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FIG. 1

(57) Abstract: A pressure regulator (100) is provided. The pressure regulator (100) includes various features that reduce the risk
of internal leaking. The pressure regulator (100) includes a regulator body (101) including a fluid inlet (107) with a valve seat
(106) and a fluid outlet (108) and a cap (102) coupled to the regulator body (101). The pressure regulator (100) also includes a di

o aphragm (103) with a first side (103a) exposed to the fluid inlet (107) and the fluid outlet (108) and a second side (103b) exposed
to the cap (102). The diaphragm (103) can frictionally engage the regulator body (101) to form a fluid tight seal. Additionally, the

o diaphragm (103) may include a socket ( 118) formed in the diaphragm (103) and a valve member (105) including a valve stem
( 110) with a ball ( 118) that is adapted to engage the socket ( 118) formed in the diaphragm (103) in order to couple the valve mem
ber (105) to the diaphragm (103).



PRESSURE REGULATOR

TECHNICAL FIELD

The present invention relates to, pressure regulators, and more particularly, to a

pressure regulator with increased sealing capabilities.

BACKGROUND OF THE INVENTION

Pressure regulators are generally known in the art for reducing a high input

pressure to a lower (regulated) output operating pressure. Many pressure regulators

operate by limiting the size of the fluid flow path through which the input pressure is

allowed to flow in order to decrease the pressure to a suitable output pressure.

Generally, the pressure regulator is provided with a flexible diaphragm that is biased

using a spring to press a valve member against a valve seat. The force of the spring is

often adjusted so the valve opens at a predetermined pressure, resulting in a set outlet

pressure. However, if there are large fluctuations in the inlet pressure, the spring must

be continuously adjusted to maintain the desired outlet pressure.

One problem generally encountered in pressure regulators is internal leakage of

the valve also known as "regulator creep." Regulator creep often occurs due to a faulty

valve to valve-seat seal resulting in a small, undesired amount of fluid leaking through

the valve. While this small leakage may not cause concern in certain applications, some

situations have a limited amount of fluid that can be supplied to the inlet and thus even

small losses can have serious consequences. Such an example is in a portable infusion

device that has a pressurized bladder. If the pressure in the bladder leaks over time, the

infusion device may need to be replaced prematurely. Internal leakage can also occur if

the connection between the valve stem and the diaphragm loosens. Typically, the valve

stem is held relatively loosely to the diaphragm, if at all. Generally, this is not seen as a

problem because the valve stem is typically compressed against the diaphragm by the

fluid rather than pulled away from it. However, in some situations, this may not be the

case and the pressurized fluid acting on the diaphragm may attempt to pull the valve

stem away from the diaphragm. Currently there is no acceptable system for efficiently

retaining the valve stem to the diaphragm.

Another problem with many pressure regulators that utilize a diaphragm is the

excessive number of parts. Typically, the diaphragm is clamped into position in the



regulator body using some sort of a retaining ring or an additional seal. The majority of

diaphragms are produced as a sub-assembly consisting of up to three components, the

diaphragm being sandwiched between a diaphragm rivet and spring rest. This itself can

also be a potential leak path. Alternatively, the diaphragm may be held in place by

clamping the diaphragm between the regulator body and a cap. One problem with this

design is that if the cap becomes loosened due to vibrations, for example, the diaphragm

could become unsealed resulting in a leaking regulator. Another problem with this

design is that it requires an additional component to adjust the compression of the

spring. Neither situation is ideal.

One particular application that has recently started to implement pressure

regulators is in portable infusion devices. The infusion device includes a pressure

source, typically around 2.5 bar (36.3 psi); however, the pressure may vary from one

application to another. The pressure regulator is used to decrease the pressure to around

0.5 bar (7.3 psi), which is then delivered to a bladder at a constant pressure. The

constant pressure delivered by the pressure regulator acts via the bladder to compress

the infusion bag to deliver a constant flow of fluid to a patient. As can be appreciated,

any variation in the pressure delivered from the pressure regulator could have serious

consequences. Therefore, even small leaks in the system can be disastrous. In addition,

because the infusion devices are typically designed to be disposable, the pressure

regulator used with the system should be relatively inexpensive to manufacture.

The present invention provides a pressure regulator with an increased sealing

potential, which reduces the risk of the regulator leaking. Furthermore, the pressure

regulator of the present invention has reduced the number of necessary parts, thereby

decreasing the cost of manufacturing. Therefore, the pressure regulator of the present

invention may comprise a disposable unit.

SUMMARY OF THE INVENTION

A pressure regulator is provided according to an embodiment of the invention.

The pressure regulator comprises a regulator body including a fluid inlet and a fluid

outlet. The pressure regulator also includes a cap coupled to the regulator body.

According to an embodiment of the invention, the pressure regulator includes a

diaphragm positioned within the regulator body. The diaphragm can include a first side



exposed to the fluid inlet and the fluid outlet and a second side exposed to the cap.

According to an embodiment of the invention, the diaphragm also includes a retaining

rim configured to frictionally engage the regulator body to form a substantially fluid

tight seal between the diaphragm and the regulator body. According to an embodiment

of the invention, the pressure regulator includes a valve member including a valve stem

extending through the fluid inlet and coupled to the diaphragm.

A pressure regulator is provided according to another embodiment of the

invention. The pressure regulator can include a regulator body including a fluid inlet

with a valve seat and a fluid outlet. The pressure regulator can also include a cap

coupled to the regulator body and a diaphragm coupled to the regulator body and

comprising a first side exposed to the fluid inlet and the fluid outlet and a second side

exposed to the cap. According to an embodiment of the invention, a socket is formed in

the diaphragm. A valve member including a valve stem with a ball can be provided that

is adapted to engage the socket formed in the diaphragm in order to couple the valve

member to the diaphragm.

ASPECTS

According to an aspect of the invention, a pressure regulator comprises:

a regulator body including a fluid inlet and a fluid outlet;

a cap coupled to the regulator body;

a diaphragm positioned within the regulator body and including:

a first side exposed to the fluid inlet and the fluid outlet;

a second side exposed to the cap; and

a retaining rim configured to frictionally engage the regulator body to

form a substantially fluid tight seal between the diaphragm and the

regulator body; and

a valve member including a valve stem extending through the fluid inlet

and coupled to the diaphragm.

Preferably, the pressure regulator further comprises a receiving groove formed in

the regulator body and a retaining protrusion extending from the regulator body,

wherein the retaining rim frictionally engages the receiving groove and the retaining

protrusion in a snap-fit arrangement.



Preferably, the cap includes a tab adapted to retain the retaining rim frictionally

engaged with the receiving groove and the retaining protrusion.

Preferably, the pressure regulator further comprises a movable arm extending

from the regulator body, wherein the retaining rim frictionally engages the movable

arm.

Preferably, the pressure regulator further comprises a ball formed at the second

end of the valve member and a socket formed in the diaphragm, wherein the ball is

configured to engage the socket to couple the valve member to the diaphragm.

Preferably, the valve member comprises an integral component of the diaphragm.

Preferably, the pressure regulator further comprises a biasing member coupled to

the second side of the diaphragm and the cap.

Preferably, the pressure regulator further comprises a pressure relief valve

located in a bleed port formed in the regulator body.

Preferably, the pressure relief valve is in fluid communication with first side of

the diaphragm.

According to another aspect of the invention, a pressure regulator comprises:

a regulator body including a fluid inlet with a valve seat and a fluid outlet;

a cap coupled to the regulator body;

a diaphragm coupled to the regulator body and comprising a first side exposed to

the fluid inlet and the fluid outlet and a second side exposed to the cap;

a socket formed in the diaphragm; and

a valve member including a valve stem with a ball that is adapted to engage the

socket formed in the diaphragm in order to couple the valve member to

the diaphragm.

Preferably, the pressure regulator further comprises a receiving groove formed in

the regulator body and a retaining protrusion extending from the regulator body,

wherein the retaining rim frictionally engages the receiving groove and the retaining

protrusion in a snap-fit arrangement.

Preferably, the cap includes a tab adapted to retain the retaining rim frictionally

engaged with the receiving groove and the retaining protrusion.



Preferably, the pressure regulator further comprises a movable arm extending

from the regulator body, wherein the retaining rim frictionally engages the movable

arm.

Preferably, the diaphragm includes a retaining rim adapted to frictionally engage

a portion of the regulator body and a tortuous portion configured to bias the retaining

rim against the regulator body.

Preferably, the valve member extends from the diaphragm through the fluid inlet

and includes a valve seal configured to engage the valve seat.

Preferably, the pressure regulator further comprises a biasing member coupled to

the second side of the diaphragm.

Preferably, the pressure regulator further comprises a pressure relief valve

located in a bleed port formed in the regulator body.

Preferably, the pressure relief valve is in fluid communication with the first fluid

chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a pressure regulator according to an

embodiment of the invention.

FIG. 2 shows a cross-sectional view of the pressure regulator according to

another embodiment of the invention.

FIG. 3 shows a cross-sectional view of the pressure regulator according to

another embodiment of the invention.

FIG. 4 shows a cross-sectional view of the pressure regulator according to

another embodiment of the invention.

FIG. 5 shows a cross-sectional view of the pressure regulator according to

another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 - 5 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose

of teaching inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall



within the scope of the invention. Those skilled in the art will appreciate that the

features described below can be combined in various ways to form multiple variations

of the invention. As a result, the invention is not limited to the specific examples

described below, but only by the claims and their equivalents.

FIG. 1 shows a cross-sectional view of a pressure regulator 100 according to an

embodiment of the invention. The pressure regulator 100 in the embodiment shown in

FIG. 1 includes a regulator body 101, a cap 102 coupled to the regulator body 101, a

diaphragm 103, a biasing member 104, a valve member 105, a valve seat 106, a fluid

inlet 107, and a fluid outlet 108. As shown, the pressure regulator 100 can also include

a plurality of sealing members 109. The sealing members 109 may be provided to form

a fluid tight seal between the regulator body 101 and an external regulator receiver (not

shown) that provides fluid to the pressure regulator 100.

According to an embodiment of the invention, the diaphragm 103 comprises a

first side 103a and a second side 103b. According to an embodiment of the invention,

the first side 103a is exposed to a first fluid chamber 113a formed in the pressure

regulator 100. The first fluid chamber 113a is defined in part by the regulator body 101

and the diaphragm 103. According to an embodiment of the invention, the fluid inlet

107 and the fluid outlet 108 can communicate with the first fluid chamber 113a.

According to an embodiment of the invention, the second side 103b of the diaphragm

103 is exposed to a second fluid chamber 113b. According to an embodiment of the

invention, the second fluid chamber 113b is defined in part by the cap 102 and the

diaphragm 103.

According to an embodiment of the invention, the diaphragm 103, the biasing

member 104, and the valve member 105 are configured to selectively open a fluid flow

path between the fluid inlet 107 and the fluid outlet 108. While the valve member 105

is shown as comprising a poppet member, it should be appreciated that other types of

valves may be used and therefore, the particular valve illustrated should in no way limit

the scope of the present invention. Likewise, while the biasing member 104 is shown as

comprising a spring, it should be understood that the biasing member 104 may take

other forms as those skilled in the art will readily recognize. In addition, while the

biasing member 104 is shown as comprising a separate component, according to some

embodiments, the biasing member 104 may comprise an integral component to either



the diaphragm 103 or the cap 102, for example. This may be possible by molding the

two components from the same material or using a twin shot molding system, for

example. In other embodiments, the biasing member 104 may contact the cap 102 and

the diaphragm 103, but may not be coupled, but rather free to move independent of the

two components. In yet another embodiment, the biasing member 104 may comprise a

separate component and coupled to the diaphragm 103 and the cap 102.

According to an embodiment of the invention, the biasing member 104 can be

adapted to provide a biasing force on the diaphragm 103. According to an embodiment

of the invention, the biasing member 104 engages the diaphragm 103 on the second side

103b of the diaphragm 103. Therefore, the biasing member 104 can be positioned in the

second fluid chamber 113b of the pressure regulator 100. According to an embodiment

of the invention, the biasing force provided by the biasing member 104 is in a first

direction, which is down as shown in the figure. As a result, the biasing member 104

can at least partially deform the diaphragm 103 by pushing it down towards the inlet

107.

According to an embodiment of the invention, the valve member 105 includes a

valve stem 110. The valve member 105, and more specifically, the valve stem 110 of

the valve member 105 can be received within a valve stem receiver 111 formed in the

diaphragm 103. As can be seen, the valve stem 110 extends through the fluid inlet 107

with a valve seal 112 provided on the valve member 105 positioned proximate the valve

seat 106 outside of the first fluid chamber 113a. Therefore, as the diaphragm 103

deforms towards the inlet 107, the valve member 105 is biased down and away from the

valve seat 106. As a result, the seal between the valve seal 112 and the valve seat 106

breaks, thereby opening a fluid flow path between the inlet 107 and the outlet 108.

As fluid passes between the valve seal 112 provided on the valve member 105

and the valve seat 106, the fluid enters the first fluid chamber 113a. According to an

embodiment of the invention, when a fluid flow path opens between the valve seal 112

and the valve seat 106, fluid can communicate between the fluid inlet 107, the fluid

outlet 108, and the first fluid chamber 113a. If fluid flows into the first fluid chamber

13a from the fluid inlet 107 faster than the fluid exits through the fluid outlet 108, the

pressure within the first fluid chamber 113a will increase. Once the pressure in the first

fluid chamber 113a reaches a predetermined pressure, which is determined in part by the



biasing force provided by the biasing member 104 and the relative flexibility of the

diaphragm 103, the diaphragm 103 will be biased in a second direction, which is

substantially opposite the first direction. In other words, once the force provided by the

pressure in the first fluid chamber 113a acting on the diaphragm 103 exceeds the force

of the biasing member 104, the diaphragm 103 will be biased upwards. As the

diaphragm 103 moves upwards away from the fluid inlet 107, the valve member 105

and the valve seal 112 move upwards as well and are brought back towards the valve

seat 106. As the opening between the valve seat 106 and the valve seal 112 decreases,

the fluid flowing into the first fluid chamber 113a also decreases. If fluid is flowing out

of the fluid outlet 108 faster than it is flowing into the first fluid chamber 113a through

the fluid inlet 107, the pressure in the first fluid chamber 113a will decrease. As can be

appreciated, the position of the diaphragm 103 is determined based on a force balance

between the force provided by pressure in the first fluid chamber 113a and the force

provided by the biasing member 104. Therefore, the pressure in the first fluid chamber

113a and thus, the pressure delivered to the fluid outlet 108 can be adjusted by adjusting

the force of the biasing member 104. One method of adjusting the force of the biasing

member 104 is to adjust the compression of the biasing member 104. While prior art

pressure regulators require an additional component to adjust the compression of the

biasing member, the present invention uses the cap to adjust the compression of the

biasing member 104.

According to an embodiment of the invention, the force of the biasing member

104 can be adjusted by adjusting the position of the cap 102 relative to the regulator

body 101. Therefore, in some embodiments, the cap 102 may comprise an adjustable

cap. While the cap 102 is shown as threadedly engaging the regulator body 101, the

present invention should not be limited to requiring threads. As those skilled in the art

will readily appreciate, the cap 102 may engage the regulator body 101 in a variety of

alternative ways and the particular engagement chosen should in no way limit the scope

of the present invention. However, the discussion below is limited to a cap 102 that

threadedly couples to the regulator body 101 for the purposes of simplicity and

consistency. As can be appreciated, the further down the cap 102 is positioned relative

to the regulator body 101, the more the biasing member 104 is compressed. As the



compression of the biasing member 104 increases, the pressure in the first fluid chamber

113a required to counter the force of the biasing member 104 increases.

According to an embodiment of the invention, the valve member 105 is coupled

to the diaphragm 103 such that internal leakage is substantially reduced. One problem

typically encountered in pressure regulators is internal leakage, also known as regulator

creep, as discussed above. This occurs when the sealing member 112 of the valve

member 105 does not completely seal against the valve seat 106. The incomplete seal

may be due to contaminates or due to movement of the regulator components. Another

source of regulator creep is due to inadequate sealing or the failure of the seal between

the diaphragm and the regulator housing. As discussed above, regulator creep can cause

serious problems, especially when the regulator 100 is implemented in infusion devices

because the patient may receive an increased dosage. In some embodiments, regulator

creep can cause the outlet pressure to increase beyond the desired outlet pressure.

Regulator creep is reduced in a number of ways by the present invention.

According to an embodiment of the invention, the pressure regulator 100

includes a filter 130 positioned in the fluid inlet 107. According to an embodiment of

the invention, the filter 130 can be positioned upstream from the valve member 105.

The filter 130 can reduce the presence of contaminates that affect the sealing

characteristics of the pressure regulator 100. The filter 130 may be held within the fluid

inlet 107 in a number of ways including adhesives, friction fit, bonding, etc. Therefore,

the particular method used for holding the filter 130 in place should not limit the scope

of the present invention. Furthermore, the particular type of filter implemented may

depend upon a variety of factors including the expected fluid pressure, the particular

fluid flowing through the pressure regulator, the amount of time the filter is required to

function, etc.

According to an embodiment of the invention, the valve stem 110 can be coupled

to the stem receiver 111 using a ball and socket arrangement. In other words, a socket

118 can be formed in the stem receiver 11. The socket 118 may comprise an opening

or cavity, for example. According to an embodiment of the invention, a ball 117 can be

formed at the end of the valve stem 110. The ball 117 can be adapted to engage the

socket 118. The ball 117 and socket 118 may engage one another as is generally known

with ball and socket arrangements. For example, as the ball 117 is inserted into the



socket 118, the socket 118 may partially resiliently deform. Once the ball 117 is fully

engaged, the socket 118 may return to its original position. This frictional engagement

may require a predetermined force to engage the two components. Furthermore, a

predetermined force may be required to disengage the two components. The

predetermined force required to disengage the ball 117 and socket 118 may be greater

than the typical forces the pressure regulator 100 will experience.

The ball and socket arrangement provides a number of advantages over prior art

methods of coupling the valve member 105 to the diaphragm 103. One advantage is

that once the ball 117 is received in the socket 118, the ball 117 is free to rotate or

otherwise move within the socket 118. However, movement of the valve stem 110

relative to the diaphragm 103 in a direction parallel to the longitudinal axis 140 is

substantially prevented. As a result, the ball 117 and socket 118 allows the valve seal

112 to self-align relative to the valve seat 106. This self-alignment reduces the chance

of regulator creep due to insufficient manufacturing tolerances or changes in the

position of the valve member 105 due to vibrations, for example.

Another cause of regulator creep is due to changes in the position of the various

components of the pressure regulator 100. This shifting may be due to vibrations, for

example. Prior art methods simply push the valve stem against the diaphragm with a

spring or similar member. While this configuration may provide adequate results during

most operations, the configuration does not allow the diaphragm 103 to positively pull

up on the valve stem 110.

The prior art methods for coupling the valve stem to the diaphragm were

susceptible to shifting, which could potentially result in a change in the sealing

characteristics of the regulator. In many of the prior art regulators, the coupling

between the valve stem and the diaphragm resulted in a constant tension in the coupling

as the pressure against the diaphragm pulled away from the valve member. However,

the present invention couples the valve stem 110 to the diaphragm 103 in such a way

that an increase in the pressure in the first fluid chamber 113a increases the coupling

force between the valve stem 110 and the diaphragm 103 rather than weakening the

coupling force.

As can be seen, the stem receiver 111 comprises an approximately U-shaped

cavity comprising the socket 118 that receives the ball 117 of the valve stem 110.



According to an embodiment of the invention, the biasing member 104 contacts the

diaphragm 103 on the second side 103b of the diaphragm 103. According to another

embodiment of the invention, the biasing member 104 is coupled to the diaphragm 103

on the second side 103b of the diaphragm 103. According to an embodiment of the

invention, the biasing member 104 is coaxially aligned with and located radially outside

of the stem receiver 11. As pressure increases in the first fluid chamber 113a to above

the predetermined pressure, the diaphragm 103 is biased upwards and with the biasing

member 104 positioned radially outside of the stem receiver 111, movement in the

second direction, i.e., upward movement, of the diaphragm 103 results in the stem

receiver 111 compressing around the ball 117 of the valve stem 110. Therefore, as the

force acting on the first side 103a of the diaphragm 103 due to pressure in the first fluid

chamber 113a increases to above the force acting on the second side 103b of the

diaphragm 103 due to the biasing member 104, the diaphragm 103 will be biased

upwards. As the diaphragm 103 moves upwards the coupling force between the valve

member 105 and the diaphragm 103 increases, thereby creating a "positive lock." If the

valve stem 110 shifts due to vibration of the regulator 100 and the valve member 105

becomes misaligned relative to the valve seat 106, fluid may leak into the first fluid

chamber 113a thereby increasing the pressure. The increase in pressure will act to pull

up on the valve member 105 and increase the sealing force between the valve seal 112

and the valve seat 106. In addition, the coupling force between the valve stem 1 0 and

the stem receiver 111 also increases. The coupling substantially reduces the chance of

regulator creep due to undesirable movements of the regulator components. Prior art

regulators cannot actively pull up on the valve stem to increase the sealing force as in

the present invention. Therefore, if a small leak occurs in a prior art regulator, the

pressure will continue to rise above the desired outlet pressure.

According to an embodiment of the invention, the valve seal 112 comprises a flat

sealing member. The flat sealing member can reduce the chance of leaks due to

variations in the concentricity between the diaphragm 103 and the valve member 105.

Furthermore, in some embodiments, the valve stem 110 may be molded, which typically

results in a split-line where the mold is separated from the molded component. The

split-line is a common point of leaking when the valve seal comprises an O-ring, for



example. Therefore, the use of a flat sealing member can avoid this particular cause of

leaking.

Another way the present invention reduces the risk of internal leaking is due to

the configuration used to secure the diaphragm 103 in place within the regulator body

101. While the pressure regulator 100 may include a separate retaining member or

retaining clip to retain and seal the diaphragm 103, in many embodiments, this

additional component can be omitted. According to an embodiment of the invention,

the diaphragm 103 is secured in place by frictionally engaging the regulator body 101.

While prior art regulators secure the diaphragm 103 using a separate retaining ring or

retaining member, the frictional engagement of the present invention does not require a

separate component to secure the diaphragm 103 in place. Rather, according to an

embodiment of the invention, the frictional engagement requires a predetermined force

to fully engage the two components. Likewise, a predetermined force may be required

to disengage the two components. Advantageously, the frictional engagement may be

such that the normal operating conditions of the pressure regulator 100 do not provide

sufficient force to disengage the diaphragm 3 from the regulator housing 101.

Therefore, the friction fit can hold the diaphragm 103 within the regulator housing 101

with a substantially fluid tight seal. The frictional engagement may comprise a variety

of arrangements including, a snap-fit, a compression fit, threaded fit, etc. The

discussion that follows provides examples of various frictional engagement

configurations; however, the examples that are provided are not exhaustive.

According to an embodiment of the invention, a receiving groove 114a is formed

in the regulator body 101. According to an embodiment of the invention, the regulator

body 101 also includes a retaining protrusion 114b. According to an embodiment of the

invention, the diaphragm 103 includes a retaining rim 120. The retaining rim 120 can

be sized and adapted to frictionally engage the receiving groove 114a on a first side and

frictionally engage the retaining protrusion 114b on a second side. In other words, the

retaining rim 120 of the diaphragm 103 can engage the receiving groove 114a and then

engage the retaining protrusion 114a. As the retaining rim 120 engages the retaining

protrusion 114a, the retaining rim 120, the retaining protrusion 114a or both may

partially deform and then return to the original position once the diaphragm 103 is fully

frictionally engaged in a frictional "snap-fit" arrangement. Therefore, the diaphragm



103 can be frictionally held by the receiving groove 114a and the retaining protrusion

114b.

While not required, in some embodiments, such as the embodiment shown in

FIG. 1, the cap 102 includes a tab 115. The tab 115 can be provided to ensure that the

retaining rim 120 remains in place in the receiving groove 114a and the retaining

protrusion 114b. As can be appreciated, the present invention does not require a

separate component to create a fluid tight seal between the diaphragm 103 and the

regulator body 101. Rather, the diaphragm 103 forms a substantially fluid tight seal

with the regulator body 101 using a snap-fit arrangement between the diaphragm 103

and the regulator body 101. Advantageously, less components are required that could

fail resulting in a leak. Furthermore, the seal between the diaphragm 103 and the

regulator body 101 is not dependent upon the tightness of the cap 102 relative to the

regulator body 101.

According to an embodiment of the invention, the diaphragm 103 can also

include one or more sealing members 116. The sealing member 116 can be provided to

ensure the diaphragm 103 forms a fluid tight seal with the regulator body 101.

According to some embodiments, the sealing member 116 may comprise a separate

component, such as an O-ring or a K-ring, for example. According to another

embodiment of the invention, the sealing member 116 may comprise an integral

component of the diaphragm 103. For example, the diaphragm 103 may comprise a

molded component with the sealing member 116 being molded to the diaphragm 103.

In some embodiments, the diaphragm 103 and the sealing member 116 may be formed

using a twin shot molding process, wherein the diaphragm 103 and the sealing member

116 are molded from separate substances but at substantially the same time in a single

mold. Other molding techniques are possible and known in the art that could form the

diaphragm 103 and the sealing member 116 as integral components. Therefore, the

particular method used for forming the diaphragm with an integrated seal should not

limit the scope of the present invention.

FIG. 2 shows a cross-sectional view of the pressure regulator 100 according to

another embodiment of the invention. The embodiment shown in FIG. 2 is similar to

the embodiment shown in FIG. 1, except for the components used to secure the

diaphragm 103 to the regulator body 101. In the embodiment shown in FIG. 2, the



regulator body 101 includes a movable arm 240 attached by a hinge portion 241.

According to an embodiment of the invention, the hinge portion 241 comprises a section

of reduced thickness, for example. Prior to the cap 102 being coupled to the regulator

body 101, the movable arm 240 can be flexed or otherwise moved out of position via the

hinge portion 241 in order to position the retaining rim 120 within the receiving groove

114a. The movable arm 240 can then be repositioned adjacent the retaining rim 120 in

order to secure the diaphragm 103 in place. Therefore, the retaining rim 120 can be

coupled to the regulator body 101 by a snap fit arrangement between the retaining rim

120, the receiving groove 114a, and the movable arm 240. According to an embodiment

of the invention, the cap 102 can engage the movable arm 240 to secure the movable

arm 240 against the retaining rim 120.

According to some embodiments, the movable arm 240 may include threads 242

formed on the outer surface of the movable arm 240. In this embodiment, the cap 102

can engage the threads 242 as the cap 102 is secured to the regulator body 101.

As can be appreciated, with the cap 102 in place, the movable arm 240 is held

against the retaining rim 120. Therefore, while the diaphragm 103 is retained by the

regulator body 101, and more particularly, the adjustable arm 240, the cap 102 can

ensure that vibrations do not cause the diaphragm 103 to disengage from the receiving

groove 114b. As can be appreciated, unlike prior art systems that trap the diaphragm

between the body and the cap, thereby requiring the cap to remain stationary with

respect to the body, the present invention allows the position of the cap 102 to vary.

Therefore, the cap 102 may be repositioned relative to the regulator body 101 in order to

adjust the compression of the biasing member 104 without varying the sealing effect of

the diaphragm 103.

Additionally shown in FIG. 2 is a vent port 230 formed in the cap 102. The vent

port 230 can be provided in some embodiments to allow the diaphragm 103 to move

more easily. Without the vent port 230, the pressure in the second fluid chamber 113b

would increase as the diaphragm 103 is actuated upwards. The vent port 230 prevents

the pressure from increasing and therefore, allows for better pressure control in the first

fluid chamber 113a. Conversely, without the vent port 230, a greater force would be

required by the biasing member 104 due to the vacuum that would resist downward

movement of the diaphragm 103.



FIG. 3 shows a cross-sectional view of the pressure regulator 100 according to

another embodiment of the invention. In the embodiment shown in FIG. 3, the

diaphragm 103 includes a tortuous section 350. The tortuous section 350 acts like a

spring to continuously bias the retaining rim 120 away from the center of the diaphragm

103 and against the regulator body 101. The tortuous section 350 of the diaphragm 103

allows the retaining rim 120 to be compressed inwards towards the center of the

diaphragm 103 to be positioned in the regulator body 101. The retaining rim 120 then

frictionally engages the regulator body 101 with the tortuous section 350 providing a

constant outward biasing force. The outward biasing force acts to seal the diaphragm

103 against the regulator body 101. As discussed above, the diaphragm's sealing

members 16 may comprise separate components or integral components of the

diaphragm 103.

According to an embodiment of the invention, the cap 102 may engage the

regulator body 101 and be positioned based on the desired compression in the biasing

member 104. In some embodiments, once the desired compression is reached, the cap

102 may be substantially permanently secured to the regulator body 101. The

substantially permanent securing may be accomplished using welding, brazing,

adhesives, ultrasonic welding, etc. The particular method used for securing the cap 102

to the regulator body 101 is not important for purposes of the present invention and

therefore, should in no way limit the scope of the present invention.

In some embodiments, the retaining rim 120 may slide within the regulator body

101 in response to the pressure in the first fluid chamber 113a along with the force of

the biasing member 104. According to an embodiment of the invention, rather than

ensuring the diaphragm 103 does not disengage the receiving groove 114a and the

retaining protrusion 114b, the tab 115 may be provided to limit the upward travel of the

diaphragm 103. Therefore, the diaphragm 103 is kept in a position where the retaining

rim 120 frictionally engages the regulator body 101 to ensure a fluid tight seal.

FIG. 4 shows a cross-sectional view of the pressure regulator 100 according to

another embodiment of the invention. The pressure regulator 100 shown in FIG. 4 is

similar to the pressure regulator 100 shown in FIG. 1, except the embodiment shown in

FIG. 4 also includes a pressure relief valve 420. According to an embodiment of the

invention, the pressure relief valve 420 is positioned within a bleed port 421 formed in



the regulator body 101 . The bleed port 421 is in fluid communication with the first fluid

chamber 113a. Therefore, according to an embodiment of the invention, the pressure

within the bleed port 421 is substantially equal to the pressure in the first fluid chamber

113a. The pressure relief valve 420 may be secured in the bleed port 421 in a number of

ways including, but not limited to adhesives, welding, bonding, brazing, friction fit, etc.

Therefore, the particular method used to couple the pressure relief valve 420 to the bleed

port 421 should not limit the scope of the present invention.

According to an embodiment of the invention, the pressure relief valve 420

comprises a movable valve member 422, such as a poppet member, a valve seal 423, a

valve seat 424 formed in the regulator body 101, and a biasing member 425. The

biasing member 425 can bias the valve member 422 towards the valve seat 424. With

the valve member 422 biased towards the valve seat 424, a substantially fluid tight seal

can be formed between the valve seal 423 and the valve seat 424. The force of the

biasing member 425 can be adjusted such that the valve member 422 actuates away

from the valve seat 424 at a predetermined pressure. The predetermined pressure may

be set at a threshold pressure. According to an embodiment of the invention, the

threshold pressure is greater than the desired outlet pressure as determined by the

biasing member 104. For example and not limitation, in some embodiments, the inlet

pressure may be approximately 2.5 bar (36.3 psi) with the outlet or regulated pressure

being approximately 0.5 bar (7.3 psi). Based on these pressures, the relief valve 420

may be set to open at a threshold pressure of approximately 0.75 bar (10.88 psi).

As a result, if the pressure in the first fluid chamber 113a exceeds the set

pressure, the pressure relief valve 420 can actuate to relieve the increased pressure.

Therefore, in situations where the pressure regulator 100 is implemented in an infusion

system, the pressure relief valve 420 ensures that the pressure output by the fluid outlet

108 does not exceed a predetermined pressure. When the pressure regulator 100 is

implemented in an infusion device, the pressure relief valve 420 can therefore ensure the

patient does not receive a dosage that exceeds the desired dosage of medicine or other

fluid being delivered. As an alternative, the pressure relief valve 420 may be manually

operated to exhaust the pressure in the first fluid chamber 113a. This may be necessary

or desired to stop fluid from flowing through the pressure regulator 100, for example to



relieve the pressure acting on an infusion bag. Therefore, the pressure relief valve 420

can provide a manual override to the pressure regulator 100.

FIG. 5 shows a cross-sectional view of the valve 100 according to another

embodiment of the invention. In the embodiment shown in FIG. 5, the valve member

105 comprises an integral portion of the diaphragm 103. According to an embodiment

of the invention, the diaphragm 103 and the valve stem 110 can be molded as a single

component, for example. As a result, the chance of internal leakage due to movement of

components from vibration is substantially reduced. The valve stem 110 may be formed

such that it has a high tensile strength relative to the bending strength. As a result, the

valve stem 110 can adequately pull up on the valve member 105 in the longitudinal

direction, and can bend in a direction perpendicular to the longitudinal axis 140 in order

to form a better seal between the valve seal 112 and the valve seat 106. This may be

especially useful if there is a small leak due to manufacturing tolerances. It should be

appreciated however, that because the valve seal 112 is positioned outside of the first

fluid chamber 113a, an increase in the pressure in the first fluid chamber 113a will

increase the sealing force between the valve seal 112 and the valve seat 106.

It should be appreciated that the valve seals 112 shown in the figures are merely

examples of various suitable designs. For example, the valve seals 112 may comprise

O-rings, flat gaskets, Quad-seals, twin-shot molded seals, etc. Therefore, the particular

examples shown should in no way limit the scope of the present invention.

The present invention provides a pressure regulator 100 with increased sealing

capabilities. The various components of the pressure regulator 100 are coupled together

in a manner that reduces the chance of internal leakage. Furthermore, the number of

required components of the pressure regulator is substantially reduced compared to prior

art systems. As a result, the pressure regulator 100 of the present invention can be

manufactured at a reduced cost allowing the pressure regulator 100 to be implemented

in a disposable system.

The detailed descriptions of the above embodiments are not exhaustive

descriptions of all embodiments contemplated by the inventors to be within the scope of

the invention. Indeed, persons skilled in the art will recognize that certain elements of

the above-described embodiments may variously be combined or eliminated to create

further embodiments, and such further embodiments fall within the scope and teachings



of the invention. It will also be apparent to those of ordinary skill in the art that the

above-described embodiments may be combined in whole or in part to create additional

embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for, the invention are

described herein for illustrative purposes, various equivalent modifications are possible

within the scope of the invention, as those skilled in the relevant art will recognize. The

teachings provided herein can be applied to other pressure regulators, and not just to the

embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.



CLAIMS

We claim:

. A pressure regulator (100), comprising:

a regulator body (101) including a fluid inlet (107) and a fluid outlet (108);

a cap (102) coupled to the regulator body (101);

a diaphragm (103) positioned within the regulator body (101) and including:

a first side (103a) exposed to the fluid inlet (107) and the fluid outlet

(108);

a second side (103b) exposed to the cap (102); and

a retaining rim (120) configured to frictionally engage the regulator body

(101) to form a substantially fluid tight seal between the

diaphragm (103) and the regulator body (101); and

a valve member (105) including a valve stem ( 110) extending through the fluid

inlet (107) and coupled to the diaphragm (103).

2. The pressure regulator (100) of claim 1, further comprising a receiving groove

( 114a) formed in the regulator body (101) and a retaining protrusion ( 14b) extending

from the regulator body (101), wherein the retaining rim (120) frictionally engages the

receiving groove ( 114a) and the retaining protrusion ( 114b) in a snap-fit arrangement.

3. The pressure regulator (100) of claim 2, wherein the cap (102) includes a tab

( 115) adapted to retain the retaining rim (120) frictionally engaged with the receiving

groove ( 114a) and the retaining protrusion ( 114b).

4. The pressure regulator (100) of claim 1, further comprising a movable arm (241)

extending from the regulator body (101), wherein the retaining rim (120) frictionally

engages the movable arm (241).

5. The pressure regulator (100) of claim 1, further comprising a ball (117) formed at

the second end of the valve member (105) and a socket ( 118) formed in the diaphragm

(103), wherein the ball ( 117) is configured to engage the socket ( 118) to couple the

valve member (105) to the diaphragm (103).



6. The pressure regulator (100) of claim 1, wherein the valve member (105)

comprises an integral component of the diaphragm (103).

7. The pressure regulator ( 100) of claim 1, further comprising a biasing member

(104) coupled to the second side (103b) of the diaphragm and the cap (102).

8. The pressure regulator (100) of claim 1, further comprising a pressure relief

valve (420) located in a bleed port (421) formed in the regulator body (101).

9. The pressure regulator (100) of claim 8, wherein the pressure relief valve (420) is

in fluid communication with first side (103a) of the diaphragm (103).

10. A pressure regulator (100), comprising:

a regulator body (101) including a fluid inlet (107) with a valve seat (106) and a

fluid outlet (108);

a cap (102) coupled to the regulator body (101);

a diaphragm (103) coupled to the regulator body (101) and comprising a first

side (103a) exposed to the fluid inlet (107) and the fluid outlet (108) and a

second side (103b) exposed to the cap (102);

a socket ( 118) formed in the diaphragm (103); and

a valve member (105) including a valve stem ( 110) with a ball ( 118) that is

adapted to engage the socket (118) formed in the diaphragm (103) in

order to couple the valve member (105) to the diaphragm (103).

11. The pressure regulator (100) of claim 10, further comprising a receiving groove

( 114a) formed in the regulator body (101) and a retaining protrusion ( 114b) extending

from the regulator body (101), wherein the retaining rim (120) frictionally engages the

receiving groove ( 114a) and the retaining protrusion ( 114b) in a snap-fit arrangement.



12 . The pressure regulator (100) of claim 11, wherein the cap (102) includes a tab

( 115) adapted to retain the retaining rim (120) frictionally engaged with the receiving

groove ( 114a) and the retaining protrusion ( 114b).

13. The pressure regulator of claim 10, further comprising a movable arm (241)

extending from the regulator body (101), wherein the retaining rim (120) frictionally

engages the movable arm (241).

14. The pressure regulator (100) of claim 10, wherein the diaphragm (103) includes a

retaining rim (120) adapted to frictionally engage a portion of the regulator body (101)

and a tortuous portion (350) configured to bias the retaining rim (120) against the

regulator body (101).

15. The pressure regulator (100) of claim 10, wherein the valve member (105)

extends from the diaphragm (103) through the fluid inlet (107) and includes a valve seal

( 112) configured to engage the valve seat (106).

16. The pressure regulator (100) of claim 10, further comprising a biasing member

(104) coupled to the second side (103b) of the diaphragm (103).

17. The pressure regulator (100) of claim 10, further comprising a pressure relief

valve (420) located in a bleed port (421) formed in the regulator body (101).

18. The pressure regulator (100) of claim 17, wherein the pressure relief valve (420)

is in fluid communication with the first fluid chamber ( 113a).
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