a direction toward the
closed position. The force that the regulator spring 248 applies to the regulator
diaphragm 242 is relatively greater than the force applied by the spring 228. The force
of the regulator spring 248 must be overcome by the opposing forces acting on the
regulator diaphragm 242 to move the poppet valve arrangement 224 away from the seat
226 and allow fluid communication between the fluid inlet port 220 and the fluid outlet
port 222.

[0052] The cap section 204 has exhaust ports 260 communicating with atmosphere.
The exhaust ports 260 are also partially defined by a space between the cap section
204 and the pilot section 206. The poppet valve arrangement 224 has a supply portion
262 which selectively allows or blocks fluid communication between the fluid inlet port
220 and fluid outlet port 222. The poppet val\)e arrangement 224 also has an exhaust
portion 264 that selectively allows or blocks fluid communication between the fluid outlet
port 222 and the exhaust ports 260. The exhaust portion 264 includes a hollow spindle
or stem portion 266 of the poppet valve arrangement 224 through which fluid may flow.
[0053] The pilot section 206 includes a port 280 through which the pilot pressure PP
enters the pilot section. The pilot section 206 also houses a movable sealed piston 282

located in an upper portion of the cavity defined by the pilot section. A spring 284 is
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located between the piston 282 and the upper or pilot diaphragm 244. The piston 282
has enough upward travel within the pilot section 206 so that the spring 284 can go into
a free state where no force is applied to the pilot diaphragm 244 or piston 282. The
spring 284 applies a force directly to the pilot diaphragm 244 to move the poppet valve
arrangement 224 to the open position. Fluid flow into the pilot section 206, due to pilot
pressure PP, exerts a force on the piston 282 attempting to move the piston upwardly.
Fluid flow into the pilot section 206, due to pilot pressure PP, also exerts a force against
the pilot diaphragm 244, which transfers the force to the spacer 240 and ultimately to
the regulator diaphragm 242. The pilot section 206 also includes a shoulder 286 for the
piston 282 to engage and limit upward, as viewed in Fig. 3, movement of the piston. It
should be apparent that other types of piston travel limiting structure may be employed.
[0054] An adjustment cap 300 is threaded onto an upper portion of the pilot section
206. Upon rotation of the adjustment cap 300, a force is applied by a spring 302
against the piston 282 and attempts to move the piston downwardly. The position
established by the piston 282 establishes the minimum threshold pressure allowed by
the pilot operated regulator 22 regardless of the pilot pressure PP. The minimum
threshold pressure may typically be set in the range of from about 62 psi to about 85
psi, and by way of example, preferably at about 70 psi for tires typically used on heavy-
duty trailer applications. This minimum threshold pressure is the pressure that the pilot
operated regulator 22 strives to always deliver as the outlet pressure PO without regard
to pilot pressure PP.

[0055] An offset adjustment member 320 is threaded into the adjustment cap 300.

Rotation of the offset adjustment member 320 engages the top of the piston 282 to set
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the position of the piston and establish an offset pressure delivered as the outlet
pressure PO that will vary from the pilot pressure PP. The offset pressure typically may
be up to +/- about 25 psi from pilot pressure PP. The exact offset pressure will depend
upon the application and situation in which the pilot operated regulator 22 is used.
[0056] Various operating conditions of the pilot operated regulator 22 are illustrated
in Figs. 4-10. Fig. 4 illustrates the pilot operated regulator 22 in a balanced state or
condition. That is, the supply portion 262 and exhaust portion 264 of the poppet valve
arrangement 224 are both closed. There is no fluid flow from the fluid inlet port 220 to
the fluid outlet port 222 or the exhaust ports 260. This represents a condition where the
demand for fluid flow and a pressure adjustment from the fluid outlet port 222 is not
needed, for example when a downstream component such as the tire and wheel
assembly 40 is at or slightly above the proper or desired minimum threshold pressure
for a given pilot pressure or load. The pilot pressure PP acts on the piston 282 and the
pilot diaphragm 244 in an attempt to move the piston and pilot diaphragm in opposite
directions. The piston 282 is shown in Fig. 4 positioned against the offset adjustment
member 320. This indicates that the pilot pressure PP is high enough to cancel the
force from spring 302 that would transfer through piston 282 to spring 284. In other
words, the pilot pressure PP generates an outlet pressure PO that is above the
minimum threshold. The forces generated by the pilot pressure PP, the outlet pressure
PO, spring 284, and regulator spring 248 all balance at a position of the regulator
diaphragm 242 where supply portion 262 and the exhaust portion 264 of the poppet
valve arrangement 224 are both closed. In this state, the outlet pressures PO and

devices, such as the tire and wheel assembly 40, connected to the outlet port 222 are at

21



WO 2020/068728 PCT/US2019/052564

the optimal or desired minimum threshold pressure level for the given pilot pressure PP
and no additional fluid pressure is deIiVered.

[0057] An example of the pilot operated regulator 22 being in the balanced state or
condition would be if the upper spring 302 exerts a force on the piston 282 equivalent to
70 psi as a minimum threshold pressure setting. The lower spring 284 could be
selected to exert a force on the piston 282 equivalent to 70 psi. The piston 282 and
pilot diaphragm 244 could have equal surface areas upon which pilot pressure PP acts.
If there is no pilot pressure PP and the outlet pressure PO is 70 psi, the regulator
diaphragm 242 is in a position where supply portion 262 and the exhaust portion 264 of
the poppet valve arrangement 224 are both closed so there is no additional pressure or
fluid flow delivered to the tire and wheel assembly 40. The tire and wheel assembly 40
would maintain the minimum threshold pressure setting, such as 70 psi.

[0058] Fig. 5 illustrates the pilot operated regulator 22 in a fill or supply state or
condition. If the pilot operated regulator 22 is used in the tire inflation system 20 (Figs
1-2), fluid flow would inflate tires 40. The supply portion 262 of the poppet valve
arrangement 224 is open and the exhaust portion 264 is closed. In this condition, the
demand or outlet pressure PO is less than desired for a given pilot pressure PP. The
regulator diaphragm 242 is bowed downward, as viewed in Fig. 5, from the force of the
pilot pressure PP acting on the pilot diaphragm 244 through the spacer 240. The
regulator diaphragm 242 exerts a force to the poppet valve arrangement to unseat the
supply portion 262 of the poppet valve arrangement 224 to allow fluid flow from the fluid
inlet port 220 to the fluid outlet port 222. The fluid flow in the regulator section 202 is

represented by small arrows indicating the direction of flow through the regulator section
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202 around the stem portion 266. The supply portion 262 of the poppet valve
arrangement 224 will remain in this rel.ative position until outlet pressure PO balances
the forces from spring 284 and the pilot pressure PP. At that time, the regulator
diaphragm 242 returns o its non-bowed or balanced state position, such as that
illustrated in Fig. 4, and the poppet valve arrangément 224 returns to the closed position
blocking fluid flow from the fluid inlet port 220 to the fluid outlet port 222.

[0059] An example of the pilot operated regulator 22 being in a fill or supply state or
condition would be if the upper spring 302 and the lower spring 284 exert the same
force on the piston 282. The piston 282 and pilot diaphragm 244 have equal surface
areas upon which pilot pressure PP acts. If the pilot pressure PP is greater than zero,
the regulator diaphragm 242 is in a position where the supply portion 262 of the poppet
valve arrangement 224 is open and there is additional pressure or fluid flow delivered to
the tire and wheel assembly 40 that is proportional to the pilot pressure. The pressure
in tire and wheel assembly 40 would be maintained at or above the minimum threshold
pressure. Itis contemplated that different spring rates could be selected for the upper
spring 302 and the lower spring 284 in order to vary outlet pressure PO.

[0060] Fig. 6 illustrates the pilot operated regulator 22 in an exhaust state or
condition. If the pilot operated regulator 22 is used in the tire inflation system 20, fluid
flow would deflate the tires of the tire and wheel assemblies 40. The supply portion 262
of the poppet valve arrangement 224 is closed and the exhaust portion 264 is open. In
this condition, the demand or outlet pressure PO overcomes the pilot pressure PP. The
regulator diaphragm 242 is bowed upwardly, as viewed in Fig. 6. The regulator

diaphragm 242 allows the supply portion 262 to seat the poppet valve arrangement 224.
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The fluid flow in the regulator section 202 and cap section 204 is represented by small
arrows indicating the direction of flow through the hollow stem portion 266 of the poppet
valve arrangement 224. The exhaust portion 264 of the poppet valve arrangement 224
will remain in this relative position until outlet pressure PO balances the forces from
spring 284 and the pilot pressure PP. At that time the regulator diaphragm 242 returns
to its balanced state position, as illustrated in Fig. 4, and the exhaust portion 264 of the
poppet valve arrangement 224 returns to the closed state blocking fluid flow from the
outlet port 222 to the exhaust ports 260. Note that in the positions illustrated in Figs. 4-
6 of the pilot operated regulator 22, the piston 282 has not moved from its position
against offset adjustment member 320. This indicates that the pilot pressure PP is high
enough to cancel the force from spring 302 that would transfer through piston 282 to
spring 284. In other words, the pilot pressure PP generates an outlet pressure PO that
is above the minimum threshold.

[0061] Fig. 7 illustrates the pilot operated regulator 22 in a condition where pilot
pressure PP corresponds to the outlet pressure PO at a set minimum thfeshold
pressure or above. The adjustment cap 300 is turned to adjust and set the minimum
output pressure PO of the pilot operated regulator 22 to a desired pressure value, such
as 70 psi. The adjustment cap 300 compresses the spring 302 to apply a force to an
upper surface of the piston 282. Pilot pressure PP acts on the lower surface of the
piston 282 and opposes the force of the spring 302. If pilot pressure PP is greater than
the force applied to the piston 282 by the spring 302, the piston 282 rests against the

shoulder 286 of the pilot section 206 or the offset adjustment member 320. In this
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position the pilot pressure PP is great enough to generate an outlet pressure PO that is
equal to or greater than the minimum threshold pressure that was set.

[0062] Fig. 8 illustrates the pilot operated regulator 22 in a condition where pilot
pressure PP is less than the force applied by the spring 302. The piston 282 moves
downwardly away from the shoulder 286 of the pilot section 206. The piston 282
compresses the spring 284 which applies a force to the pilot diaphragm 244. The pilot
diaphragm 244 applies a force to the spacer 240 which is transmitted to the regulator
diaphragm 242. This opens the supply portion 262 of the poppet valve arrangement
224 and allows fluid flow to the fluid outlet port 222 and maintains the outlet pressure
PO to at least the minimum threshold pressure. The force transferred through the
spring 284 is the force set by the position of the adjustment cap 300 minus the force
that is generated against the piston 282 by the pilot pressure PP. When the pilot
pressure PP is above a minimum threshold pressure, the force from the spring 284
seats the piston 282 against the shoulder 286 of the pilot section 206 or the offset
adjustment member 320 and cancels the force oflthe spring 302. ltis also possible fo
vary the force exerted by spring 302 by changing the effective area of the piston 282, if
the application requires the minimum outlet pressure PO to vary over the range of pilot
pressures PP. It should be noted that the piston 282 could also be replaced by a
diaphragm.

[0063] When pilot pressure PP is at or above the corresponding minimum threshold
pressure, the pilot pressure drives the piston 282 upwardly and cancels the force from
the spring 284. The force acting on the pilot diaphragm 244 is from pilot pressure PP

and the force established by the offset adjustment member 320, if offset has been
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adjusted higher. When pilot pressure PP drops below the corresponding established
minimum threshold pressure, the force of spring 302 is greater than the force applied by
the pilot pressure acting on the piston 282. Therefore, not all of the force of the spring
302 is canceled. This causes the piston 282 to move downwardly and compress the
spring 284, causing the pilot diaphragm 244 to apply a force to the regulator diaphragm
242 through spacer 240 and open the poppet valve arrangement 224.

[0064] There are occasions where it is desirable to adjust outlet pressure PO higher
or lower than the pilot pressure PP by a fixed amount. The offset adjustment member
320 is used to adjust the offset of the outlet pressure PO relative to pilot pressure PP.
The offset adjustment member 320 enables this desired condition and is illustrated in
Figs. 9-10.

[0065] To increase the outlet pressure PO relative to the pilot pressure PP, the offset
adjustment member 320 is turned to move the piston 282 downwardly. When the offset
adjustment member 320 is adjusted to set the position of the piston 282 away from the
shoulder 286, the force applied by the spring 284 to the pilot diaphragm 244 is
increased. When the offset adjustment member 320 is turned to move the piston 282
downwardly to the position illustrated in Fig. 9, the spring 284 compresses to increase
the force transmitted to the regulator diaphragm 242 and increase the outlet pressure
PO relative to the pilot pressure PP by a fixed amount. The force of the compressed
spring 284 is in addition to the force created by the pilot pressure PP and is
independent of the pilot pressure. In other words, the pilot pressure PP does not cancel

or affect the force generated by the offset adjustment member 320.
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[0066] To reduce outlet pressure PO below the pilot pressure PP, the offset
adjustment member 320 is turned to allow the piston 282 to move upwardly in a
direction toward the shoulder 286 as illustrated in Fig. 10. The offset adjustment
member 320 is in a position allowing the piston 282 to move upwardly but still spaced
from the shoulder 286 to relax the spring 284. The position of the piston 282 relieves
any force imparted by the spring 284, assuming that adjustment cap 300 is also turned
out so that spring 302 is not compressed. The force of the spring 284 transmitted to the
regulator diaphragm 242 is reduced or eliminated which does not provide any offset
outlet pressure PO relative to pilot pressure PP. When there is no pilot pressure PP,
outlet pressure PO is then established by the spring 302. The relationship between pilot
pressure PP and outlet pressure PO may be established by having a regulator
diaphragm with a different effective area than that of the pilot diaphragm. It is also
contemplated that the piston 282 could have a larger effective area than that of the pilot
diaphragm 244 by about 9.6%.

[0067] It should be noted that for applications where outlet pressure PO must be
lower than the pilot pressure PP, the pilot diaphragm 244 can be constructed so that it
has a smaller effective area than the regulator diaphragm 242. In the illustrated aspect
of the pilot operated regulator 22, the pilot diaphragm 244 has a smaller diameter than
the regulator diaphragm 242. It is contemplated that the effective areas of the pilot
diaphragm 244 and the regulator diaphragm 242 are the same. Also, a regulator spring
248 can be added in the regulator section 202 to oppose the force of the pilot pressure

PP.
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[0068] There are several advantages of the disclosed subject matter over the prior
art. For example, in order to provide pilot operated regulator functionality, adjustable
minimum threshold pressure, and offset pressure relative to pilot pressure, prior art
systems would employ a second regulator and a valve to direct flow from one regulator
to the other. Another potential approach is to use an electronically controlled regulator
with various sensors and a control algorithm. These systems are expensive and require
a reliable source of electrical power, something that is not always available on a heavy-
duty vehicle, such as a trailer detached from a tractor. The disclosed subject matter
provides the same functionality in a single pilot operated regulator 22 and does not
require electrical power. That is, the pilot operated regulator 22 of the disclosed subject
matter provides control functions and additional features in a single integrated package.
This reduces the size of the regulator valve body and the complexity of the system
which improves reliability and reduces costs. The pilot operated regulator 22 may be
used in any type of tire inflation system. In addition to use in tire inflation systems, the
pilot operated regulator 22 may be used in industrial process or machinery control.
[0069] The disclosed subject matter successfully incorporates a pilot operated
regulator in a load-based tire inflation system that is capable of automatically and
continuously adjusting fluid pressure in vehicle tires in response to pilot pressure
communicated from an air spring, having an adjustable minimum outlet pressure, and
having adjustable offset pressure relative to pilot pressure. The tire inflation system
with the pilot operated regulator of the disclosed subject matter may improve
performance characteristics and properties of tire and wheel assemblies, increase fuel

economy, decrease heavy-duty vehicle downtime and operational cost, and improve tire
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life and the durability that is required in the transportation industry. It is to be
understood that the disclosed subject matter finds application with all types of tire
inflation systems, air springs and suspension systems without affecting the concept or
implementation of the disclosed subject matter. Accordingly, the improved load-based
tire inflation system is relatively simple, provides an effective and efficient structure
which overcome limitations, disadvantages and drawbacks of the prior art.

[0070] Itis to be understood that the structure and operation of the improved pilot
operated regulator 22 of the disclosed subject matter may be altered or rearranged, or
certain components omitted or added, without affecting the overall concept or operation.
For example, rather than have features to adjust the offset pressure and the minimum
threshold pressure, springs can be placed in positions that provide a fixed offset and
minimum threshold without the capacity for adjustment. This might be useful in
applications where offset and minimum threshold pressures never need to change. The
improved pilot operated regulator may also be efnployed in industrial machinery, factory
equipment or automation applications where it is desirable to maintain operating
pressure at or above a minimum threshold pressure. The improved pilot operated
regulator 22 may replace several components, such as valves and conduits, previously
needed to perform the same function as the single improved pilot operated regulator of
the disclosed subject matter.

[0071] While reference is made generally to a heavy-duty vehicle for the purpose of
convenience, it has been with the understanding that such reference includes trucks,
tractor-trailers or semi-trailers, and trailers thereof. The concepts of the pilot operated

regulator 22 are described with reference to at least one specific aspect. It is
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understood that this description and illustration is by way of example and not by way of
limitation.

[0072] In the foregoing description, certain terms have been used for brevity, clarity
and understanding, but no unnecessary limitations are to be implied therefrom beyond
the requirements of the prior art, because such terms are used for descriptive purposes
and are intended to be broadly construed. Possible modifications and alterations may
occur to others upon a reading and understanding the disclosed subject matter, and it is
understood that the disclosed subject matter includes all such modifications, alterations
and equivalents.

[0073] Having now described the features, discoveries and principles of the
disclosed subject matter, the manner in which the load-based tire inflation system is
used and installed, the characteristics of the construction, arrangement and method
steps, and the advantageous, new and useful results obtained; the new and useful
structures, devices, elements, arrangements, process, parts and combinations are set

forth.
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WHAT IS CLAIMED 1S:

1. A regulator for establishing outlet fluid pressure, the regulator comprising:

a valve body having a fluid pressure inlet in selective fluid communication with
a fluid pressure outlet;

a pilot pressure inlet formed in the valve body and in fluid communication with
a source of pilot pressure;

valving structure within the valve body for establishing outlet fluid pressure as
a function of pilot pressure;

first adjustable structure within the valve body to establish a minimum outlet
fluid pressure threshold without regard to pilot pressure; and

second adjustable structure within said valve body, said second adjustable
structure including a piston, a first diaphragm separated by a resilient structure to define
a pilot chamber in fluid communication with said source of pilot pressure, and a second
diaphragm spaced from and connected with said first diaphragm to locate said second
diaphragm to affect the condition of the valving structure,

wherein a force applied by said resilient structure establishes outlet fluid

pressure offset relative to pilot pressure.

2. The regulator of claim 1, wherein the first adjustable structure is coaxially

arranged with the adjustable second adjustable structure.

31



01 Apr 2022

2019347731

3. The regulator of claim 1, wherein the second adjustable structure is coaxially

arranged with a direction of movement of the valving structure.

4. The regulator of claim 1, further including a resilient mechanism acting on the
piston to position the first diaphragm for establishing the minimum outlet fluid pressure

threshold without regard to pilot pressure.

5. The regulator of claim 1, wherein the first adjustable structure is coaxially

arranged with a direction of movement of the valving structure.

6. The regulator of claim 1, used in a load-based tire inflation system for a
heavy-duty vehicle, the heavy-duty vehicle having an air spring suspension system in
which fluid pressure in the air spring suspension system varies with a weight of the
heavy-duty vehicle and wherein the source of pilot pressure is fluid pressure from the air

spring suspension system.

7. The regulator of claim 1, wherein the valving structure comprises a poppet

valve arrangement.

8. A load-based tire inflation system for a heavy-duty vehicle, the load-based tire
inflation system comprising:
an air spring generating a pilot pressure as a function of the weight of the

heavy-duty vehicle;
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a regulator having a fluid pressure inlet in selective fluid communication with a
fluid pressure outlet;

a pilot pressure inlet formed in the regulator and in fluid communication with
the air spring to communicate the pilot pressure to the regulator;

valving structure within the regulator for establishing outlet fluid pressure as a
function of the pilot pressure; and

first adjustable structure within the regulator to establish a minimum outlet

fluid pressure threshold without regard to pilot pressure.

9. The regulator of claim 8, further including second adjustable structure within

the regulator to establish outlet fluid pressure offset relative to pilot pressure.

10. The regulator of claim 9, wherein the first adjustable structure is coaxially

arranged with the adjustable second adjustable structure.

11. The regulator of claim 9, wherein the second adjustable structure is coaxially

arranged with a direction of movement of the valving structure.

12. The regulator of claim 9, wherein the second adjustable structure further
includes a piston and a first diaphragm separated by resilient structure to define a pilot
chamber in fluid communication with the source of pilot pressure, the force applied by

the resilient structure establishes outlet fluid pressure offset relative to pilot pressure.
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13. The regulator of claim 12, further including a resilient mechanism acting on
the piston to position the first diaphragm for establishing the minimum outlet fluid

pressure threshold without regard to pilot pressure.

14. The regulator of claim 12, further including a second diaphragm spaced from
and connected with the first diaphragm to locate the second diaphragm to affect the

condition of the valving structure.

15. The regulator of claim 8, wherein the first adjustable structure is coaxially

arranged with a direction of movement of the valving structure.

16. The regulator of claim 8, wherein the valving structure comprises a poppet

valve arrangement.

17. A load-based tire inflation system for a heavy-duty vehicle, the load-based tire
inflation system comprising:

a source of fluid pressure;

a tire and wheel assembly operatively mounted to the heavy-duty vehicle and
being in selective fluid communication with the source of fluid pressure;

an air spring suspension system having a fluid pressure that is a function of a
weight of the heavy-duty vehicle;

a regulator in fluid communication with and located between the source of

fluid pressure and the tire and wheel assembly, the regulator also being in fluid
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communication with the air spring suspension system, the regulator continuously
controlling fluid pressure in the tire and wheel assembly; and

adjustable structure within the regulator to establish a minimum fluid pressure
delivered to the tire and wheel assembly, the regulator maintaining fluid pressure in the
tire and wheel assembly at or above the minimum pressure threshold without regard to

the fluid pressure in the air spring suspension system.

18. The load-based tire inflation system of claim 17, further including adjustable
offset control within the regulator to vary fluid pressure delivered to the tire and wheel

assembly by an amount relative to fluid pressure in the air spring suspension system.

19. A method of establishing pressure in at least one tire used on a heavy-duty
vehicle, the method comprising the steps of:

providing a source of fluid pressure to the heavy-duty vehicle;

mounting a tire and wheel assembly to an axle of the heavy-duty vehicle;

generating a pilot pressure as a function of the weight of the heavy-duty
vehicle from an air spring in fluid communication with the source of fluid pressure;

regulating fluid pressure from the source of fluid pressure to the tire of the
heavy-duty vehicle as a function of pilot pressure; and

setting a minimum outlet fluid pressure threshold without regard to pilot

pressure.
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20. The method of claim 19, further including the step of offsetting fluid pressure

to the tire of the heavy-duty vehicle relative to pilot pressure.

21. A regulator for establishing outlet fluid pressure, the regulator comprising:
a valve body having a fluid pressure inlet in selective fluid communication with a fluid
pressure outlet;

a pilot pressure inlet formed in the valve body and in fluid communication with
a source of pilot pressure;

valving structure within the valve body for establishing outlet fluid pressure as
a function of pilot pressure; and

first adjustable structure within the valve body to establish a minimum outlet
fluid pressure threshold without regard to pilot pressure,

wherein said regulator is used in a load-based tire inflation system for a
heavy-duty vehicle, the heavy-duty vehicle having an air spring suspension system in
which fluid pressure in the air spring suspension system varies with a weight of the
heavy-duty vehicle and wherein the source of pilot pressure is fluid pressure from the air

spring suspension system.
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