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PRESSURE CONTROLLED AND PRESSURE CONTROL VALVE FOR AN

INFLATABLE OBJECT

TECHNICAL FIELD
The field of this invention relates to a pressure controlled and pressure control
valve and more particularly to a pressure controlled valve suitable for self-inflatable

devices.

BACKGROUND OF THE DISCLOSURE

Pressure controlled and pressure control valves have wide applications. There
arc a few that are suitable for maintaining a set pressure for a pneumatic article for
example, a pneumatic tire, pneumatic bed, and pressurized tanks. Many of these are
diaphragm valves that only use the diaphragm as an actuator but another element, for
example a poppet valve is used as the on/off valve.

There are situations where the pressure control valve set pressure needs to be
casily changed according to different applications and which can be casily sct by a
manufacture or a service facility. Furthermore, it is desired to deter the end user from
changing the set pressure.

On the other hand, there are situations where it is desired to have the pressure
controlled valve easily adjustable by the end user. One situation example is for self
inflatable pneumatic tires. Tire companies make the same tire for a variety of makes and
models of motor vehicles and the manufacturer of each make and model has its preferred
set pressure.  While adjustable regulators or pressure controlled valves are known, they

are constructed in a fashion that prevents usage for self-inflatable objects.
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It is highly desired to have a pressure controlled valve that can be easily adjusted
from the exterior of the valve housing to accommodate the different pneumatic pressures
to climinate the need to replace a valve regulator for cach make and model.

What is also needed is a pressure controlled valve that is economical to build and
is easily adjustable from its exterior to accommodate different pneumatic pressures for
use in a self-inflatable object. What is also needed is a valve that is also used as a
pressure actuator to reduce the number of parts and provide for a more economical valve.
What is also needed is a pressure controlled valve that is suitable for use with different
fluids. What is also desirable is a pressure controlled valve that can be casily pre-set to
one of a variety of set pressures depending on the application at the manufacturing or
assembly facility but deters the end user from undesirably and inadvertently adjusting the

set pressure.
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SUMMARY OF THE DISCLOSURE

In accordance with one aspect of the invention, an adjustable pressure controlled
valve has a housing with a first bore. An inlet passage and outlet passage respectively
lead to and from the bore in the housing. The housing has a valve seat operably
interposed between the inlet passage and outlet passage.

A valve member is mounted in the first bore and has a valve surface for seating
on the valve seat when in a closed position and movable from the valve seat to an open
position. The valve member has an opposite surface that is operably in communication
with a pneumatic pressure for producing a closing force on the valve member. A
resilient biasing member is mounted in the housing for exerting a opening biasing force
on the valve member. An adjustment member is adjustably connected to the housing for
adjusting the opening biasing force of the resilient biasing member.

Preferably, the resilient biasing member is in the form of a helical compression
spring mounted in a second bore of the housing. The spring is adjustably compressed
between the valve member and the adjustment member.

The second bore has threads and the adjustment member is threadably engaged
with the threads of the second bore for axial and rotational adjustment. The adjustment
member is accessible for adjustment from an exterior of the housing.

In one embodiment, the valve member is a diaphragm valve that is flexible with
its periphery fixedly mounted in the first bore and held in position by a cap member. The
cap member has a vent therethrough for communication with a pressure source that
exerts a closing biasing force on the diaphragm valve.

In accordance with another aspect of the invention, a pressure controlled valve

has a housing with a pressure chamber for communication with a pneumatically
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pressurized control source. The housing has an inlet for communication with a
pneumatic supply source and an outlet selectively in fluid flow with the inlet and a valve
scat. A movable valve is constructed to open and close with respect to the valve seat to
selectively open a pathway from the inlet to the outlet and close the pathway between the
inlet and outlet. The pressure chamber is sealingly and fluidly separated in the
housing from the pathway between the inlet and outlet.  The movable valve is
constructed to respond to a closing biasing force caused by pneumatic pressure within the
pressure chamber. A resilient spring is mounted in the housing to provide an opening
biasing force on the movable valve. Preferably, the resilient spring is adjustable to
provide an adjustable opening biasing force on the movable valve.

In one embodiment, the first bore and second bore are co-aligned with the valve
seat interposed therebetween. The resilient spring is a helical compression spring seated
on a lift rod member. The lift rod member is abuttingly connected to a valve lifter
member that directly abuts the diaphragm valve. One of the lift rod member and valve
lifter member has at least one prong axially extending through at least one passage
between the first and second bores.

In accordance with another aspect of the invention, a pressure controlled valve
has a housing with a first pressure chamber for communication with a pneumatically
pressurized control source. The housing has an inlet for communication with a
pneumatic supply source and an outlet selectively in fluid flow with the inlet. A movable
valve opens and closes with respect to a valve seat of the housing to selectively open a
pathway from the inlet to the outlet and close the pathway between the inlet and outlet.
The pressure chamber is scalingly and fluidly separated from the pathway between the

inlet and outlet. The movable valve is constructed to respond to a closing biasing force
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of predetermined amount caused by pneumatic pressure within the pressure chamber . A
resilient spring mounted in the housing provides an opening biasing force on the movable
valve.

Preferably, the resilient spring is adjustable to provide an adjustable opening
biasing force on the movable valve. In one embodiment, the movable valve is a
diaphragm valve that is flexible with its periphery sealingly affixed in the housing. The
diaphragm valve and the spring are co-aligned within the housing. In another
embodiment, the movable valve is a piston type valve slidably mounted in the housing.

In accordance with another aspect of the invention, an adjustable pressure
controlled valve has a housing with a valve scat and passage extending from an inlet to
an outlet. A valve member is movable between an open position and a closed position
with respect to the valve seat with one side of the valve member selectively seated on the
valve seat when in the closed position. The housing has a pressure chamber on an
opposite side of the valve member for exerting a closing bias on the valve member. An
adjustable resilient spring member is in the housing and exerts an opening bias on the
valve member. An adjustment member is axially movable relative to the housing by
rotation with respect to the housing to adjust the amount of opening bias exerted by the
adjustable resilient spring member on the valve member. The adjustment member has
circumferentially spaced grooves about a central axis and axially spaced shoulders at
each end of the grooves. A spring detent clip is selectively engageable to one of the
grooves to reduce the risk of inadvertent rotation of the adjustment member. The spring
detent is also engageable with the axially spaced shoulders to define the range of axial
motion of the adjustment member.

According to another aspect, a pressure controlled valve assembly has a
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housing with a pressure controlled valve housed therein that is controlled between an
open position and closed position by a pressure control chamber in the housing for
controlling communication of a pneumatic supply source through an inlet with a
pneumatic pressure control source through an outlet. The pneumatic pressure control
source is in communication with a pressurizable device to provide feedback through
the pressure control chamber to control pressure in the pressurizable device. The
housing has a first passageway and a second passageway interposed between the
pressure controlled valve and the outlet. The first passageway and the second
passageway have respective first and second ports in the housing connectable to a
respective first end and second end of a reversible pump.

A first pair of check valves is in the first passageway of the housing and a
second pair of check valves is in the second passageway of the housing. When the
reversible pump operates in one direction and the pressure controlled valve is in the
open position, one downstream check valve of the first pair enables high pressure
from the reversible pump to flow through a respective port to the outlet and in the
upstream check valve of the first pair enables lower pressure flow from the pressure
controlled valve to the reversible pump. When the reversible pump operates in the
opposite direction and the pressure controlled valve is in the open position, a
downstream check valve of the second pair enables high pressure from the reversible
pump to flow through a respective port to the outlet and an upstream check valve of
the second pair enables lower pressure flow from the pressure controlled valve to the
reversible pump.

Preferably, the housing has a pressure controlled valve mounting section and a

second housing section. The second housing section has first and second ends. The
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first end is mounted to the pressure controlled valve housing section. The first and
second passageways cach have two path legs passing through the second housing
section from the first end to the second end. The first pair and second pair of check
valves are positioned at respective first ends of the two path legs at each first and
second passageway.

In one embodiment, the check valves have a mounting rim seated in a
respective counterbore at respective first ends of the two path legs for the first and
second passageways. The first and second pairs of check valves are preferably duck
bill type check valves.

In one embodiment, the second housing section has a third path leg for cach
passageway for providing return flow from the reversible pump to the first end of the
second housing section and selectively provides high pressure flow through the
downstream check valve for each pair of check valves.

Preferably, a port adapter plate is interposed between the pressure controlled
valve mounting section and the second housing section. The mounting rims of the
check valve have ends sealingly abutting the port adapter plate for directing flow
from the port adapter plate and through the second housing section. Furthermore in
one embodiment the second housing section has the inlet passing therethough to the
pressure controlled valve mounting section.

According to another aspect of the invention, an adjustable pressure controlled
valve has a housing with a cavity therein. An inlet passage leads to the cavity and an
outlet passage leads from the cavity. The housing has a valve seat interposed between
the inlet passage and outlet passage. A valve member is mounted in the cavity and is

operably interposed between the inlet passage and the outlet passage of the housing.
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The valve member has a valve surface for seating on the valve seat when in a closed
position and movable from the valve seat to an open position. A first resilient biasing
member is mounted in the housing for exerting an opening bias force on the valve
member to move the valve member to the open position. A second resilient biasing
member mounted on an opposite side of the valve member for exerting a closing bias
force on the valve member to move the valve member to the closed position. The
closing bias force from the second resilient member is less than the opening bias force
the first resilient member.

A cap member is inserted in the bore a pre-set axial amount to scat and pre-
compress the second resilient member a pre-set amount between the cap member and
the valve member and affixing the cap member in place such that the closing bias
force of the second resilient biasing member is adjustably pre-set by the cap member.
The valve member is also biased to the closed position by a pneumatic pressure
control source and, when pneumatic pressure in the pneumatic pressure control source
is over a pre-determined amount, its closing bias force in addition to the closing bias
force of the second resilient member overcomes the opening bias force of the first

resilient member to close the valve member.
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BRIEF DESCRIPTION OF THE DRAWINGS

Reference now is made to the accompanying drawings in which:

Figure 1 is a perspective transparent view of one embodiment of a pressure
controlled valve with the valve housing being transparent to illustrate its internally
mounted parts and the adjuster set at about 30 PSI;

Figure 2 is a cross-sectional view taken along the lines 2-2 shown in Figure 1
illustrating the valve in an open position;

Figure 3 is an exploded perspective view of the valve shown in Figure 1;

Figure 4 is a cross-sectional view taken along lines 4-4 shown in Figure 1;

Figure 5 is an enlarged fragmented side segmented view showing the valve in a
closed position;

Figure 6 is a view similar to Figure 5 showing the adjustment member adjusted to
a higher set pressure e.g. 50 PSI compared to the lower set pressure shown in phantom
and the valve being in the open position;

Figure 7 is a segmented view similar to Figure 2 showing an alternate
embodiment;

Figure 8 is a schematic view illustrating a flow path through the bidirectional
check valve section incorporated in housing 12;

Figure 9 is a schematic view similar to Figure 8 illustrating the flow path when
the peristaltic pump is working in an opposite direction;

Figure 10 shows an alternate embodiment of a pressure controlled valve
assembly installed in a tire;

Figure 11 is a partially exploded view showing the pressure controlled valve

being installed in a tire with part of a peristaltic pump shown in the tire;
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Figure 12 is an enlarged view of the pressure controlled valve shown in Figure 11
with the mounting assembly removed from the tire to illustrate a bayonet fitting;

Figure 13 is a segmented view taken along lines 13-13 shown in Figure 12;

Figure 14 is an exploded view of the pressure controlled valve shown in Figure
12;

Figure 15 is a schematic segmented view illustrating the one flow path through
the valve assembly shown in Figure 14 when the peristaltic pump is working in one
direction; and

Figure 16 is a schematic segmented view similar to Figure 15 illustrating a
second flow path through the valve assembly when the peristaltic pump is working in an

opposite direction.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figures 1, 2 and 3, a valve 10 has a housing 12 with a first bore
14 and a second bore 16 at opposite ends 18 and 19 of housing 12. The first and second
bores are co-aligned. A flexible diaphragm valve 20 is fitted in the first bore 14 and
sealingly clamped in place by a cap member 30 secured to housing 12. The second bore
16 receives a resilient helical spring 40 operably biased to move the diaphragm valve 20
away from valve seating surface 42 and is adjustably compressed by adjustment member
50 threadably engaged to the second bore 16 of the housing. The bores 14 and 16, spring
40, adjustment member 50, diaphragm valve 20 and caps 30 are all co-aligned in housing
12. A retaining clip 100 is mounted to the exterior of housing to retain the adjustment
member 50 in the second bore 16 and to secure it against inadvertent rotation.

More particularly, as shown in Figures 2 and 5, the diaphragm valve 20 has a first
pressure surface 23 and opposite facing second valve surface 25 and has its periphery 22
clamped in the first bore 14 between a shoulder 24 of housing and a shoulder 32 of cap
member 30. The cap member 30 and diaphragm valve 20 form a pressure chamber 36
with housing 12 in first bore 14. The chamber 36 can be in fluid and pressure
communication with a suitable pressurized pneumatic source (not shown) via a vent 34
through cap 30. The shown pneumatic source may be, for example, an interior of tire,
interior of a pneumatic bed, pressure tank or other pressurized item.

The housing 12 has an inlet 53 leading to passage 52 from an exterior side wall
54 of the housing into the second bore 16 at downstream end 51. The inlet 53 can be in
communication with a pneumatic source for example, ambient atmosphere.

The first and second bores 14 and 16 are separated from each other by a divider
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section 56 of housing 12 which provides the valve seating surface 42 thereon. The valve
seating surface 42 surrounds an outlet passage 58 which has its downstream end 59
connectable to a pump (not shown) which then can lead to an item being pressurized, ¢.g.
the interior of a pneumatic tire, a pneumatic bed, pressure tank or other inflatable or
pressurizable item. The first bore 14 has an annular chamber section 44 surrounding the
valve seating surface 42.

The inlet passage 52 and outlet passage 58, when the diaphragm valve 20 is in the
open position as shown in Figures 2 or 6, are in communication with each other through
three passages 60 through divider 56 of which one passage 60 is clearly illustrated for
simplicity of the drawings. The passages 60 are circumferentially spaced about divider
56 and provide for free pneumatic flow between the first and second bores 14 and 16.

Furthermore, a valve lifter member 70 has an annular shaped end 72 sitting in
annular section 44 about valve section surface 42 and abuts the diaphragm surface 25.
The lifter member 70 has three prongs 74 that extend through the passages 60 in a sliding
manner and are dimensioned to leave room for pneumatic flow through the passages 60.
The prongs 74 have their respective distal ends 76 abut a lift rod member 80. The lift rod
member 80 has a disc section &2 and a spring post 86. To prevent vacuum and pressure
lock, the disc section 82 has apertures 84 therethrough. The helical spring 40 surrounds
a spring post 86 of lift rod member 80 and sits against the back surface 88 of the disc
section 82.

The adjustment member 50 has an inner hole 45 that receives both the post 86
and spring 40. The inner hole 45 also scats the distal end of the spring 40. The
adjustment member 50 near its inner end also has a groove 46 that scats a gasket 48 to

allow the adjustment member 50 to slidably and sealingly engage the inner wall 17 of
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second bore 16 to prevent pneumatic leakage out rear threaded end 91 of housing 12.
The adjustment member 50 has threads 92 that engage complementary housing threads
94 at rear end section 91 of inner wall 17 about the second bore 16.  The  adjustment
member 50 has an enlarged head 96 that is constructed to be manually engaged for
rotation to adjust the compression of the spring 40. The head 96 may be hex shaped as
illustrated to be engaged by a wrench. It may in addition or alternately have an outer
knurl to be manually grabbed, have a slot or Phillips screwdriver slot to be engaged by a
screwdriver or Phillips head screw driver or have an internal hex to be engaged with a
hex key wrench to facilitate manual rotation of the adjustment member.

As best shown in Figures 1, 3 and 4, besides the threads 92, axially and rotational
motion of the adjustment member 50 is controlled by its splined section 98 with a
number of circumferentially spaced grooves 97 and ribs 99 axially extending between
shoulders 116 and 118 and engaging the clip 100. The clip 100 has a mounting peg 102
securely mounted in hole 104 of housing 12 through a tight press fit with circumferential
protuberance 103 of peg 102 engaging hole 104. The clip has a flexible arm 106 seated
in a recess 105 in housing 12 with a distal tapered tip 108 that extends through opening
107 and that is biased radially inward to engage one of the grooves 97 to act as a detent.
The arm 106 can flex to allow the tip to move radially outward to disengage out of
groove 97.

Calibrated pressure indicia 110 may be laser etched onto the outer side wall 112
of the adjustment member between the threads 92 and enlarged head 96. The indicia may
be ctched along a helical curve such that the set pressure is always at a fixed rotated
angle with respect to the housing. The calibrated indicia 110 that is set is positioned

axially directly at the end 19 of the housing 12 and can be calibrated to be radially
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positioned in proximity to an indicator arrow 114.

In operation, the adjustment member 50 is manually rotated such that the threads
92, 94 axially move the adjustment member to the desired axial position to compress the
spring 40 which corresponds to a set pressure for example 30 PSI as shown in Figure 1.
As the adjustment member 50 is turned, the ribs 99 engage and push out the distal tip
108 of clip 100 from a groove 97 and the tip 108 then clicks back into a sequential
groove 97. Each click corresponds to a change of a specified pressure difference, e.g.
one PSI, in other words, a full rotation of the adjustment member corresponds the
specified pressure difference times the number of grooves 97 and it increases or
decreases depending on the direction. For typical applications, the PSI indicia may range
from 30 to 50 PSI. A typical range may provide for about four full rotations or a range of
20 PSI. Figures 1, 2 and S illustrate the adjustment member set at approximately the
typical minimum adjusted set pressure, e.g. 30 PSI and Figure 6 illustrates the adjustment
member set at the typical maximum adjusted set pressure, e.g. 50 PSI.

Not only may an operator hear the click as the adjustment member 50 is rotated,
but in noisy environments such as an active commercial garage, the operator may feel the
clicks through the wrench and even place his finger on the spring arm 106 and feel the
arm move radially in and out to keep track of the clicks and thereby the PSI adjustment.
Once set, the tip 108 stays in the groove to act as a detent and serves to prevent
inadvertent rotation of the adjustment member.

As best shown in Figures 1 and 3, the clip 100 also functions as a stop by having
tip 108 abutting internal shoulders 116 and 118 at the opposite ends of the splined section
98 to prevent excessive rotation or axial motion of the adjustment member too far

outward to disengage from threads 94 and too far inward which may otherwise
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permanently deform spring 40 beyond it resilient range.

If pressure in chamber 36 is less than the set pressure as indicated by the
adjustment member, the resilient spring 40 biases the lift rod member 80 and pushes the
valve lifter 70 to unseat the diaphragm valve 20 from valve seat surface 42 until the
diaphragm abuts stops 31 on cap 30 creating open pathway passage 33 between inlet 53
and outlet 59. At this position, the valve is opened as illustrated in Figure 2 or Figure 6.
This allows the pump (not shown) to pump air from atmosphere that flows from inlet 59
through the valve through open pathway 33 and to outlet passage 58 and then to the
pump and into the interior air of the pneumatic inflatable bed, tire, pressure tank or other
inflatable or pressurizable object.

Referring now to Figure 5, if the pressure in chamber 36 is equal to or more than
the set pressure as indicated by the adjustment member, the pressure in chamber 36 acts
on diaphragm valve 20 and overcomes the bias of the resilient spring 40 and pushes
against the lift rod member 80 and pushes the valve lifter 70 to compress the helical
spring 40 until the diaphragm valve 20 becomes seated onto valve seat surface 42 which
closes the valve by interrupting or closing pathway 33. The pump (not shown) may
continue to operate but, intake passage 58 is closed, so the pump will not draw any fluid.

Figure 6 illustrates the adjustment member 50 screwed down to higher set
pressure position e.g. 50 PSI which further compresses spring 40 which therefore exerts
great opening pressure through valve lifter 70 onto diaphragm valve 20. At this position,
it takes greater pressure e.g. S0 PSI within chamber 36 to overcome the opening bias of
spring 40 to close diaphragm 20 onto valve surface 42 as compared to the 30 PSI position
shown in phantom.

In operation, pneumatic flow within housing 12 from inlet 53 through valve seat
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42 and out to outlet 59 does not mix with and is completely separated from pressure
chamber 36. Because of the separation of the pressure chamber 36 from passages 52, 58
and 60, the valve is suitable to be used where the pneumatic supply source may be
different than the pneumatically pressurized control source, i.e. the gas in chamber 36.
One pneumatic source is used as the pressure controlling source e.g. the pneumatic fluid
in chamber 36, and one pneumatic supply system has controlled flow from inlet 52 to
outlet 59.

On the other hand, when outlet 59 of the valve leads through a pump to an
inflatable device for example a pneumatic tire, pneumatic bed or pressure tank, which is
i fluid communication with chamber 36, the pressure controlled valve provides
feedback through chamber 36 to control the pressure in the inflatable device.

Referring now to Figure 7, an alternate embodiment is disclosed. Unchanged or
substantially similar parts will bear the same numerals as mentioned before. In this
embodiment, the diaphragm valve 20, valve lifter member 70 and lift rod member have
all been replaced by slidable piston valve 120 that is slidably and sealably mounted in the
first bore 14. The slidable piston valve 120 has an annular sealing gasket 121 to provide
the sliding seal.

The slidable piston valve 120 has a frusto-conical shaped valve surface 123 that
has an elastomeric overmold section 125 thereon. A divider section 156 has a single
central passage 160 with an annular valve seat 142 thereabout. Outlet passage 58
extends from the first bore 14.

The slidable piston valve has a central leg 174 that extends through the central
passage 160. The leg 174 has a diameter sized smaller that the diameter of central

passage 160 to allow pneumatic flow through passage 160 from the second bore 16 to the
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first bore 14. The leg 174 extends into the helical spring 40. The helical spring 40
directly biases the piston valve 120 to an open position.

The remaining parts are substantially the same as the parts described for the first
embodiment and will not be described again.

In operation when sufficient pneumatic pressure is in pressure chamber 36, the
slidable piston valve overcomes the opening bias of helical spring 40 to seat the frusto-
conical valve surface 123 onto valve seat 142 and close off outlet passage 58 from inlet
53 and passage 52 as shown in Figure 7.

When the pressure in chamber 36 drops to below the adjusted opening bias of
helical spring 40, the helical spring 40 moves the piston valve to the open position and
provides fluid communication from inlet 53 and passage 52 through passage 160 and to
outlet passage 58.

Other variations of the various parts are foreseeable for this valve 10. For
example, the prongs 74, instead of being integral with valve lifter 70, may be integral
with valve lifter rod 80. Furthermore, the prongs 74 as part of valve lift rod member 80
may directly abut the diaphragm and be used to lift the diaphragm off the valve seat to
the open position. The three prongs may also be replaced by a centrally located prong
that has a flow passage therethrough rather than about it. The piston valve surface 123
may have other shapes for example, an annular disc shape. The helical spring may be
replaced by other kinds of springs or resilient members for example, an elastomeric plug.
The resilient member rather than being a compression member in the second bore may
be a resilient tension member mounted in the pressure chamber that still biases the valve
member to the open position.

As illustrated in Figures 8 and 9, a bi-directional check valve system 176 may be
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mounted within housing 12 to provide an integral valve regulation system that allows use
with a bidirectional or reversible pump. The bidirectional check valve system 176 has
outlet passage 58 divided into first and second flow paths 178 and 179 interposed
between its upstream end 180 and downstream end 182. In first flow path 178, a pair of
check valves 184, 196 allows flow. Upstream check valve 184 is interposed between
upstream end 180 and a port 186. A second check valve 196 is interposed between port
192 and downstream end 182 of outlet passage 58. The second flow path 179 has a
second pair of check valves 200, 202 that allow flow. Upstream check valve 200 is
interposed between upstream end 180 and the port 192. Downstream check valve 202 is
interposed between the port 186 and downstream end 182. Port 186 is connected to one
end 188 of a peristaltic pump 190. Port 192 is connected to the other end 194 of the
peristaltic pump 190.

The peristaltic pump 190 is bi-directional i.e. it is operational when the tire
rotates in either direction. The construction of the peristaltic pump is known from other
patent literature for example U.S. Patent 8,235,081 and the teachings of U.S. Patent
8,235,081 for a tire and peristaltic pump is hereby incorporated by reference.

During operation of the peristaltic pump 190 in one direction as illustrated in
Figure 8, i.c. when the tire is rotating in one direction, the peristaltic pump 190 provides
air flow through a first path 178. The high pressure portion of path 178 has air passing
through port 192 and through check valve 196 and out past port 182 which leads to an
item being pressurized, e.g. the tire 216 as shown in Figures 10 and 11. The low pressure
side of path 178 has air drawn from the open valve scat (not shown) and through
upstream end 180 of passage 58 and through check valve 184. The second pair of check

valves 200, 202 is closed and prevents back flow of high pressure air from port 192 and
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port 182. If the valve 10 is closed, the peristaltic pump 190 is starved of air supply and,
while still working, does not effectively pump any air through outlet path 58.

If the peristaltic pump is operating in an opposite direction as illustrated in
Figure 9 i.e. the tire is rotating in an opposite direction, the peristaltic pump provides air
flow through second flow path 179. The high pressure portion of path 179 has air
passing through port 186 and through check valve 202 and out past port 182 which leads
to the item being pressurized, e. g. the tire 216. The low pressure portion of path 179 has
air drawn from the open valve and through upstream end 180 of passage 58 and through
check valve 200. The first pair of check valves 184, 196 is closed and prevents back
flow of high pressure air from port 186 and port 182. If the valve is closed, the peristaltic
pump 190 is similarly starved of air supply and, while still working, does not effectively
pump any air through outlet path 58.

Another alternate embodiment of a bidirectional pressure controlled valve
assembly 210 is shown in Figures 10-16. Referring now particularly to Figures 10-12,
the valve assembly 210 has a housing 212 that is installed in an insert 214 permanently
mounted to a tire 216 or other inflatable or pressurizable device. A locking ring 220 fits
about a valve regulator section 218 of the housing 212 and captures the housing 212 to
seat it to insert 214. A bayonet type fitting connection 222 between the locking ring 220
and insert 214 is suitable.

As most clearly shown in Figures 12-14, the housing 212 has a valve regulator
section 218 mounted on a port adapter plate 224 which in turn is mounted on a check
valve housing member 226 of housing 212. A scaling gasket disc 228 is interposed
between the check valve section 226 and the insert 214.

As shown most clearly in Figures 13 and 14, the valve regulator section 218 has



WO 2015/112109 PCT/US2014/012235

10

15

20

-20-

first and second housing parts 230 and 232 sealingly joined together which houses a
valve 208. An inlet port 253 leads to cavity 234 defined in the two joined section 230
and 232 via passage 252. The valve 208 includes a flexible pressure responsive
diaphragm 235 is fitted in the cavity 234 and seated or clamped between the joint of the
two sections 230 and 232. A resilient first helical spring 240 is seated in cavity 234 to
bias the valve 208 to an open position. The valve 208 has a valve pad 255 that seats on a
valve seating surface 242 when in the closed position and lifts from the surface 242 when
in the open position. The valve pad 255 sits on piston pad 257 which abuts the pressure
diaphragm 235.

The valve seating surface 242 surrounds an outlet passage 258. An annular
section 249 surrounds the valve seating surface 242 for seating the spring 240. The inlet
passage 252 and outlet passage 258, when the valve pad 255 is in the open position as
shown in Figure 13, are in communication with each other.

Inlet 253 leads to passage 252. The passage 252 extends through port adapter
plate 224 and check valve housing member 226. The inlet port 253 is in communication
with a pneumatic source for example, ambient atmosphere through aperture 260 in port
adapter plate 224, sealing gasket disc 228 and through port 262 in insert 214.

As shown in Figure 13, the diaphragm 235 has a first pressure surface 223 and
opposite facing second pressure surface 225 and has its periphery 237 clamped between a
shoulder 241 and 243 of housing parts 230 and 232. The housing part 232 has a bore 238
that receives a piston pad 245, second helical spring 244 and a cap 246. The second
helical spring 244 is compressed and scated between the cap 246 and piston pad 245.
The other side of piston pad 245 presses against the diaphragm 235 through which a

closing biasing force is exerted on the valve pad 255 and against the opening biasing
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force exerted by the first helical spring 240.

The bore 238 with cap 246 and diaphragm valve 235 form a pressure chamber
236. The chamber 236 can be in fluid and pressure communication with a suitable
pressure pneumatic control source e.g. interior of tire 216 via a vent 248 through cap 246.
The pre-compression, i.¢. closing bias of second helical spring 244 is set at a lower force
than the opening bias of first helical spring 240. However, when a pre-determined
pneumatic pressure e.g. 32 PSI is in pressure control source and thus pressure chamber
236, the combined pneumatic pressure and closing bias of second spring 244 acting on
surface 223 of diaphragm 235 is sufficient to overcome the opening bias of first helical
spring 240 and valve 208 is moved to the closed position.

The cap member 246 may be affixed within the bore 238 at selected pre-set axial
positions such that the spring 244 is pre-compressed a desired amount for a particular
application. The affixation may be by a press fit, sonic welding or tight threads.
Different housings 212 may be therefore set at different actuation pressures. If regulation
at a certain pressure is desired, a valve housing 212 pre-set at a selected actuation
pressure is chosen. If a different pressure is then later desired, the valve regulator
housing 212 may be swapped with a different valve regulated housing 212 with the cap
affixed at a different position. In this fashion it is foreseen to provide a series of
pressured control valves for pressurized and inflatable devices for example tires can
inflate or pressurized to a series of desired pressures. One just picks a particular
pressured controlled valve e.g. one set for 32 PSI, 34 PSI or 36 PSI, etc. No other
structural differences exist between the valves having different actuation pressures. The
only difference is where the cap 246 is axially positioned.

In this embodiment, the valve housing 212 has an integrated bi-directional check
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valve system 276 therein as shown more clearly in Figures 14-16. The bidirectional
valve system 276 has outlet passage 258 divided into first and second flow paths 278 and
279 beginning in a forked passage 281 in port adapter plate 224 and ending at two
downstream ports 282 and 283 in a periphery of valve housing 212. In first flow path
279 as best illustrated in Figure 15, a first check valve 284 is interposed between
upstream end 280 of path outlet passage 258 and a port 286 leading through a passage
287 in gasket 228 and to port 289 in insert 214 leading to one end 188 of peristaltic pump
190. The other end 194 of the peristaltic pump 190 is in communication to a port 291 in
insert 214 that leads to passage 293 in gasket 228 in communication with a port 292 of
check valve housing member 226. The port 292 leads to passage leg 295 that passes
through check valve housing member 226 to its top end 299. A valve port passage 297 in
valve port adapter 224 communicates to a downstream check valve 296. Passage leg 297
continues downstream and then radially extends out to peripheral groove 298 in valve
housing member 226 which leads up to peripheral groove 318 in valve adapter plate 224
that leads up to port 282.

The second flow path 279 as best illustrated in Figure 16 provides for upstream
check valve 300 interposed between upstream end 280 of path outlet passage 258 and a
port 301 leading through passage 293 in gasket 228 and to port 291 in insert 214 leading
to end 194 of peristaltic pump 190. The other end 188 of the peristaltic pump 190 is in
communication to a port 289 in insert 214 that leads to passage 287 in gasket 228 in
communication with port 303 of check valve housing member 226. The port 303 leads
to passage leg 305 that passes through check valve housing member 226 to its top end
299. A valve port passage 307 in valve adapter plate 224 communicates to a downstream

check valve 302. Passage leg 311 continues downstream and then radially extends out to
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second peripheral groove 316 in valve housing member 226 which leads up to peripheral
groove 319 in valve adapter plate 224 that leads up to port 283.

All four check valves 284, 296, 300 and 302 are duck billed types with peripheral
rims 320 that are seated in counterbores 323 in the top end 299 of the check valve
housing member 226. The port adapter plate 224 sealingly seats on the rims 320 and
presses them down till it is seated against the top end 299.

The check valves act in pairs with check valves 284 and 296 opening and closing
together and check valves 300 and 302 opening and closing together, but each pair being
completely out of phase with the other pair. During operation of the peristaltic pump in
one direction as i.¢. rotation of the tire in one direction, the peristaltic pump 190 delivers
high air pressure through port 292, illustrated in Figure 15, and through check valve 296
in first flow path 278. Air is drawn from the valve 208 and through upstream end 280 of
passage 258 through check valve 284 and down to the end 188 of peristaltic pump 190.
The pair of check valves 300 and 302 is closed and prevents back flow of high pressure
from ports 301 and 283. If the valve 208 is closed, the peristaltic pump 190 is starved of
air supply and while still undergoing peristaltic action, does not effectively pump any air
to port 282.

If the peristaltic pump 190 is rotated in an opposite direction, the peristaltic pump
190 delivers high air pressure to port 303 and through check valve 302 illustrated in
Figure 16 in second flow path 279. Air is drawn from the open valve 208 and through
upstream end 280, through check valve 300, and down to end 194 of peristaltic pump
190. The pair of check valves 284 and 296 is closed and prevents the back flow of high
pressure from ports 286 and 282. If the valve 208 is closed, the peristaltic pump 190 is

similarly starved of air supply and, while still undergoing peristaltic action, does not
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effectively pump any air to port 283.

The valve regulator housing section 218, port adapter plate 224 and check valve
housing member 226 are assembled together by a snap fit, ultrasonic weld, or press fit
connection. A plurality of tabs 330 downwardly extends from the housing sections 230
and 232. The tabs have an inwardly extending protrusion 332. The port adapter plate 224
has three peripheral notches 334 and the check valve housing member 226 has peripheral
notch sections 336 to receive the tabs 330. Furthermore each notch section 336 has an
undercut end 338 to receive the protrusion 332. In this fashion the housing is easily
assembled and secured.

In certain applications, the cap member 246 may be adjustably mounted on
threads. The aperture 248 may be shaped to receive an Allen wrench or other driving
tool to rotate the cap member 246 on the threads to rotate it and axially move it along
bore 238. The second helical spring 244 has its pre-compression adjusted as the cap
member 248 threadably advances or retreats. In this manner, the valve assembly 210
may have its actuation pressure and regulation pressure adjusted a desired amount for
different applications.

Other variations and modifications are possible without departing from the scope

and spirit of the present invention as defined by the appended claims.
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CLAIMS

The embodiments in which an exclusive property or privilege is claimed are
defined as follows:

1. A pressure controlled valve assembly comprising:

a housing having a pressure controlled valve housed therein that is controlled
between an open position and closed position by a pressure control chamber in said
housing for controlling communication of a pneumatic supply source through an inlet
and a pneumatic pressure control source through an outlet;

said pneumatic pressure control source being in communication with a
pressurizable device to provide feedback through the pressure control chamber to
control pressure in said pressurizable device;

said housing having a first passageway and a second passageway interposed
between said pressure controlled valve and said outlet;

said first passageway and said second passageway having a respective first
and second port in said housing connectable to a respective first end and second end
of a reversible pump; and

a first pair of check valves in said first passageway of said housing and a
second pair of check valves in said second passageway of said housing;

one check valve that is downstream of each first and second pair enables high
pressure from said reversible pump to flow through a respective port to said outlet and
the other check valve that is upstream of each first and second pair enables low
pressure flow from said pressure controlled valve to said reversible pump when said
reversible pump operates in either respective direction and said pressure controlled

valve is in the open position.
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2. A pressure controlled valve assembly as defined in claim 1 further
comprising:

said housing having a pressure controlled valve mounting section and a
second housing section;

said second housing section having first and second ends with two path legs of
said first and second passageways passing through said second housing section from
said first end to said second end;

said first end being mounted to said pressure controlled valve housing section;
and

said first pair and second pair of check valves being positioned at respective

first ends of said two path legs of the first and second passages.

3. A pressure controlled valve assembly as defined in claim 2 further
comprising:

said check valves cach having a mounting rim scated in a respective
counterbore at respective first ends of said two path legs of each first and second

passages.

4. A pressure controlled valve assembly as defined in claim 3 further

comprising:

said first and second pair of check valves being duck bill type check valves.

5. A pressure controlled valve assembly as defined in claim 2 further
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comprising:

said second housing section having a third leg in each passageway for
providing return flow from said reversible pump to the first end of said second
housing section and selectively providing high pressure flow through one of said

downstream check valves.

6. A pressure controlled valve assembly as defined in claim 4 further
comprising:

a port adapter plate interposed between said pressure controlled valve
mounting section and said second housing section; and

said mounting rims of said check valve having ends sealingly abutting said
port adapter plate for directing flow from said port adapter plate and through said

second housing section.

7. A pressure controlled valve assembly as defined in claim 2 further
comprising:
said second housing section having said inlet passing therethough to said

pressure controlled valve mounting section.

8. A pressure controlled valve assembly as defined in claim 2 further
comprising:

a port adapter plate interposed between said pressure controlled valve
mounting section and said second housing section; and

said mounting rims of said check valve having ends sealingly abutting said
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port adapter plate for directing flow from said port adapter plate and through said

second housing section.

0. An adjustable pressure controlled valve comprising:

a housing with a cavity therein;

an inlet passage leading to said cavity and an outlet passage leading from said
cavity in said housing;

said housing having a valve seat interposed between said inlet passage and
outlet passage;

a valve member mounted in said cavity and operably interposed between said
inlet passage and said outlet passage of said housing, said valve member having a
valve surface for seating on said valve seat when in a closed position and movable
from said valve seat to an open position;

a first resilient biasing member mounted in said housing for exerting an
opening bias force on said valve member to move said valve member to said open
position;

a second resilient biasing member mounted on an opposite side of said valve
member for exerting a closing bias force on said valve member to move said valve
member to said closed position;

said closing biasing force of said second resilient biasing member being less
than said opening biasing force of said first resilient biasing member;

a cap member being inserted in said bore a pre-set axial amount to scat and
pre-compress said second resilient biasing member a pre-set amount between said cap

member and said valve member and affixing said cap member in place such that said
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closing bias force of said second resilient biasing member is adjustably pre-set by said
cap member; and

said valve member being biased to the closed position by a pneumatic pressure
control source and when pneumatic pressure in said pneumatic pressure control
source is over a pre-determined amount, its closing bias force in addition to the
closing bias force of the second resilient biasing member overcomes the opening bias

force of said first resilient biasing member to close said valve member.

10.  An adjustable pressure controlled valve as defined in claim 9 further
comprising:

said housing having a first passageway and a second passageway interposed
between said valve seat and said outlet;

said first passageway and said second passageway having a respective first
and second port in said housing connectable to a respective first end and second end
of a reversible pump; and

a first and second pair of check valves in said first passage and a second pair
of check valves in said second passage of said housing, one check valve that is
downstream of each first and second pair enables high pressure flow from said
reversible pump to and through a respective port to said outlet and the other check
valve that is upstream of each first and second pair enables lower pressure flow from
said valve member to said reversible pump when said reversible pump operates in

either respective direction and said valve member is in the open position.

11. A pressure controlled valve assembly as defined in claim 10 further
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comprising:

said housing having a pressure controlled valve mounting section and a
second housing section;

said second housing section having first and second ends with two path legs of
each of said first and second passageways passing through said second housing
section from said first end to said second end;

said first end being mounted to said pressure controlled valve housing section;
and

said first pair and second pair of check valves being positioned at said

respective first ends of said two path legs of cach first and second passageway.

12. A pressure controlled valve assembly as defined in claim 11 further
comprising:
said check valves each having a mounting rim seated in a respective

counterbore at respective first ends of said first and second path legs of each first and

second passageway.
13. A pressure controlled valve assembly as defined in claim 12 further
comprising:

said first and second pair of check valves being duck bill type check valves.

14. A pressure controlled valve assembly as defined in claim 11 further
comprising;:

said second housing section having a third leg and in each passageway for
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providing return flow from said reversible pump to the first end of said second
housing section and selectively providing high pressure flow through one of said

downstream check valves.

15. A pressure controlled valve assembly as defined in claim 11 further
comprising:
said second housing section having said inlet passing therethough to said

pressure controlled valve mounting section.

16. A pressure controlled valve assembly as defined in claim 15 further
comprising;:

a port adapter plate interposed between said pressure controlled valve
mounting section and said second housing section; and

said mounting rims of said check valve having ends sealingly abutting said
port adapter plate for directing flow from said port adapter plate and through said

second housing section.

17. A pressure controlled valve assembly as defined in claim 10 further
comprising:

a port adapter plate interposed between said pressure controlled valve
mounting section and said second housing section; and

said mounting rims of said check valve having ends scalingly abutting said
port adapter plate for directing flow from said port adapter plate and through said

second housing section.
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