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(57) Abrége/Abstract:

A regulator valve having a globe type valve body includes a deformable diaphragm for controlling the fluid flow between the a
fluid Iinlet and a fluid outlet. The deformation of the diaphragm, which is controlled by a pilot pressure introduced into a control
chamber within the valve, causes the diaphragm to selectively covers and uncovers a plurality of apertures in a frustoconical
baffle to control the flow through the valve. The valve includes a first diaphragm support provided in the control chamber and a
second diaphragm support provided on the opposite side of the diaphragm. The second diaphragm support comprises a

plurality of concentric cylinders and cross members which form an upper concave surface to correspond to a convex portion of
the diaphragm so that the diaphragm iIs substantially uniformly supported.

AR .
ey . RN
et '\'l'.'.
Ao ¥,
e [ [ [ 4
e .
R0

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

2098801

REGULATOR VALVE WITH DIAPHRAGM SUPPORT

Abstract of the Disclosure

A regulator valve having a globe type valve body includes a deformable
diaphragm for controlling the fluid flow between the a fluid inlet and a fluid
outlet. The deformation of the diaphragm, which is controlled by a pilot
pressure introduced into a control chamber within the valve, causes the
diaphragm to selectively covers and uncovers a plurality of apertures 1n a
frustoconical baffle to control the flow through the valve. The valve includes a
first diaphragm support provided in the control chamber and a second
diaphragm support provided on the opposite side of the diaphragm. The
second diaphragm support comprises a plurality of concentric cylinders and
cross members which form an upper concave surface to correspond to a
convex portion of the diaphragm so that the diaphragm is substantially

uniformly supported.
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Background Of The Invention

This invention relates generally to a regulator valve which incorporates a

diaphragm to control the flow of fluid through the valve and diaphragm support

5 means for preventing rupture of the diaphragm.
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It is well known in the art that a regulator valve may incorporate a
deformable elastomeric diaphragm that is used to control the magnitude of fluid
flow through the valve. Such valves are disclosed in U.S. Patent No. 4,624,442,
entitled "Contrbl Regulator Having a Rolling Diaphragm", and U.S. Patent No.
4,619,436, entitled "Control Regulator Having a Fabric Reinforced Diaphragm,”
both of which are assigned to Fisher Controls International, Inc. To control the
flow in such é valve, the diaphragm is controllably deformed, or moved, so that it .
selectively covers or uncovers a plurality of apertures in a baffle positioned '
between an upstream fluid inlet and a downstream fluid outlet. The extent to which
the apertures are covered by the diaphragm determines the flow rate through the
baffle, and thus the valve. ’

The movement of the diaphragm, and thus the flow rate through the valve,
may be controlled by a pilot pressure supplied to a control chamber in fluid

- communication with one side of the diaphragm. The pilot pressure may be based

upon the difference between the fluid inlet and outlet pressures. A diaphragm
support element may be included in the control chamber to provide a surface
againSt which the diaphragm may abut to help control its movement.

It is possible for the above-described valves to be improberly used under

certain circumstances, such as during "startup." Prior to startup, a regulator

valve may be fluidly isolated from the pipeline or conduit to which it is attached

by three shutoff valves: an upstream shutoff valve fluidly coupled to the

regulator valve inlet, a downstream shutoff valve coupled to the regulator
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valve outlet, and a pilot shutoff valve. During startup, these three shutoff
valves are opened to fluidly couple the regulator valve to the pipeline. During
the startup procedure, the inlet shutoff valve should be opened prior to the
opening of the pilot shutoff valve. Opening those two valves in that sequence
will temporarily cause a relatively large pressure differential across the
diaphragm. That pressure differential, although it may be several hundred
pounds per square inch (psi), will not rupture the diaphragm because the
diaphragm will be supported by the diaphragm support element in the control
chamber of the regulator valve.

However, if the fluid inlet and pilot shutoff valves are opened in the
wrong sequence during startup, with the pilot shutoff valve being opened first,
a relatively large differential pressure may be exerted across the diaphragm in
the opposite direction, in which case the resultant force may cause the
diaphragm to rupture. The consequences of diaphragm rupture can be sertous,
causing at least the delay and expense of replacing the diaphragm and perhaps

safety hazards or environmental damage.

Summary of the Invention

The present invention is directed to a regulator valve with a valve body
having a fluid inlet and a fluid outlet and a control chamber formed in the
valve body. A baffle having a plurality of apertures formed therein 18
interposed between the fluid inlet and the fluid outlet. A diaphragm having a
convex portion is provided adjacent the apertures in the baffle and 1s
responsive to a pilot or control pressure in the control chamber to selectively
cover or uncover the apertures in the baffle to control the magnitude of the
fluid flow through the valve. A first diaphragm support means is provided on
one side of the diaphragm, and a second diaphragm support means, through
which fluid flows, is provided on the other side of the diaphragm. The second

diaphragm support means 1s concave to substantially correspond to the convex
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portion of the diaphragm so that it engages and supports the convex portion of
the diaphragm when there is a positive differential pressure across the
diaphragm.

In one embodiment, the second diaphragm support means may comprise
a plurality of concentric support cylinders and a plurality of cross members
interconnecting the concentric support cylinders, with the height of the support
cylinders progressively increasing from the center of the second diaphragm
support means to the outer portions of the second diaphragm support means,
and with the height of the cross xﬁembers progressively increasing from the
center of the second diaphragm support means to the outer portions of the
second diaphragm support means.

The features and advantages of the present invention will be apparent to
those of ordinary skill in the art in view of the detailed description of the
preferred embodiments, which is made with reference to the drawings, a brief

description of which is provided below.

Brief Description of the Drawings

Fig. 1 is a cross section of a preferred embodiment of a regulator valve
having a baffle with a lower diaphragm support in accordance with the present
invention;

Fig. 2 is a perspective view of the baffle and lower diaphragm support
of Fig. 1;

Fig. 3 is a cross section of a portion of the regulator valve of Fig. 1
when the regulator valve is partially open to allow partial flow therethrough;

Fig. 4 is a cross section of a portion of the regulator valve of Fig. 1
when the regulator valve is fully open to allow maximum flow therethrough;
and

Fig. 5 is a perspective view of the baffle and lower diaphragm support

with a trim plate fixed thereto to limit the fluid flow through the valve.
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Description of the Preferred Embodiment

Referring to Fig. 1, a valve body 10 of the globe type includes an
upstream fluid inlet 11, a downstream fluid outlet 12 and a pair of mounting
flanges 13 and 14. Details of these portions of the valve body are unimportant
to the invention and will not be elaborated upon. Suffice it to say that flanges
13 and 14 include a plurality of mounting holes for supporting the valve body
in a pipeline with mating surfaces 15 and 16 in sealing engagement with
mating surfaces in corresponding pipeline flanges (not shown). The valve
body is non-unitary, and includes a bonnet 17 secured to the lower portion of
the valve body by a plurality of nuts 20 on studs 19. The studs pass through a
corresponding plurality of holes 18 in the bonnet and are secured in the valve
body by means of stud supports 21 which, as illustrated, may be threaded
holes in the body. Here again it will be appreciated that any number of
mounting techniques for removably affixing a bonnet to the lower portion of
the valve body may be used, with the stud and nut approach merely being
Alustrative of one construction. Removable bonnet 17 is oriented at right
angles to the valve flow axis and permits removal of internal components of
the valve for servicing without the necessity of removing the entire valve from
the pipeline.

Interposed between upstream inlet 11 and downstream outlet 12 15 a
baffle 23 including a frustoconical cage portion 24 defining a plurality of slots
or flow apertures 25 therein. The edges of the slots are preferably rounded
and otherwise free of sharp surfaces to enhance the life of a contacting,
generally spherically shaped diaphragm 32. The diaphragm in Fig. 1 1s shown
in the fully closed position with the slots 25 being fully covered by the
diaphragm to prevent fluid flow from the fluid inlet 11 to the fluid outlet 12 of
the valve. Fig. 1 illustrates the natural, undeformed shape of the diaphragm

37 when there is no substantial differential pressure across the diaphragm 32.
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The bottom portion of baffle 23 rests in a circular recess 26 of the
valve body and is sealed to the valve body by compression of an O-ring 27
situated between the rounded bottom portion of baffle 23 and the bottom and
side wall of recess 26. A generally cylindrically shaped retainer 30 is
positioned above and in contact with the upper peripheral edge of the
frustroconical cage portion 24 and includes an outwardly protruding recessed
annular lip 28 for captivating and sealing the peripheral edge of diaphragm 32
therebetween. A gasket 29 is provided between a mating surface on the lower
portion of bonnet 17 and a corresponding mating surface on the upper part of
the retainer 30. When bonnet 17 is placed in position and nuts 20 tightened on
studs 19, gasket 29, O-ring 27 and the peripheral edge of diaphragm 32 are
compressed to provide respective fluid tight seals. In the same manner, the
upper, smaller diameter portion of retainer 30 includes an annual groove in
which an O-ring 41 is positioned for providing an edge seal with the
cylindrical wall of a circular recess 40 in bonnet 17. The provision of the
above mentioned seals assures that there is no fluid communication between the
upstream inlet and the downstream outlet except by means of the diaphragm 32
and baffle slots 25.

A movable cone-shaped nose piece 34 is mounted for axial movement
in a deep circular recess 39 in retainer 30 in confronting relationship with
diaphragm 32. The nose piece 34 is affixed by any convenient means 35 to a
shaft 36 and is spring loaded by a compression spring 38, and thus nose piece
34 is urged downwardly toward the center of diaphragm 32. A head 42 on
shaft 36 limits the downward movement of nose 34 by contacting the top of
retainer 30 which has a circular hole through which shaft 36 passes. As
shown, head 42, shaft 36 and retainer means 35 may simply take the form of a
shoulder bolt threadingly engaging nose piece 34. An orifice 31 in the top of
retainer 30 enables pilot pressure from an inlet 55 to pass mnto a control

chamber 33 provided in the regulator vatve. The pilot pressure (indicated by a
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broken line arrow A) is communicated to the inner surface of diaphragm 32
through a passage 37 in retainer 30.

An indicator shaft 44 contacts the top of head 42 on shaft 36 and
extends through a cap 46 secured to the top of bonnet 17 by means of a

threaded connection 46a or by any other suitable mounting arrangement. Cap

46 has an axially directed aperture 45 through which indicator shaft 44
protrudes. An O-ring 43 in a circular recess in the bottom of cap 46 provides
a sealing engagement between the aperture wall and indicator shaft 44. A
backing piece 47 is interposed between the bottom of cap 46 and a light
compression spring 49 to provide a bias for maintaining the lower end of
indicator shaft 44 in contact with head 42. A travel indicator 48 is affixed to
the top of indicator shaft 44 and provides a convenient mechanism for visually
indicating the amount that the regulator valve is open to flow. The travel
indicator may be a stem, as shown, or may include a backup indicator plate, 1t
desired.

A lower diaphragm support 50 is provided below the diaphragm 32.
The support 50 is formed integrally with the baffle 23 so that the baffle 23 and
diaphragm support form a unitary body. Alternatively, the support 50 could
be provided as a separate element from the bafile 23, in which case the outer
diameter of the diaphragm support 50 would generally correspond in size with
the annular recess in the baffle 23.

The upper surface or portion of the diaphragm support 50 is concavely
curved to generally coincide with the convex shape of the bottom portion of
the diaphragm 32 in its position shown in Fig. 1. The diaphragm support 50
has relatively large flow apertures 52 that run along 1ts length from 1its upper
surface to its lower surface, as shown in Fig. 1, to facilitate fluid flow
therethrough. When the diaphragm 32 is controlled to uncover the apertures

725 in the baffle 23, fluid flows through the valve from the fluid inlet 11,
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through the apertures 52 in the diaphragm support 50, through the apertures 25
in the baffle 23 and to the fluid outlet 12.

The diaphragm support 50, a perspective view of which is shown in
Fig. 2, comprises a number of concentric cylinders 54 and cross members 56
which connect the cylinders 54 together to define the fiow apertures 52
between the cylinders 54. The cylinders 54 are tallest towards the outermost
portions of the support 50 and decrease in height towards the middle of the
support 50 (as shown in Figs. 1, 3 and 4) In order to define the concavely
curved upper surface of the support 50. The height of the cross members 56
similarly decreases towards the center of the support 50 to define the curved
upper surface of the support 50 as shown in Figs. 1, 3 and 4.

The concave upper surface of the diaphragm support 50 provides
substantially uniform support to the corresponding convex portion of the
diaphragm 32. Because all areas of the diaphragm 32 are supported generally
equally, rupture or permanent deformation of the diaphragm is prevented.
When there is no pressure differential across the diaphragm, the concave upper
surface of the diaphragm support 50 may either be in contact with, or in close
proximity to, the lower convex surface ot the diaphragm 32. When there 1s a
positive differential pressure across the diaphragm 32, defined herein as the
case where the fluid pressure on the upper side of the diaphragm 32 (in flud
communication with the control chamber 33) is greater than the pressure on the
lower side of the diaphragm, the diaphragm engages and is fully supported by
the upper concave surface of the diaphragm support 50.

The diaphragm support 50 does not present any substantial resistance to
fluid flow. When the diaphragm support 50 in accordance with the present
invention is incorporated into a regulator valve, the reduction in flow through
the valve when the valve is fully open is less than about ten percent, and 1S
preferably less than about five percent. T hat reduction in flow is measured by

determining the magnitude of the fluid flow through the valve without the
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diaphragm support 50 present, and comparing that with the magnitude of the
flow through the valve with the diaphragm support 50 present. Both flow
measurements are made with the valve fully open.

A hemispherical screen or filter 51 is secured in the fluid inlet 11
directly below the diaphragm support 50 to provide screening or filtering of the
fluid passing through the valve. The screen 51 1s secured in place by a washer
53 attached to the screen 51. The washer 53 is provided in the circular recess
26 in the valve body. If a screen or filter is not used, a shim (not shown)
having the same dimensions as the washer 53 may be provided in place of the
washer 53 so that the relative heights of the various components of the valve
are the same as those in a valve in which a filter is used.

Referring to Fig. 1, fluid is supplied to the fluid inlet 11 via an inlet
fluid line 60 having a shutoff valve 62. The inlet fluid line 60 1s connected to

an upstream pressure line 64 having a shutoff valve 66 and a variable restrictor
68. Fluid exits the valve via a outlet fluid line 70 connected to the fluid outlet
12 and having a shutoff valve 72. The outlet fluid line 70 is connected to a
downstream pressure line 74.

The upstream and downstream pressure lines 64, 74 are connected to a
pilot control valve 80 schematically shown in Fig. 1. The pilot pressure
control valve 80 generates a control, or pilot, fluid pressure based upon the
magnitude of the upstream and downstream pressures supplied to the control
valve 80 from the lines 64, 74. Pilot fluid is supplied to the pilot inlet 55
formed in the bonnet 17 via a pilot line 84. The pressure of the pilot fluid
supplied via the.pilot line 84 is used to control the magnitude of the fluid tlow
through the valve by controlling the movement of the diaphragm 32. As
illustrated by arrow A, the pilot fluid pressure communicates with control
chamber 33, which opens to the interior of retainer 30 by means of orifice 31
and extends through a passageway 37 behind diaphragm 32 and in front of

nose piece 34. As the pilot pressure is increased, the diaphragm is moved to
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cover a greater portion of each of the slots 25. In Fig. 1, the valve 1S 1n a
closed position with diaphragm 12 fully covering each of the slots 25.

Bleed fluid is carried from the pilot control valve 80 to a bleed inlet 90
via a bleed line 92. The bleed fluid passes through bleed inlet 90 to a bleed
channel 94 formed in the interior of the valve and passes to the fluid outlet 12,
as indicated by a broken line arrow B.

Any type of pilot valve 80 may be used in connection with the valve
described herein, and any particular method of control may be used. For
example, the pilot valve 80 may control the flow of fluid through the valve to
keep a predetermined pressure differential between the upstream and
downstream pressures. Other methods of control may be used.

Fig. 3 illustrates the valve in a partially open position with a portion of
diaphragm 32 being rolled back against nose cone 34 and exposing portions of
slots 25. The diaphragm is moved to this position by a decrease in the pilot
pressure in the face of upstream pressure on the other side of the diaphragm
and forces nose cone 34 to move upwardly into retainer 30, causing shaft 36 to
move indicator shaft 44 and travel indicator 48. Since nose cone 34 1s
contacted by the center of the diaphragm almost immediately after the pilot
pressure is decreased, diaphragm movement is very closely controlled as 1t
drapes over the surface of the nose cone and forces it to move. As a result,
any tendency of the diaphragm to fold over or become pinched is eliminated.

In Fig. 4, the fully open position of the valve is illustrated with
diaphragm 32 being draped over substantially the full frontal surface of
movable nose cone 34. In this position the full areas of the slots 25 are
exposed to enable full flow from the upsiream inlet to the downstream outlet
through the baffle 23. It should be noted that the "arc length" of spherical
diaphragm 32, that is, the distance over the surface of the diaphragm between
diametrically opposed points on its peripheral lip, is equal to the distance

between these points measured along the surface of retainer 30 and across nose
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cone 34. This dimensioning permits a strong fabric reinforced non-streich
diaphragm to be used. Since the diaphragm 18 fabric-reinforced and non-
stretchable, it must be capable of covering the full extent of the baffle
apertures to insure tight closure. The fabric reinforcement also aids 1n
minimizing extrusion of the diaphragm into the apertures of the baffle.

It will also be appreciated by those skilled in the art that the spring
loading of nose cone 34 assists in shut-off of the valve. As pilot pressure in
the control chamber is increased for shut-off, spring 38 moves the nose cone o
help drive the diaphragm toward its position. Thus, nearly all movement of
the diaphragm occurs with at least a portion of the diaphragm being draped
over and supported by nose cone 34. Only at the final closure position
illustrated in Fig. 1, does the diaphragm leave contact with the nose cone.
Thus, any tendency for pinching or foldover of the diaphragm is drastically
curtailed.

The provision of the lower diaphragm support 50 will prevent rupture
or permanent deformation or damage to the diaphragm 32 when the diaphragm
is subject to large positive differential pressures. One case in which a large
positive differential pressure may occur is during startup of the valve where the
startup procedure is performed improperly.

Start-up of the valve occurs when it 1s installed in a pipeline to initiate
flow through the valve. To properly initiate flow through the valve, first the
upstream shutoff valve 62 should be opened, then the pilot shutoff valve 66
should be opened, and finally the downstream shutoff valve 72 should be
opened. Initially, when the upstream valve 62 is opened, fluid pressure is
supplied upwards against the diaphragm 32, in which case the diaphragm
engages and is supported by the nose piece 34. Then the pilot shutoff valve 66
is opened, and then the downstream shutoff valve 72 is opened. Since the

upstream shutoff valve 62 is opened prior to the pilot shutoff valve 66, there 1S
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no substantial positive differential pressure across the diaphragm 32 that would
force it downwards, away from the nose piece 34.

However, if the start-up procedure is performed improperly and the
pilot shutoff valve 66 is opened prior to the upstream shutoff valve 62, a large
positive differential pressure may be generated across the diaphragm 32,
forcing it downwards. Although that differential pressure could be very large,
such as hundreds of pounds per square inch, the diaphragm 32 will not be
ruptured or permanently deformed since the lower diaphragm support 50 will
support the lower portion of the diaphragm.

The valve construction described herein, which may be used for liquids
or gases, has many additional advantageous characteristics. The globe valve
type body arrangement enables ready servicing of the regulator valve by
simply undoing the bonnet and removing the entire regulator valve for
refurbishing, cleaning or the like. This feature eliminates the need to remove
the line bolting and break into the pipeline. Further, the provision of a travel
indicator that functions in response to movement of the nose cone provides a
visual indication of the amount that the valve has been opened or closed. The
non-stretchable diaphragm of reinforced fabric eliminates the tendency for
pinching and fold-over and is suitable for use in large temperature extremes
and with many caustic solutions and gases. The reinforced fabric diaphragm
a1so resists extrusion into the baffle slots 25 and, as a consequence, has an
enhanced service life. While many materials may be used, the diaphragm of
the preferred embodiment includes a Dacron fabric embedded in a synthetic
rubber.

In some cases, it may be desirable to restrict the magnitude of the flow
through the regulator valve to a lower limit than that which the valve would
normally be provided. As an example, if the flow capability of the regulator

valve was reduced, a smaller relief valve downstream could be used, as would
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be appreciated by those skilled in the art. In order to restrict the flow through
the regulator valve of the preferred embodiment, a trim plate could be used.

Referring to Fig. 5, a trim plate 100 is shown fixed to the bottom of the
baffle 23. The trim plate 100 is a solid plate having five holes or apertures
formed therein. The trim plate may be fixed to the bottom portion of the
baffle 23 by any means, such as welding or soldering.

Although the trim plate 100 is shown to have five holes, any number of
holes may be provided. The number and size of the holes in the trim plate
depends upon the extent to which the flow through the valve is to be limited.
To limit the flow to a relatively small value, only a few holes of a relatively
small size should be used. To limit the flow to a higher value, more holes of
a larger diameter would be provided. For example, eight evenly spaced holes
of equal size could be provided around the circumference of the trim plate with
2 ninth hole of the same size provided in the center of the trim plate.
Regardless of the number of holes and the diameter of the holes that are used,
the holes should be evenly distributed about the trim plate so as 10 produce
substantially uniform flow.

Many modifications and alternative embodiments of the invention will
be apparent to those of ordinary skill in the art in view of the foregoing
description of the preferred embodiment. This description is to be construed
as illustrative only, and is for the purpose of teaching those skilled in the art
the best mode of carrying out the invention. The details of the structure may
be varied substantially without departing from the spirit of the invention, and
the exclusive use of all modifications which come within the scope of the

appended claims is reserved.
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CLAIMS:

1.

A regulator valve comprisingf
a valve body having an upstream fluid inlet and a
dbwné-trea~m fluid ouﬂet;
a control chamber in said valve body;
a baffle interposed between said fluid inlet and said fluid
outlet and having a plurality of apertures formed therein;
a diaphragm having two sides and arranged for movement
with respect to said apertures in said baffle, the movement of said

diaphragm being responsive to a pilot pressure in said control

chamber to variably cover and uncover said apertures in said baffle

to control fluid flow through said valve;

first diaphragm support means provided in said valve body on
a first of said two sides of said diaphragm and being in fluid
communication with said control chamber; and

second diaphragm support means provided in said valve body
on a second of said two sides of said diaphragm, said second
diaphragm support means being provided between said fluid inlet

and said fluid outlet to allow fluid flow through said second

diaphragm support means, said second diaphragm support means

engaging and substantially uniformly supporting said diaphragm
when there is a positive pressure differential across said diaphragm,
said second diaphragm support means comprising a plurality

of concentric support cylinders and a plurality of cross members

interconnecting said support cylinders, the height of said diaphragm

support cylinders progressively increasing from the center of said
second diaphragm support means to the outer portions of said
second diaphragm support means, and the height of said

cross members progressively increasing from the center of said
second diaphragm support means to the outer portions of said

second diaphragm support means.
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A valve as defined in claim 1 wherein s'aidf' batffle and said second

diaphragm support means are part of a unitary element.

A valve as defined in claim 2 wherein said diaphragm is reinforced

and substantially non-stretchable.

A valve as defined in claim 1 wherein said first diaphragm support
means comprises a nose piece that is movable with respect to said
baffle. ’

A valve as defined in claim 4 wherein said first diaphragm support
means includes a spring that biases said nose piece towards said

diaphragm.

A valve as defined in claim 5 wherein a portion of said diaphragm is
convex in shape when there is no differential .pressure- across said
diaphragm and wherein the top portions of said support cylinders
and said cross members form a concave surface generally

corresponding to the convex shape of said diaphragm portion.

A valve as defined in claim 1 additionally comprising a trim plate
- coupled to said second diaphragm support means for limiting the

flow of fluid through said valve.

A valve as defined in claim 1 wherein said valye body is non-unitary
“to allow at least said diaphragm and said baffle to be removed from
the valve without the need to remove the valve from a pipeline or

conduit to which it may be attached.
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‘A regulator valve comprising:

a valve body having an upstream fluid inlet and a
do:wnstream fluid outlet;

a control chamber in said valve body;f

a frustoconical baffle interposed between said fluid inlet and
said fluid outlet and having a plurality of apertures formed therein;

a diaphragm having two sides and arranged for movement
with respect to said apertures in said baffle, the movement of said
diaphragm being resp'onsive to a pilot pressure in said control
chamber to variably cover and uncover said apertures in said baffle
to control fluid flow through said valve, said diaphragm having a ‘ .
first portion with a shape generally corresponding to that of said
- frustoconical baffle, said diaphragm having a second portion with a
convex shape;

first diaphragm support means provided in said valve body on
a first of said two sides of said diaphragm and being in fluid
communication with said control chamber; and

second diaphragm support means prcwided in said valve body
on a second of said two sides of said diaphragm, said second
diaphragm support means being provided between said fluid inlet
~and said fluid outlet to allow fluid flow through said second

diaphragm support means, said second diaphragm support means

being ccn.éave and substantially corresponding with the c-'om)ex
second portion of said diaphragm, '

said second diaphragm support means engaging and
's.u-bsta'ntia‘;l.ly uniformly supporting said diaphragm when there is a
positive pressure differential across said diaphragm, said second
diaphragm support means comprising a plurality of concentric

cylinders joined together by at least two cross members so that
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said cylinders and cross members define slots which allow fluid

communication between said fluid inlet and said fluid outlet.

A valve as defined in claim 9 wherein said valve body is non-unitary
to allow at least said diaphragm and said baffle to be removed from

the valve without the need to remove the valve from a pipeline or

conduit to which it may be attached.

A valve as defined in claim 9 wherein the structure of said second
diaphragm support means reduces the flow through the valve by no

more than about ten percent when the valve is fully open.

A valve as defined in claim 9 wherein the structure of said second

diaphragm support means reduces the flow through the valve by no

more than about five percent when the valve is fully open.
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13. A regulator valve comprising:

a valve body having an Upstream fluid inlet and a
downstream fiuid outlet;
a control chamber i'n said valve body;
- a frusgtoconical baffle interposed between said fluid inlet and
said fluid outlet and having a plurality of apertures formed therein;
a diaphragm having two sides and arranged for movement

with respect to said apertures in said baffle, the movement of said

diaphragm being responsive to a pilot pressure in said control

- chamber to variably cover and uncover said apertures in said baffle

to control fluid flow through said valve, said diaphragm having a
flrst portion with a shape generally corresponding to' that of said
frustoconical baffle, said diaphragm having a second portion with a
convex shape; '

first diaphragm support means provided in said valve body on
a first of said two sides of said diaphragm and being in fluid
communication with said 'con-trol- chamber; and

second diaphragm support means provided in said valve body
on a second of said two sides of said diaphragm, said second

diaphragm support means being provided between said fluid inlet

and said fluid outlet to allow fluid 'ﬂ-ow through said second

diaphragm support means, said second diaphragm support means
being concave and substantially corresponding with the convex
second portion of said diaphragm,

said second diaphragm support means engaging and

substantially uniformly supporting said diaphragm when there is a

positive pressure differential across said diaphragm, said second

diaphragm support means comprising a plurality of concentric
support cylinders and a plurality of cross members interconnecting

said support cylinders, the height of said support cylinders
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-~.prog'reséivel-y increasing frofn the center of fsaid second diaphragm
support means to the outer portions of said second diaphragm
support means, and the height of said crbs:;. members progressively
increasing from the center of said second diaphragm support means

to the outer portions of said second diaphragm support means.
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