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PRESSURE REGULATOR INCORPORATING
A PRESSURE BALANCED MOVING SEAT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/973,772, filed on Oct. 26, 2004, which
claims the benefit of U.S. Provisional Application No.
60/515,930, filed on Oct. 30, 2003, the specifications of
which are hereby expressly incorporated by reference.

BACKGROUND

[0002] Most pressure regulator designs are based on the
concept of an adjustable orifice that is controlled by using an
adjustable spring bias to provide a pressure set-point. The
principle difference in previous designs of these devices is
centered on the method by which the spring bias is applied.
[0003] The most common technique for biasing a spring is
to apply force directly to the spring by means of an adjusting
screw. This technique requires that the device must overcome
the force of the spring, as well as the system pressure, and it
is the least efficient. A typical control device consists of a pin
and seat which, working with a bias spring, provides a con-
trolled orifice.

[0004] For low pressure, the down side of using this tech-
nique is relatively small, and the complexity of the valve is
minimal. For high pressure, the force of adjustment becomes
more problematical and thus, other techniques to artificially
bias the spring are used. In some cases, the seat is adjusted
independently relative to the control pin, which artificially
biases the springs. In other cases, the pin is biased relative to
the spring by changing its relationship to the seat.

[0005] There are a number of pressure regulators that
employ a moving seat conceived to overcome some of the
shortcomings of the previous technology. The major
improvement introduced here is to change, the method of
biasing the piston spring set. In previous patented technolo-
gies, either the springs were adjusted from an external source,
or a moving seat was employed to achieve the same result. In
both cases, it was necessary to overcome the system pressure
in order to make an adjustment, which resulted in high torque
loads needing to be applied for any adjusting screws

[0006] The previous technology which most closely
resembles this PBMS design employs a moving seat to
change the bias of the springs, thus changing the pressure
control set-point. This technology relies on minimizing the
area ofthe moving seat that is exposed to the system pressure.
There is, however, still an imbalance between the atmo-
spheric pressure and the system pressure, which changes the
volume of the valve during adjustment. The force necessary
to displace the fluid at high pressure can still be very signifi-
cant.

[0007] The potentially patentable aspect of the PBMS tech-
nology is that the moving seat does not change the internal
volume of the device. Thus, in adjusting the device, no static
pressure imbalance has to be overcome, as is the case in
previous technology. This concept provides a means to adjust
the pressure regulation set-point with minimal force. For high
pressures, this is very significant, especially if remote-control
actuation is desired.

[0008] The present invention provides adjustable pressure
control valves for controlling pressure of a fluid from a fluid
supply. The valves of the present invention can accurately
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regulate a wide range of pressures and require a relatively
small amount of torque to adjust the pressure of the valve
during operation. The valves of the present invention include
a unique pressure balance moving seat which sets it apart
from previous technology. The unique design of the adjust-
able pressure control valves of the present invention make it
possible to accurately regulate a wide range of fluid pressures
without changing the configuration of the valves.

[0009] The unique patentable aspect of the PBMS technol-
ogy is that the moving seat does not change the internal fluid
volume of the device. Thus, in adjusting the device, no static
pressure imbalance has to be overcome, as is the case in
previous technology. This concept provides a means to adjust
the pressure regulation set-point with minimal force. For high
pressures, this is very significant, especially if remote-control
actuation is desired.

[0010] The valve consists of five major components.
[0011] First, the body which houses all of the functioning
components.

[0012] Second, the adjustment handle assembly which

passes through the body. It has a thread engagement on one
end and an adjustment knob on the other. This assembly can
rotate within the housing, but does not translate.

[0013] Third, the seat assembly which consists of a valve
seat on one end of the housing and a thread engagement on the
opposite end of the housing. The thread engages the threaded
end of the handle assembly. The seat assembly also includes
seals which isolate the outlet port from any flow path other
than through the seat. Additionally, there is a flow path
through the seat housing which allows fluid to pass through
the housing in either direction when the housing is translated
via the thread engagement with the handle assembly.

[0014] Fourth, the pin assembly which consists of a pin that
is designed to engage the seat at varying distances, depending
upon the pressure and volume being regulated through the
valve. The pin assembly consists of a pin and a housing that
permits the pin to translate within the housing. The pin is
biased via a spring. The purpose of this translation is to
prevent the pin and seat from being damaged when fluid
pressure is not present in the valve.

[0015] Fifth, the valve spring assembly which consists of
the main spring stack and housing. This spring stack provides
the necessary force to provide the required regulation.

[0016] The functionality of the valve is as follows: When
fluid is introduced into the inlet port, it passes through the seat
contained within the seat housing and exits through the outlet
port. A restriction can be induced at the seat by translating the
seat in the direction of the pin assembly. As the pin moves into
the seat, the volume of fluid that can pass through the seat is
decreased.

[0017] It should be noted that the pin contained within the
pin assembly is biased, as noted above, by a spring. It also is
biased by the pressure of the fluid that is introduced into the
valve. Therefore, the force on the pin is equal to the fluid valve
pressure force plus the spring pressure force. This prevents
the pin from translating within its housing. This combined
force prevents the pin from translating within its housing
during operation.

[0018] The pressure ofthe fluid being restricted then causes
the pin assembly to translate against the bias of the main
spring. The combination of the force of the main spring, the
restriction, and the fluid pressure results in a pressure balance
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which is maintained by the proximity of the seat and the pin
to each other. The pin translates relative to the seat to maintain
a set pressure.

[0019] The control valve of the present invention is capable
of accurately regulating fluid pressures at any set pressure.
This particular embodiment is especially useful for regulating
very high pressures, because there is no change in volume of
fluid within the valve when an adjustment is made. This
adjustment feature is unique to this present invention.
[0020] The torque requirement needed to operate the valve
is largely a function of a change in seal pressure as the pres-
sure is increased. Therefore, the torque required to turn the
adjustment handle is fairly insignificant throughout the whole
pressure range. This attribute of the present invention makes
the valve easily adaptable to automation using low energy
actuators. The valve size can be scaled up or down with no
limit outside of the practical applications.

[0021] While this design is primarily for liquids, the same
technology could be applied to a gas regulator, as the prin-
ciples hold for either type of fluid.

SUMMARY

[0022] An adjustable pressure control valve includes a
body having an inlet port and an outlet port and a handle
assembly having a threaded portion and an adjustment knob.
A seat assembly disposed within the body includes a seat
holder in communication with the outlet port that is received
on the threaded portion of the handle assembly, wherein the
seat holder is translatable in first and second directions when
the handle assembly is rotated in first and second directions.
The seat assembly also includes a valve seat fluidly affixed to
the seat holder, wherein fluid can pass through the valve seat
and the seat holder. The valve includes a pin biased by a pin
spring that is engageable with the valve seat, and a main
spring engageable with the pin to urge the pin against the
valve seat to accommodate the pressure and volume of the
fluid in the valve.

[0023] This summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This summary is not intended to
identify key features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the
claimed subject matter.

DESCRIPTION OF THE DRAWINGS

[0024] The foregoing aspects and many of the attendant
advantages of the present disclosure will become more
readily appreciated by reference to the following detailed
description, when taken in conjunction with the accompany-
ing drawings, wherein:

[0025] FIG. 1 is a cross-sectional schematic side view of a
pressure regulator constructed in accordance with one
embodiment of the present disclosure;

[0026] FIG.2 is a cross-sectional side view of the pressure
regulator of FIG. 1, showing a fluid flow path of fluid through
the pressure regulator of FIG. 1;

[0027] FIG. 3 is a cross-sectional view of a prior art pres-
sure regulator;
[0028] FIG. 4 is a cross-sectional side view of the pressure

regulator of FIG. 1;

[0029] FIG. 5A is a cross-sectional side view of the pres-
sure regulator of FIG. 4, showing the flow path of fluid
through the pressure regulator;
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[0030] FIG. 5B is a cross-sectional side view of the pres-
sure regulator of FIG. 4 rotated 90 degrees from the position
illustrated in FIG. 4;

[0031] FIG. 6 is an isometric exploded view of a pin sub-
assembly of the pressure regulator of FIG. 4; and

[0032] FIG. 7 is an isometric exploded view of a seat sub-
assembly of the pressure regulator of FIG. 4.

DETAILED DESCRIPTION

[0033] The embodiment of the PBMS for a pressure regu-
lator application is as follows:

[0034] Referring to FIG. 1, the valve constructed in accor-
dance with one embodiment of the present disclosure
includes of a body (1) that houses all of the functioning
components, and an adjustment handle (2) that rotates within
the body, but does not translate. This adjustment handle has a
threaded portion (3) that connects it to the moving seat assem-
bly (4). The seat assembly (4) includes a seat (11) contained
within the seat assembly (4) and is sealed on both ends by
seals (5) and (6). This seat assembly (4) can translate via the
threaded portion (3) to adjust the relative position of the seat
(11) to a piston/pin (7). Between the seals (5) and (6) that are
embodied in the moving seat is the outlet port (12) of the
device. The piston/pin (7) is sealed from the atmosphere by a
seal (9). The piston/pin (7) is biased by a spring (8).

[0035] When pressure is introduced via the inlet port (10),
the piston/pin (7) is displaced against the bias of the spring
(8). The position of the seat assembly (4) and seat (11) can be
adjusted via the adjustment handle (2). This adjustment con-
trols the size of the fluid passageway. Referring to FIG. 2,
there is a passage (X) through the moving seat assembly (4)
which allows fluid to be equally pressurized on either side of
the moving seat assembly (4). Also note that the areas (A) and
(B) are equivalent; thus, the seat is in balance in terms of static
pressure.

[0036] Referringto FIG. 3, previous technology shows how
the moving seat is not in balance, as one end is at atmospheric
pressure (P), while the other is at system pressure (S). When
the seat is moved forward, as is the case in previous technol-
ogy, it must displace the volume at system pressure. This
requires a much higher input force.

[0037] Referring to FIGS. 4-7, the body (1) is a pressure
vessel which includes an inlet port (10) and an outlet port (12)
and has a bore in which the moving parts can translate. FIG.
5A shows the flow path of fluid through the pressure regula-
tor.

[0038] Referring to FIGS. 6 and 7, there are two sub assem-
blies within the body (1): A pin sub assembly (35) (FIG. 6)
and a seat sub assembly (4) (FIG. 7). These two sub assem-
blies are made up of components which form an adjustable
passageway. This passageway is of a pin (7) and seat (11)
design in which the seat (11) has a fixed orifice, and the pin (7)
is positioned at varying distances within that orifice to change
the area of the passageway.

[0039] Referring to FIG. 4, the two sub assemblies can both
translate relative to each other. The pin sub assembly (35)
passes through a device called a cartridge (13) and is posi-
tioned by a spring (8). The pin sub assembly (35) is free to
translate through the cartridge (13). The cartridge (13) posi-
tions the pin sub assembly (35) within the body (1) in con-
junction with a variety of seals (2), (9), (34), and (14). This
forms a closure element to the atmosphere for the body (1).
[0040] At the point where the pin sub assembly (35) exits
the cartridge (13), it is trapped by a receiver (18). This
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receiver (18) is biased against a spring stack (8) which is
contained within the spring housing (16). The receiver (18) is
free to translate within the spring housing (16). In turn, the
spring housing (16) is threaded to the body (1) and captures
the cartridge (13), locking it into place.

[0041] The pin sub assembly (35) is comprised of a slider
(19), a spring (20), aslider cap (23), a pin housing (24), the pin
(7) and a pin retainer (21).

[0042] The slider (19) and slider cap (23) are threaded
together. The slider cap (23) holds the pin (7) and the pin
housing (24) in position. The pin (7) and pin housing (24) are
biased against the spring (20).

[0043] Thepin (7) and pin housing (24) are free to translate
within the space formed by the slider (19) and the slider cap
(23).

[0044] The volume formed by the slider (19) and the slider
cap (23) is not sealed from the internal pressure of the valve.

[0045] The purpose of this spring-biased sliding mecha-
nism is to allow the spring stack (8) to fully extend when
pressure is absent from the valve to prevent the pin (7) from
being damaged.

[0046] Referring to FIG. 7, the seat sub assembly (4) con-
sists of a seat holder (27), the seat (7) which embodies an
orifice, a seat retainer (8), and a set of seals (5) and (25) that
prevent fluid from flowing to the outlet port (12), thus ensur-
ing that all the fluid passes through the orifice in the seat (7).

[0047] Referring to FIG. 4, the seat sub assembly (4) is
engaged by a threaded stem (3), which is captured by the body
(1) and is free to rotate within the body (1). This rotational
motion allows the seat sub assembly (4) (FIG. 7) to translate
within the body (1), thus changing the position relative to the
pin (7) and thereby changing the size of the passageway. This
allows a pressure set-point to be achieved.

[0048] Referring to FIG. 5B, the threaded stem (3) is mani-
folded through a series of drilled passages 40, 42, and 43 to
allow pressure equalization. This minimizes the torque
requirement needed to move the seat sub assembly (4). The
seat sub assembly (4) also is manifolded through a series of
drillings 44 and 46. This allow fluid pressure to be equalized
around the seat sub assembly (4). The drillings 40, 42, 43, 44
and 46 allow the seat sub assembly (4) to translate within the
valve freely, as there is no change in volume when the seat sub
assembly (4) (FIG. 7) is translated.

[0049] The internal pressure of the valve is maintained
through a variety of seals (2), (9), (34), and (14).
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[0050] Additionally, there is an adjustment handle (2) fixed
to the threaded stem (3). The threaded stem (3) is pressure
biased against a bearing (31) which allows the threaded stem
(3) to rotate freely.

[0051] There is also a panel nut (29) which provides a
means of mounting the valve to a control panel, an air vent
(17) and a dust seal (22).

[0052] While illustrative embodiments have been illus-
trated and described, it will be appreciated that various
changes can be made therein without departing from the spirit
and scope of the present disclosure.

[0053] The embodiments of the present disclosure in which
an exclusive property or privilege is claimed are defined as
follows:

1. An adjustable pressure control valve for controlling fluid

from a fluid supply, comprising:

(a) a body having an inlet port and an outlet port, the inlet
port adapted to be placed into communication with a
fluid supply;

(b) a handle having a threaded portion disposed within the
body and an adjustment knob positioned outside the
body;

(c) a seat assembly disposed within the body, the seat
assembly comprising:

(1) a seat holder in fluid communication with the outlet
port, the seat holder having first and second ends, the
first end of the seat holder threadably received on the
threaded portion of the handle, wherein the seat
holder is moveable in a first direction when the handle
is rotated in a first rotation direction and moveable in
a second direction when the handle is rotated in a
second rotation direction, wherein the seat holder
allows a predetermined amount of fluid to pass there-
through when the seat holder is translated in the first
and second directions; and

(i1) a valve seat affixed to the second end of the seat
holder;

(d) a pin assembly at least partially disposed within the
body, the pin assembly having a pin biased by a pin
spring such that the pin is engageable with an opening in
the valve seat; and

(e) a valve spring assembly having a spring housing
coupled to the body and a main spring disposed within
the spring housing, the main spring engageable with the
pin assembly to urge the pin against the valve seat to
accommodate the pressure and volume of fluid in the
valve.



