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-1-                       ELASTOMERIC ELEMENT VALVE                This
application claims the benefit of U.S.     Provisional Application S/N
60/024,415, filed     August 21, 1996.  5             This invention
relates to fluid control     valves and in particular to pressure
regulators or     throttling valves including an elastomeric diaphragm
element sealing a regulator orifice for flow control.
BACKGROUND OF THE INVENTION 10             Fluid control regulators, such
as gas     pressure regulators are in common use in gas pipeline
systems to assist in maintaining system pressure within     acceptable
limits. As an example, the primary function     of a gas pressure regulator
is to match the flow of gas 15   through the regulator to the demand for
gas placed upon      the system. Also, the pressure regulator must maintain
the system pressure within acceptable limits.                In one type of
such gas pressure regulator, a      cage is inserted between the regulator
fluid input and 20   output ports with a diaphragm assembly being under a
spring load to seat against an orifice at the top of      the cage.
Unreliable fluid sealing has been noted      occasionally in this
configuration, particularly at low      fluid flow conditions. 25
In some such prior regulators, the diaphragm      assembly contains several
elements of complicated      structure leading to a larger than desired
regulator      package which also is expensive to manufacture. In
other such prior regulators, the diaphragm assembly has 30  been reduced to
a minimum of components utilizing a      flat plate across the top of the
cage and over the      orifice opening. However, in such prior regulators
the      orifice is not substantially open and the flow path is
obstructed even when the diaphragm is in the fully 
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-2-      opened position above the orifice, thus reducing the     regulated
flow through the regulator. This undesired     configuration leads to lower
regulator flow capacity     than desired. 5             It is desired
therefore to. provide a fluid     control regulator having a diaphragm
assembly which     accommodates a high flow capacity in a small regulator
package, and contains few components so as to reduce     manufacturing and
assembling costs.   10                   SUMMARY OF THE INVENTION
A fluid control regulator including a valve     body having a fluid input
and a fluid output and a flow     passageway therebetween. A cage element
is inserted     within the flow passageway and is adapted to permit 15
flow through the cage and a top orifice between the      regulator fluid
input and output. A diaphragm assembly      is movably mounted above the
cage orifice to regulate      fluid passing between the regulator input and
output.                The diaphragm assembly includes an 20   elastomeric
diaphragm ring element circular in shape      and having a flat central
portion bounded by a formed      convolution which in one embodiment is
provided by a      ridged annular diaphragm portion being joined together
by a concave perimeter. In another embodiment the 25   formed convolution
is provided by a raised annular      ridge in the diaphragm joining
together the flat      central portion and a flat mounting perimeter. The
elastomeric diaphragm element is formed of a nitrile      type material or
other such elastomeric material. 30             In the regulator closed
position the flat      central portion of the diaphragm extends across the
cage top to close the regulator orifice and prevent the 



flow of fluid through the passageway and through the      regulator input
and output. In response to regulator 35  operation requiring the opening of
the orifice, the          WO 98/08150
PCT/US97/14605.                                   -3-       elastomeric
diaphragm element is flexibly moved away      from the cage top with the
concave perimeter switching      to a convex perimeter, or the raised ridge
portion      straightening out in the second embodiment, and, in  5 both
cases, enabling the regulator orifice to be fully      opened. Providing a
full opening of the orifice allows      the regulator to handle a high
capacity of fluid      pressure as compared to prior regulator devices of
this      type. 10             A diaphragm mounting ring includes an
exterior surface matching the annular ridged portion of      the diaphragm
ring in the seated position. On the      opposite side of the diaphragm,
the regulator bonnet      includes a diaphragm mounting flange having an
interior 15  surface which is contoured to match the diaphragm ring
when the ring is flexed to the fully open position and      the diaphragm
concave perimeter has been switched to a      convex perimeter, or the
raised annular ridge      straightens out. 20             The improved
diaphragm assembly of the      present invention is supported at its center
with a      diaphragm head on one side and a flat diaphragm plate      on
the other side to provide a seat load through a      conventional
plug/spring load configuration in for 25   instance an unloading regulator.
The diaphragm head      also serves as a flow deflector to prevent
diaphragm      erosion and to increase capacity. As an alternative,
the center diaphragm support can be drilled to provide      a balancing
port for a loading/actuated style regulator 30   to provide a balanced plug
curtain style valve.      Therefore, the pressure regulator with an
elastomeric      diaphragm assembly of the present invention enables the 



production of a high capacity, small package, in-line      maintenance
regulator valve that is adaptable for both 35  loading and unloading
actuation.           WO 98/08150
PCT/US97/14605                                   -4-                 In a
preferred embodiment of the invention, a      fluid control valve, such as
a throttling valve,      includes a valve body having a fluid inlet, a
fluid      outlet, and a fluid passageway therebetween. A cage  5 member
includes a cage interior receiving fluid at one      cage end and a cap at
the other cage end having cap      openings in fluid communication with the
cage interior.      The cage member is mounted within the valve body fluid
passageway for passing fluid from the valve body fluid 10   inlet through
the cage interior, and continuing through      the cap openings to exit
from the valve body fluid      outlet. A flexible diaphragm is mounted in
the valve      body and flexibly movable from adjacent the cap
openings to move away from the cap openings in 15   controlling the flow of
fluid between the valve body      fluid inlet and the fluid outlet. Flow
diverter means      within the cage interior reduce the separation of the
fluid flow which is passing between the cage top end      and the cap
openings so as to reduce the required flow 20   recovery area as the fluid
flow exits the top cage end      and then enters the cap openings on the
way to the      valve body fluid outlet.                In one embodiment,
the flow diverter means is      provided by a decreasing cage interior
volume as viewed 25   by the fluid flow progressing from the cage inlet at
the bottom of the cage to the cage outlet, and followed      by-a
substantially constant cage interior volume as the      flow continues to
exit the top of the cage. This      decreasing cage interior volume
followed by a 30   substantially constant cage interior volume portion
tends to make the fluid flow curve around the top of 



the cage with a minimum of flow separation so as to      reduce the amount
of flow recovery area normally      required prior to the fluid entering
the cap openings. 35   In another embodiment, a flow diverter is provided
by a      decreasing cage interior volume portion as the fluid         WO
98/08150                                      PCT/US97/14605
-5-       flow progresses from the bottom of the cage towards the      top
of the cage, followed by a ledge projecting into      the cage interior and
with the projection continuing to      the top cage end, either as a sharp
ledge or as a more  5 rounded ledge. In either event, this alternative flow
diverter reduces the fluid flow separation as the fluid      passes out the
top cage end and goes towards and      finally enters the cap openings. The
ledge can also      include a substantially constant cage interior volume
10  in continuing to the top of the cage.                A raised seat is
provided on the cage cap and      is situated between the cage top end
where the fluid      flow exits the cage and the cap openings. Preferably,
the raised seat is located at a position of low 15  turbulence and of low
velocity, in a stagnant flow      region. This enables the sealing of the
raised seat by      the diaphragm to be more reliable under all flow
conditions, including low flow conditions which caused      fluid sealing
reliability problems in prior regulator 20  valves. In addition, because of
the flow diverter means      reducing flow separation around the throttling
area,      the seat can be efficiently located so as to avoid the      loss
of regulator flow capacity which was required in      prior devices.
Furthermore, the flow diverter means 25   enables the location of a desired
sharp raised seat or      knife edge seat in an area on the cage cap so as
to      significantly reduce the build-up of contaminants on      the seat.
A retaining ring engages the cap for mounting 30   the cage in the valve
body.  The retaining ring can be 



a hollow ring enabling full fluid flow therethrough, or      can include
flow blocking fingers in the ring interior      which fingers can mate with
the cap openings to      desirably reduce the flow capacity of the
regulator. 35   In this manner, one cage can be used with any number of
capacity alternatives by simply changing the retainer          WO 98/08150
PCT/US97/14605                                  -6-      ring to a
respective ring having none or a varying     plurality of flow blocking
fingers. Alternatively, the     retaining ring could be incorporated with
the cage in a     single casting. 5             A center diaphragm support
is mounted to the     diaphragm central portion and includes a lower
diaphragm plug-like head and an upper flat diaphragm     plate with the
diaphragm central portion sandwiched     therebetween. Aspirator
passageways extend through the 10  center diaphragm support for
communicating the loading      chamber on one side of the diaphragm to the
other      diaphragm side.                In an alternative embodiment, the
afore-     mentioned regulator valve may include a noise 15  attenuation
device.  The noise attenuation device is     provided by a perforated
member surrounding the cage     and intermediate the fluid flow progressing
from the     cap openings to the valve body outlet so as to     attenuate
noise in the fluid flow. One or more of such 20  perforated members can be
mounted into position      surrounding the cage to provide flow diffusion
so as to      reduce noise generated by turbulence, depending upon      the
level of attenuation desired.                A valve stem is engageably
coupled to the 25   center of the diaphragm so as to move the diaphragm
towards and away from the cap openings, and passageways      in-the valve
body accommodate and guide the valve stem      during such movement. This
guided valve stem 



configuration permits stabilizing of the diaphragm. 30  Alternatively,
instead of stem guiding, the diaphragm      assembly can include a skirt
portion movably guided      within the valve body. A travel indicator
having a      scale also may be mounted to the valve body to      cooperate
with a marker on the valve stem to indicate 35   the valve stem position
and therefore the opening      position-of the valve.          WO 98/08150
PCT/US97/14605                                   -7-                 In a
further embodiment of the invention, the      valve stem actuated diaphragm
is attached to a      conventional valve actuator wherein the moving forces
are supplied through a loading pilot. Such a valve  5   actuator and
regulator combination in accordance with      this invention can be
reliably used for low      differential pressure applications. In a
self-operated      version of the actuator/regulator combination, instead
of the moving force supplied through a loading pilot, 10  the controlled
pressure can be obtained from the down-      stream pressure.
The present invention solves many of the      prior problems encountered in
prior regulators using an      elastomeric diaphragm and throttling cage
element. In 15  addition, the present invention provides many
significant advantages, including the following:                A. "Plug
Style" Elastomeric Regulator                  a. A diaphragm mounting plug
provides a      hard surface on the fluid inlet to avoid erosion by 20
absorbing the high energy of particle impingement.                  b. The
diaphragm plug along with the      improved seat of the present invention
provides longer      seat life. The cage seat has a sharp seating surface.
The cage seat is also provided for seating and not for 25  a pressure drop,
as the pressure drop is taken else      where within the throttling cage,
thus protecting the      seat. The improved cage seat in combination with
the 



diaphragm plug, provides longer seat life.                  c. The
diaphragm plug with the guided 30  valve stem enables the use of lighter
weight diaphragms      so as to lower the minimum pressure differential and
reduce hysteresis error, thus improving control      regulation over wider
ranges.                  d. The diaphragm plug with the guided 35  valve
stem provides enhanced regulator stability over a      pressure range.
WO 98/08150                                      PCT/US97/14605
-8-                   e. The diaphragm mounting assembly enables     spring
assisted fluid shut-off.                  f. Diaphragm mounting assembly
enables the     formation of a "cupped" diaphragm from a flat sheet, 5
thus reducing the cost of the diaphragm and adding     flexibility in the
choice of diaphragms.                  g. Diaphragm mounting assembly and
guided     valve stem enables the use of a true travel indicator     and/or
with limit switches, etc., for indicating the 10   true plug position in an
elastomeric element device.                B. Throttling Cage
a. The throttling cage is designed as a     direct insert for the control
valve body to convert the     control valve to a regulator or to an
elastomeric 15   control valve.                  b.  The flow diverter
structure in the cage      provides a "flow dam" for stability and to move
the      pressure drop region from the raised seat to other area      so as
to prolong seat life. 20               c.  The desirable sharp or knife
edge seat      in an elastomeric element style regulator is advan-
tageously combined with the diaphragm plug.                  d.  The cage
retainer also acts as the      diaphragm retainer.  Also, the cage retainer
can be 25  used to selectively reduce flow capacity. 



e. The throttling cage has an integral      seat. Also, the throttling cage
can be combined with      noise attenuating veins and can also incorporate
a      primary/secondary seat configuration if desired. 30             C.
Elastomeric Diaphragms                  a.  The flat diaphragm may be
formed into a      cupped shape utilizing the diaphragm mounting assembly.
b. A flat diaphragm is easier to      manufacture and can be made from
special materials, 35   i.e., carboxylated nitrile, viton, and others to
enable      versatility in applications.         WO 98/08150
PCT/US97/14605                                  -9-                   In
addition, the fluid control valve of      the present invention can be:
(1) used in gas or      liquids; (2) used as a relief, back pressure,
pressure.      reducing, or flow control valve (via differential on  5
pilot) using a simple change of pilot; (3) can be      remotely controlled
utilizing the guided valve stem      with appropriate coupling devices; (4)
can incorporate      a microprocessor controlled pilot; and (5) can incor-
porate an integral shut-off.   10              BRIEF DESCRIPTION OF THE
DRAWINGS                The features of this invention which are
believed to be novel are set forth with particularity      in the appended
claims. The invention may be best      understood by reference to the
following description 15   taken in conjunction with the accompanying
drawings, in      which like reference numerals identify like elements in
the several figures and in which:                Figure 1 is a sectional
view of a fluid      pressure regulator and elastomeric diaphragm assembly
20   in accordance with the present invention with opposite      sides of
the regulator centerline showing respective      operational positions for
convenience of illustration; 



Figure 2 is a plan view of the regulator cage      of Figure 1 illustrating
the cage top and the cage 25   outlet which is sealed by the diaphragm
element;                Figure 3 is a sectional view of an      alternative
fluid pressure regulator and elastomeric      diaphragm assembly in
accordance with the present      invention; 30             Figure 4 is a
plan view of the regulator of      Figure 3 with the valve bonnet removed
to illustrate      the cage top;                Figure 5 is a sectional
view of a fluid     pressure regulator and elastomeric diaphragm assembly
35   in the preferred embodiment of the present invention          WO
98/08150                                      PCT/US97/14605
-10-      with opposite sides of the regulator centerline showing
respective operational positions for convenience of     illustration;
Figure 6 is a plan view of the regulator cage 5  of Figure 5 showing the
location of a raised sharp seat     with respect to the cage cap openings;
Figure 7 is an enlarged fragmentary view of      the top of the cage of
Figure 5 illustrating the flow      diverter and the position of the raised
seat; 10             Figure 8 is a fragmented sectional view
illustrating another embodiment of a flow diverter;                Figure 9
is a plan view illustrating a cage      retainer ring with flow capacity
fingers mating with      the cap openings of the cage in Figure 6; 15
Figure 10 is a sectional view taken along      section line 10-10 of Figure
9;                Figure 11 is a fragmented view of a regulator      in
accordance with the invention including a perforated      flow diffusion
member surrounding the cage for noise 20   attenuation and with an
alternative diaphragm mounting      assembly including passageways for
aspirating loading 



chamber pressure;                Figure 12 is a sectional view taken along
section line 12-12 of Figure 11 with the cage 25   eliminated for ease of
illustration;                Figure 13 is a fragmented sectional view
illustrating a regulator in accordance with the present      invention
including a guided valve stem and a travel      indicator indicating the
position of the valve stem; 30             Figure 14 is a fragmented
sectional view      illustrating a regulator in accordance with the present
invention with a guided valve stem coupling to a valve      actuator and
being operated by a pilot control valve;      and.         WO 98/08150
PCT/US97/14605                                  -11-                 Figure
15 is a fragmented sectional view of      an alternative embodiment
regulator with a primary      seating plug and a secondary seating
diaphragm.                          DETAILED DESCRIPTION  5
Figures 1 and 2 illustrate one embodiment of      the invention
incorporating a unique elastomeric      diaphragm assembly in a fluid
pressure regulator.  It      is to be understood that whereas the specific
illustration herein is in connection with a fluid 10  pressure regulator of
the unloading regulator type, the      elastomeric diaphragm element also
can be applied to      loading regulator types of fluid pressure
regulators.                Turning now to Figures 1 and 2, there is
illustrated a fluid pressure regulator 10 including a 15  regulator body 12
having a fluid inlet 14, a fluid      outlet 16, and an interconnecting
passageway 18 for      communicating fluid from the inlet 14 through the
regulator body 12 and to the outlet 16. For      convenience in describing
the invention, the left-hand 20   side of the regulator is illustrated in
the closed 



position, whereas the right-hand side is illustrated in     the open
position.                Within the passageway 18 in the regulator
body 12, there is provided an elongated cage 20 with a 25  bottom end
mounted on an annular support shelf 22      encircling an aperture 24 which
fluidly communicates      the inlet 14 with a hollow cage interior 26
leading to      a cage outlet 27. At the top of cage 20 there is
provided a cap or end wall 28 having a series of 30   openings in the form
of open slot apertures 30 which     apertures 30 together form a passageway
for the fluid     within the hollow cage interior 26 on one side of the
cap or cage end wall 28 and the outlet fluid in     passageway 18 on the
opposite side of the cage end 35  wall.          WO 98/08150
PCT/US97/14605                                 -12-                An outer
edge 32 of the cage end wall 28     rests against an inner surface 34 of
the regulator body     12 within the passageway 18 in a guide clearance
that     aids in vertical assembly of the components. The open  5 slot
apertures 30 thereby communicate fluid passing     through the cage outlet
27 to the passageway 18 and     eventually to the regulator outlet 16.
A diaphragm assembly 36 is provided for     controlling the flow of fluid
through the regulator 10  orifice and includes an elastomeric diaphragm 38
having     a central portion 40 substantially sandwiched between a
diaphragm head 42 supporting the diaphragm on one side     and a diaphragm
plate 44 supporting the diaphragm on     the opposite side. A nut 46
threadably mounts to a 15  threaded upright portion of the diaphragm head
42 so as     to securely maintain the elastomeric diaphragm 38 in
position and to secure the components of the diaphragm     assembly. The
diaphragm plate 44 serves as a spring     seat and is larger than the cage
outlet 27 to provide a 



20  sealing of the outlet 27 at regulator lockup.                With
reference to Figure 1, it may be seen      that there is illustrated for
convenience on the left      side of regulator centerline 48 the position
of the      diaphragm assembly 36 when sealed against a corner seat 25  29
of the cage end wall 28 to block the cage outlet 27.      The portion of
the end wall 28 having the open slot      apertures 30 supports the
diaphragm 38.                On the right side of the centerline 48 there
is illustrated the position of the diaphragm assembly 30  36 during
operation of the regulator to open the      regulator orifice and enable
the fluid flow to pass      from regulator inlet 14 through aperture 24,
through      the hollow cage interior 26 and cage outlet 27 and into
the diaphragm chamber 50, through the slot apertures 30 35  and into the
passageway 18, and finally to the fluid      outlet 16.          WO
98/08150                                      PCT/US97/1405
-13-                 The elastomeric diaphragm 38 is preferably      formed
of nitrile and includes the flat central portion      40, an annular ridged
portion 52, and a concave      perimeter 54 joining the ridge 52 and the
central  5 portion 40. An outer mounting ring portion 56 is      provided
for mounting the diaphragm assembly 36 between      a diaphragm mounting
and cage retaining ring 58 and a      diaphragm mounting flange 60 of a
regulator bonnet 62.      A series of hold down bolts 64 threadably engage
the 10  regulator body 12 for securely maintaining the bonnet      62 in
position with the diaphragm assembly 36 there-      between.  The cage
mounting ring 58 is adapted to hold      the cage 20 in position so as to
form a diaphragm      convolution for the required diaphragm travel, and to
15  produce a metal/metal contact to carry the bolt load      that prevents
the diaphragm from crushing. If desired      in certain regulator
applications, the diaphragm 38 as      shown herein may be utilized with a
modification in the 



shape of the cage retaining ring 58 to provide a 20   restricted flow
capacity as will be described      hereinafter with reference to the cage
retaining ring      of Figures 9 and 10. Suitable O-rings are provided
between the bottom of the cage 20 and the support shelf      22 as well as
between the diaphragm mounting and cage 25   retaining ring 58 and the
regulator body 12 as      illustrated.                A spring 66 has one
end seated against the      bonnet interior and another end seated against
the      diaphragm plate 44. The spring 66 provides a seat load 30
through the diaphragm plate 44 and the sharp corner      seat 29 of the
cage 20. Typically, in the unloading      regulator 10, the spring 66 is
set at a spring set      pressure so that when the outlet pressure in
regulator      outlet 16 is below the spring set pressure, the 35
diaphragm assembly 36 is in a position shown on the      left side of the
centerline 48 with the diaphragm 38          WO 98/08150
PCT/US97/14605                                  -14-       seated against
the corner seat 29 of the cage end wall      28 to close off the regulator
orifice. As is well      known in the art, a pilot regulator (not shown)
senses      the outlet pressure at the outlet 16 and is fluidly  5 coupled
through the bonnet 62 into a loading chamber 68      on the opposite side
of the diaphragm assembly 36 to      enable the loading pressure to
exhaust, thereby      counteracting the spring 66 and opening the regulator
orifice. This enables the inlet pressure at inlet 14 10  to be coupled to
the regulator to the fluid outlet 16      and helps to maintain the
regulation of the outlet      pressure.                When the inlet
pressure opens the regulator      orifice, i.e. in going from the closed
situation shown 15  at the left-hand side of the centerline 48 in Figure 1
to the fully opened position shown in the right-hand 



side of Figure 1 it is desired that a large fluid flow      through the
regulator can be accommodated.  As can be      seen from the right side of
the centerline 48 in Figure 20   1, in regulator 10, the elastomeric
diaphragm ring 38      can flexibly move outwardly away from the cage end
wall      28 to a fully opened position affording a large      diaphragm
chamber 50 which can accommodate a large flow      capacity and thereby
enable the regulator to be 25  utilized for a wider range of flow
applications than     with prior devices.  In particular, it may be noted
that the elastomeric diaphragm ring 38 has a formed     convolution which
includes the concave portion 54 at     its perimeter so that when the valve
is opened the 30   concave portion 54 becomes convex as shown in the right
side of Figure 1. Thus, a full regulator orifice      opening affording a
substantially unobstructed flow      path is obtained with a minimum size
elastomeric      diaphragm element. 35             The diaphragm mounting
ring 58 includes an      inner surface 70 which is contoured to match the
WO 98/08150                                      PCT/US97/14605
-15-       concave portion 54 as well as the annular ridged      portion 52
of the elastomeric diaphragm ring 38 as      shown on the left side of
centerline 48. Also, the      regulator bonnet 62 includes an inside
surface 72 which  5  is contoured to match the elastomeric diaphragm ring
38      as the concave portion 54 switches to become convex      upon
regulator orifice opening as shown on the right-      hand side of the
centerline 48 in Figure 1.                The elastomeric diaphragm
assembly of the 10  present invention may also be used in a loading
regulator where an actuator can be attached to the      diaphragm assembly
to move the elastomeric diaphragm      ring 38 in order to position the
diaphragm for the      required flow as will be described with reference to
15  Figure 14. 



Referring now to Figures 3 and 4, there is      illustrated an alternative
fluid pressure regulator 74      having a regulator body 76 with a fluid
inlet 78, fluid      outlet 80 and an interconnecting passageway 82. 20
Figures 3 and 4 illustrate a regulator having      this similar components
as the regulator shown in      Figures 1 and 2, i.e., a valve body, a cage
mounted in      the valve body, and with an elastomeric diaphragm and
plug, except that the convolution in the diaphragm 25   element is formed
differently.                A cage 84 with apertures in the form of cap
openings 86 is mounted within the valve body.-      Elastomeric diaphragm
88 has a perimeter mounting      portion 90 trapped between the cage 84 and
a valve 30  bonnet 92 mounted on the valve body.  A bead seal 94      acts
to maintain the diaphragm within the valve body      and to seal the
passageway 82 from the atmosphere.                The diaphragm 88 also
includes a formed      convolution provided by a raised annular ridge 96 35
between the mounting perimeter 90 and a central      diaphragm portion 98.
The raised annular ridge 96          WO 98/08150
PCT/US97/14605                                  -16-      straightens as
the diaphragm is moved away from the     cage top so as to flex to a full
opening position     adjacent inside surface 100 of the valve bonnet 92 in
the same manner as the concave/convex diaphragm of  5 Figure 1.
The regulator 74 also includes a diaphragm     mounting assembly including
a lower diaphragm head 102     and an upper diaphragm plate 104 with the
central     diaphragm portion 98 sandwiched therebetween. As can 10  be
seen from Figure 4, the upper diaphragm plate 104      includes an annular
skirt 106 movable between a guide      surface 108 in the bonnet 92 such
that there is      provided a skirt guided movement of the diaphragm. A 



control spring 110 functions in the same manner as the 15   control spring
66 of Figure 1.  Also, the cage 84      includes a corner seat 112 which
cooperates with the      diaphragm 98 to shut off the flow of fluid from
the      inlet 78 to the outlet 80.                Figures 5-7 illustrate a
preferred embodiment 20   of a fluid control valve with an elastomeric
diaphragm      element in accordance with the present invention. In
the illustrated regulator 114 there is provided a      regulator body 116,
having a fluid inlet 118, a fluid      outlet 120, and an interconnecting
passageway 122. An 25   elongated cage 124 is inserted within the
passageway      and includes a hollow cage interior 126 leading to a
cage outlet top edge 128 at the cage top as shown in      Figure 5. A cap
portion 130 at the top end of the cage      has a series of cap openings
132 in the form of slot- 30   like apertures which extend through the cap
130 so as      to communicate fluid from inlet 118 through the cage
interior 126 and out the cage outlet top edge 128 and      into the
passageway 122 leading to the fluid outlet      120. 35             The
cage 124 also includes a raised annular      seat 134 on the cap 130. As
shown in Figure 7, the           WO 98/08150
PCT/US97/14605                                  -17-       raised annular
seat 134 is in the form of a knife edge      to provide a sharp seat and is
located on the cap 130      at a position which is intermediate the cage
outlet top      edge 128 and the cap openings 132. In connection with  5
the embodiment of Figures 5-7 a flow diverter      configuration has been
included in this embodiment so      as to enable the seat 134 to be
desirably located at a      position on the cap 130 which is a region of
low      turbulence or low velocity i.e., a basically stagnant 10   flow
region.                In particular, it may be noted from Figures 5 



and 7 that the cage 124 includes a lower interior      portion 136 of
reducing diameter from the cage bottom      at 138 to a cage interior area
140. The following cage 15   interior upper portion 142 extending from the
area 140      to the cage outlet top edge 128 has a substantially
constant diameter. In this configuration the cage      interior lower
portion 136 and the cage interior upper      portion 142 tends to reduce
the separation of the fluid 20   flow passing from the cage interior around
the cage      outlet top edge and on the way to the cap openings.
Accordingly, this flow diverter structure enables a      more efficient
recovery of the fluid flow exiting the      top of the cage and before
entering the cap openings 25   132, thereby leading to better regulator
stability,      particularly at low flow conditions. In addition, the
flow diverter enables the desired raised sharp seat 134      to be located
at an area of low velocity and turbulence      thereby significantly
reducing the build-up of 30   contaminants on the seat and seat erosion,
and without      the need to provide a longer recovery area which
decreases the flow capacity as required in prior      regulators attempting
to solve this problem.                As can be seen from Figures 5 and 7,
the top 35   surface of cap portion 130 of the cage 124 is in a
frustoconical shape. Thus, instead of utilizing a          WO 98/08150
PCT/US97/14605                                  -18-       formed
convolution in the diaphragm element to obtain a      full cage outlet
opening, a flat elastomeric diaphragm      element 144 is provided. The
flat diaphragm 144 is      mounted between a lower plug-like diaphragm head
146 5   and an upper diaphragm plate 148 in a similar manner as
described in connection with Figure 1. The perimeter     edge portion of
the upper diaphragm plate 148 is sized     with respect to the raised sharp
seat 134 such that in     the closed regulator position shown to the left
side of 



10   centerline 150 in Figure 5, there is a reliable seating     pressure
to securely seat the diaphragm 144 onto the     raised sharp seat 134. A
spring 152 performs the same     function as the spring 66 described in
connection with     Figure 1. The plug-like diaphragm head 146 prevents an
15  undesired impingement of particles in the flow stream      onto the
diaphragm 144 and deflects the flow away from      the diaphragm in a
manner similar to the embodiments of      Figures 1, 2 and 3, 4.
Figure 8 illustrates a cage 154 having an 20   alternative flow diverter.
A projecting ledge 156      protrudes into the cage interior 158. A cage
interior      lower portion 160 decreases in diameter. A cage      interior
upper portion 162 remains substantially      constant in diameter from the
ledge 156 to the cage top 25   edge 164.  This flow diverter configuration
also tends      to reduce the flow separation of the fluid as the fluid
passes from the cage interior 158 past the cage outlet      top edge 164
and to the cap openings 166 to provide the      resulting advantages
previously described in connection 30   with Figures 5-7.  It is to be
understood that rather      than the constant diameter section 162, this
cage      portion can be curved from ledge 156 to the cage outlet      top
edge 164. Also, instead of the sharp right angle      ledge 156, a more
rounded ledge can also be utilized to 35  provide the desired flow
diversion to reduce flow      separation beyond top edge 164.          WO
98/08150                                      PCT/US97/14605
- 19 -                 A cage retainer 167 is provided for mounting
within a ledge in the valve body and maintaining the      cage 124 securely
in position.  Retainer ring 167 also      includes a suitable groove for
receiving a downward  5 turned perimeter lip of diaphragm 144 (see Fig. 5).
Mounting the valve bonnet on the valve body securely      maintains the
diaphragm, retainer ring and cage in      position. Initially, with the
diaphragm 144 mounted 



between the diaphragm head 146 and the plate 148, the 10   elastomeric
diaphragm perimeter lip is fitted within      the retainer ring. The
diaphragm 144 lies flat on the      cap portion 130 in a frustoconical
shape as shown on      the left side of the center line 150 of Figure 5.
Accordingly, the diaphragm is initially flat and when 15  mounted onto the
cage adapts to the frustonconical      shape of the cap portion 130 as
shown in Figure 5.      Also, when the diaphragm is moved away from the cap
openings, the diaphragm can flex upwardly to assume a      fully open
position against an inside surface of the 20  bonnet as illustrated on the
right side of center line      150 in Figure 5.                Figures 9
and 10 illustrate an alternative      cage retainment ring 168 which
includes a plurality of      fingers 170 extending radially inwardly from
an annular 25  base portion 172.  The fingers 170 are adapted to
respectively mate and fit within the cap openings 132      of the cage 124
shown in Figure 6.  Thus, for instance,      if a full capacity regulator
114 is desired, the      retainer ring 167 having a hollow center is used.
If 30   then for instance a 50% reduction in flow capacity is      desired
for the regulator 114, cage retainer ring 167      is removed and replaced
with the retaining ring 168      such that the fingers 170 inserted into at
least some      of the cap openings 132 will reduce the flow capacity 35
of the regulator.  This is an advantageous feature when      one desires to
change the flow capacity of a regulator,          WO 98/08150
PCT/US97/14605                                  -20-      in that in prior
regulators, several different cages     had to be stocked with a respective
flow capacity. The     prior cage would be removed and replaced with a new
cage having the desired flow capacity. 5             In accordance with the
present invention,     only a new cage retaining ring 168 having the
desired 



flow capacity needs to be used. Therefore, this only     necessitates
stocking different flow capacity retainer     rings 168 instead of entirely
different cages, and 10  without having to remove the cage from the valve
body     to change the flow capacity.                Figures 11 and 12
illustrate a regulator     containing many of the same components as in the
regulator 114 of Figure 5 according to the present 15  invention, i.e.,
cage 124, diaphragm 144, and the valve     body 116.  In addition, a
perforated cylindrical member     174 is mounted so as to surround the cage
124 from the     cap 130 down to the bottom of the cage 124. Apertures
176 in the cylindrical member 174 enable fluid to pass 20   through the
member 174.  Accordingly, fluid passing     from cage interior 126 on the
upstream side passes     through the cap openings 132 and the apertures 176
into     passageway 122 and finally to the valve outlet 120 on     the
downstream side. This provides a flow diffuser to 25   reduce noise
generated by turbulence.  One or more of      the perforated cylindrical
members 176 can be mounted      around the cage 124 depending on the level
of      attenuation desired.                With reference to Figure 11, a
lower 30  plug-like diaphragm head 178 includes connecting     passageways
180 and 182. Passageway 182 extends     longitudinally of the centerline
150 and passageway 180     extends horizontally within the diaphragm head
178 so     as to intersect with the passageway 182 as shown in 35  Figure
11.  Accordingly, a loading chamber 184 located      above the diaphragm
144 is communicated through          WO 98/08150
PCT/US97/14605                                  -21-       passageways 182
and 180 to the cage interior 126.      Accordingly, when the diaphragm is
being moved from the      closed to the open position, the loading chamber
pressure in chamber 184 can be removed by being  5 aspirated through
passageways 182, 180 to the cage 



interior 126, so as to enable faster operation of the      diaphragm and
therefore a quicker regulator response      time. This aspirator technique
is, of course, useful      for all of the embodiments of the present
invention. 10             Figure 13 illustrates the incorporation of a
travel indicator 186 in  the regulator 114 of Figure 5.      Regulator 114
includes a valve stem 188 mounted within      the diaphragm mounting
assembly. The other portion of      valve stem 188 is slidably captured
within a guide 15  piece 190 which in turn is threadably engaged within
the bonnet 165. Thus, as the diaphragm 144 moves in      position, the
valve stem 188 is guided within the guide      piece 190.                At
the top of the valve stem 188 there is 20  provided a marker 192.  Position
indicators 194 are      provided on a scale member 196 which is threadably
engaged within the guide piece 190, such that the      scales 194 are
adjacent and cooperative with the marker      192 on the valve stem. Thus,
the travel position of 25   the elastomeric diaphragm 144 from the closed
to the      open position is indicated by the travel indicator 186      by
the position of marker 192 with respect to the      scales 194. Also, with
the guided valve stem 188 shown      in Figure 13, one could utilize
suitable limit 30  switches, microswitches, proximity switches, or other
microsensing devices to provide electronic sensing and     indication of
the valve position.                Figure 14 illustrates the regulator 114
of      Figure 5 with a guided valve stem 198 being guided by a 35  guide
piece 200 threadably engaging the bonnet 165.  A     valve actuator 202 is
mechanically coupled to the          WO 98/08150
PCT/US97/14605                                  -22-      guided valve stem
198 so as to mechanically actuate the     elastomeric diaphragm element 144
toward and away from     the cage cap openings 132. An actuating force is 



supplied through a loading pilot 203 and via a loading 5 pressure 204 to
actuator inlet 206. This actuator     system could be used for low
differential pressure     applications.                As an alternative,
the regulator 114 may be     used with a valve actuator in a self-operated
regulator 10  configuration using a control spring to obtain desired
control pressure settings.                Figure 15 shows a secondary seat
configuration provided for the regulator 114.  The      lower plug-like
diaphragm head 146 includes a resilient 15  annular sealing member, such as
an O-ring 210 which is      suitably mounted within a groove in the
diaphragm head.      The O-ring is slightly larger in diameter than the
interior diameter of the cage 124. Thus, as the      diaphragm head 146 is
lowered towards the top of cage 20   124, the O-ring 210 sealingly engages
the cage interior      upper portion 162 at an annular seat 212.  This
provides a primary shut-off for the regulator.                A secondary
shut-off is provided by the      previously described seating engagement of
elastomeric 25  diaphragm 144 at the raised sharp seat in the cap
portion of cage 124. The use of a primary and      secondary seat aids the
reliable shut-off of the      regulator and also reduces the seat load
required from      the regulator spring. In certain circumstances, the 30
elastomeric diaphragm element would not be required to      provide any
shut-off so that only the O-ring seat 212      would be needed.
To preform a flat elastomeric diaphragm      element into the desired
frustoconical shape, the flat 35  diaphragm could be trapped between two
contoured      retainers such as a lower diaphragm head and an upper
WO 98/08150                                      PCT/US97/14605
-23-       diaphragm plate to deflect the diaphragm element to the
desired configuration. In this case, the diaphragm 



retainers would be suitably contoured to form the flat      diaphragm to
the shape desired. This technique would  5  eliminate the need for any
special molded parts and      also increases the elastomeric compounds
which can be      used for the diaphragm element.                The
foregoing detailed description has been     given for clearness of
understanding only, and no 10  unnecessary limitations should be understood
therefrom,     as modifications will be obvious to those skilled in     the
art.           WO 98/08150
PCT/US97/14605                                  -24-       IN THE CLAIMS:
1.  A fluid control valve comprising:                a valve body having a
fluid inlet, a fluid      outlet, and a fluid passageway therebetween;  5
a cage member having a cage interior for      receiving fluid at one cage
end and a cap at the other      cage end having cap openings in fluid
communication      with said cage interior;                said cage member
mounted within said valve 10  body fluid passageway for passing fluid from
said valve      body fluid inlet through said cage interior, continuing
through said cap openings to said valve body fluid      outlet;
a flexible diaphragm mounted in said valve 15  body and flexibly movable
from adjacent said cap      openings to away from said cap openings in
controlling      the flow of fluid between said valve body fluid inlet
and fluid outlet; and                said flexible diaphragm including a
formed 20   convolution around the perimeter of said diaphragm,      said
formed convolution straightening as said flexible      diaphragm is moved
away from said cap openings to flex      said diaphragm to a substantially
dome-shaped fully      open position away from said cap openings to
increase 



25   the fluid flow capacity of said valve.                2. A fluid
control valve according to      claim 1, said cage further including a ring
seat formed      in said cap, and wherein said flexible diaphragm seals
said seat when adjacent said cap openings and unseals 30   said seat when
moved away from said cap openings.           WO 98/08150
PCT/US97/14605                                  -25-                 3.  A
fluid control valve according to   claim 2, including a diaphragm center
mounting     assembly, and wherein said diaphragm includes a central
portion mounted within said diaphragm center mounting  5  assembly, said
diaphragm center mounting assembly      including a diaphragm plate and
spring means for urging      said diaphragm plate to seat said diaphragm on
said      ring seat.                  4. A fluid control valve according to
10   claim 1, wherein said formed convolution comprises a      formed
concave portion straightening and becoming      convex to flex said
diaphragm to said fully open      position.                  5. A fluid
control valve according to 15   claim 1, wherein said formed convolution
comprises a     raised convolution which straightens to flex said
diaphragm to said fully open position.           WO 98/08150
PCT/US97/14605 



-26-                 6.  A fluid control valve comprising:                a
valve body having a fluid inlet, a fluid      outlet, and a fluid
passageway therebetween;                a cage member having a cage
interior for  5 receiving fluid at one cage end and a cap at the other
cage end having cap openings in fluid communication      with said cage
interior;                said cage member mounted within said valve
body fluid passageway for passing fluid from said valve 10  body fluid
inlet through said cage interior, continuing      through said cap openings
to said valve body fluid      outlet;                a flexible diaphragm
mounted in said valve      body and flexibly movable from adjacent said cap
15   openings to away from said cap openings in controlling      the flow
of fluid between said valve body fluid inlet      and fluid outlet; and
flow diverter means within said cage interior      to reduce the separation
of said fluid passing between 20   the other cage end and said cap openings
so as to      reduce the required flow recovery area as the fluid      flow
exits the other cage end and enters said cap      openings.
7. A fluid control valve according to 25   claim 6, wherein said flow
diverter means includes a      decreasing cage interior volume portion from
said one      cage end towards the other cage end followed by a
substantially constant cage interior volume portion      continuing to the
other cage end.          WO 98/08150
PCT/US97/14605                                  -27-  



8. A fluid control valve according to      claim 6, wherein said flow
diverter means includes a      decreasing cage interior volume portion from
said one      cage end towards the other cage end followed by a ledge  5
portion having a ledge projecting into the cage      interior continuing to
the other cage end.                  9. A fluid control valve according to
claim 8, wherein said ledge portion includes a      substantially constant
cage interior volume portion.   10             10.  A fluid control valve
according to      claim 6, including a raised seat on said cap between
said other cage end and said cap openings for fluid      sealingly engaging
said diaphragm to reliably prevent      fluid flow from said valve body
fluid inlet to said 15  fluid outlet.                  11. A fluid control
valve according to      claim 10, including a diaphragm center mounting
assembly, and wherein said diaphragm includes a central      portion
mounted within said diaphragm center mounting 20  assembly, said diaphragm
center mounting assembly      including a diaphragm plate and spring means
on one      side of said diaphragm for urging said diaphragm plate      to
seat said diaphragm on said raised seat.                  12. A fluid
control valve according to 25   claim 11, wherein said diaphragm center
mounting     assembly includes a diaphragm head on the other side of
said diaphragm having a protruding nose for deflecting     said fluid
passing through said cage interior.           WO 98/08150
PCT/US97/14605   



-28-                 13. A fluid control valve according to      claim 10,
including a retaining ring engaging said cap      for mounting said cage in
said valve body, said      retaining ring including flow blocking fingers
mating  5   with said cap openings to desirably reduce the flow
capacity of said fluid control valve.                  14. A fluid control
valve according to      claim 10, including a perforated member surrounding
said cage and intermediate the fluid flow from said cap 10   openings to
said valve body fluid outlet for      attenuating noise in said fluid flow.
15. A fluid control valve according to      claim 10, including a valve
stem engageably coupled to      the center of said diaphragm for moving
said diaphragm 15   towards and away from said cap openings, and stem guide
means in said valve body for guiding said valve stem     during movement
thereof.                  16. A fluid control valve according to      claim
15, including a travel indicator mounted to said 20  valve body and
cooperating with said valve stem to      indicate the opening position of
said valve.                  17. A fluid control valve according to
claim 15, including a valve actuator coupled to said      valve stem for
operatively moving said valve stem.   25             18.  A fluid control
valve according to      claim 6, including aspirator passageways for
communicating opposite sides of said flexible diaphragm      to each other.



WO 98/08150                                  PCT/US97/14605
-29-                 19. A fluid control valve according to    claim 6,
including a diaphragm mounting assembly for      mounting said diaphragm in
said valve body to define a      loading chamber on one side of said
diaphragm, and  5 aspirator passageways extending through said diaphragm
mounting means for communicating said loading chamber      to the opposite
side of said diaphragm.                  20. A fluid control valve
according to      claim 12, including a resilient sealing member mounted 10
in said diaphragm head for engaging said cage at said      other cage end
to provide a primary seat in reliably      preventing fluid flow from said
valve body fluid inlet      to said fluid outlet.                  21. A
fluid control valve according to 15  claim 10, wherein said raised seat is
located at a      stagnant flow area on said cap.                  22. A
fluid control valve according to      claim 21, wherein said raised seat is
formed with a      sharp seating edge for engaging said diaphragm.   20
23.  In a fluid pressure regulator having a      regulator body with a
fluid flow path through the      regulator body and a pressure throttling
area in the      fluid flow path for pressure regulating the flow, the
improvement comprising a flow diverter in the fluid 25   flow path before
the pressure throttling area to reduce      fluid flow separation around
the pressure throttling      area.      



WO 98/08150                                       PCT/US97/14605
-30-                24.  The fluid pressure regulator according     to
claim 23, including a raised seat located     intermediate the flow
diverter and the pressure     throttling area and in a position of stagnant
fluid 5   flow to reduce the build-up of contaminants on said     raised
seat.                 25. The fluid pressure regulator according     to
claim 24, wherein said raised seat is formed with a     sharp seating edge.


