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(57) Abstract: A pneumatic device (24) having a selectively variable pneumatic output comprises an inlet connectable to an air
source and an outlet disposed in a flow path, a control assembly in the flow path and having a plurality of differently sized primary

N orifi (28a-28h) . The control assembly includes a selector (30) having a secondary orifice (39) , the selector moveable relative to

the primary orifi between a plurality of positions, the primary orifi and the secondary orifice arrangeable relative to one another to
permit the secondary orifice to be in flow communication with a selected one of the primary orifi. The control assembly further
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PNEUMATIC DEVICE HAVING A SELECTIVELY VARIABLE ORIFICE
Kield of the Invention

[0001] . The present invention relates generally to pneumatic devices such -as pressure
transducers and, more particularly, to a pneumatic device having a selectively variable orifice

assembly for providing a selected pneumatic output signal.

Background of the Invention

[0002] In pneumatic devices such as an electro-pneumatic transducer, it is necessary to
convert an electrical signal to a proportional pneumatic output signal termed a pneumatic
current. Such devices are typically referred to as “current-to-pressure” transducers. In such
devices, a pressurized air supply is supplied to an air inlet, and {his air supply must be
converted within the device 1o a desired pneumatic current.

[0003] Aglditionally, electro-pneumatic transducers have dynamic characteristics that
dictate how quickly the pneumatic current can be increased and/or decreased at the transducer
output. This is generally termed the dynamic performance of the electro-pneumatic
transducer. Typically, electro-pneumatic transducers use fixed restrictions within the
pneumatic circuit that create a single dynamic characteristic or fixed dynamig performance
within the transducer. Thus, there exists a continuing need for more control and selectability

over the pneumatic output from the electro-pneumatic transducer.

Summary of the Invention

[0004] In accordance with an aspect of the invention, a pneumatic device having a
selectively variable pneumatic output comprises an air chamber having an inlet adapted for
connection to a source of pressurized air and an outlet, the inlet and the outlet in flow
communication along a flow path. An orifice plate is disposed in the flow path between the
inlet and the outlet and includes a first primary orifice having a first size and a second
primary orifice having a second size. A selector plate is disposed adjacent to the orifice plate

and includes a control orifice, the selector plate and the orifice plate moveable relative to

1
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each other between a first position in which the control orifice is aligned with the first
primary orifice to permit flow through the first primary orifice and the control orifice while
- blocking flow through the second primary orifice, and a second position in which the control
orifice is aligned with the second primary orifice to permit flow through the second primary
orifice and the control orifice while blocking flow through the first primary orifice.
[0005] In further accordance with a preferred embodiment, the orifice plate and the
selector plate comprise concentric discs, and a seal or seal plate may be formed or otherwise
disposed between the orifice plate and the selector plate, and having a through hole aligned
with the control orifice of the selector plate. Preferably, the onfice plate and the selector
plate are attached by a removable fastener.
[0006] The air chamber includes an access port having a removable cover, and wherein the
orifice plate and the selector plate are removable through the access port. Preferably, O-rings
are provided inside the chamber to provide suitable sealing. A filter may be disposed in the
flow path, with the filter sized to abut at least one of the selector plate and the orifice plate.
The O-rings may be sized to assist maintaining the filter and/or the orifice assembly in
position.
[0007] Still preferably, each of the selector plate, the orifice plate and the seal plate
includes a mounting aperture, and the mounting apertures may be axially aligned. A fastener
may operatively and removably connect the orifice plate and the selector plate, with the
fastener arranged to permit changing the orifice plate and the selector plate between the first
position and the second positions.
[0008] In accordance with another aspect of the invention, a pneumatic device having a
selectively variable pneumatic output comprises an inlet adapted for connection to a source of
pressurized air and an outle;c, the inlet and the outlet in flow communication along a flow

path. A variable orifice plate is disposed in the flow path between the inlet and the outlet,
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with the variable orifice plate including a plurality of differently sized primary orifices. A selector
plate 1s operatively associated with the variable orifice plate and includes a secondary orifice. The
selector plate and the variable orifice plate are moveable relative to each other between a plurality
of positions, with the primary orifices arranged on the variable orifice plate to permit the secondary
orifice of the selector plate to be selectively aligned with any one of the primary orifices while
blocking the remaining primary orifices.

[0009]  In accordance with yet another aspect of the invention, A pneumatic device having a
selectively variable pneumatic output comprises an inlet connectable to an air source and an outlet .
disposed in a flow path, a control assembly in the flow path and having a plurality of differently
sized primary orifices. The control assembly includes a selector having a secondary orifice, the
selector moveable relative to the primary orifice between a plurality of positions, the primary
orifices and the secondary orifice arrangeable relative to one another to permit the secondéry orifice
to be in ﬂoQ communication with a selected one of the primary orifices. The control assembly

further blocks the remaining primary orifices when the secondary orifice is aligned with the selected

one of the primary orifices.

Brief Description of the Drawings

[0010] Figure.l 1s a perspective view of a pneumatic device incorporating a selectively variable
orifice assembly assembled in accordance with the teachings of the present invention.

[001 1] Figure 2 is an enlarged exploded vi.ew In perspective of a selectively variable orifice
assembly.

[0012]  Figure 3 is an enlarged pefspective view of the \selectively.variable orifice assembly.

[0013] Figure 4 is another enlarged perspective view of the selectively variable orifice

assembly.
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[0014] Figure 5 is an enlarged perspective view of the selectively variable orifice assembly
shown adjacent to a cylindrical chamber in the pneumatic device.

[0015] Figure 6 is an enlarged fragmentary perspective view, partly in section, of the pneumatic
device of Figure 1 and illustrating the selectively variable orifice assembly disposed in the
cylindrical chamber.

[0016] Figure 7 is an enlarged cross-sectional view illustrating the selectively variable orifice
assembly disposed in the cylindrical chamber.

[{0017] Figure 8 is a perspectivé view, to cut away, illustrating the selectively variable orifice
assembly disposed inside the pneumatic device.

Detailed Description of the Disclosed Example

[0018] Reterring now to the drawings, Figure 1 shows a pneumatic device 10, which may take
' the form of a pressure transducer. The pressure transducer 10 1s connected to a suitable air supply
12 illustrated schematically in Figure 1. Such a pressure transducer 10 typically converts an
incoming pneumatic signal supplied by the air supply 12 at, for example, typically in the range of
20 psig, to a desired output pneumatic current.

[0019] Réferring now to Figures 6-7, the pressure transducer 10 includes a body 14 having a
cylindrical chamb.er 16, which 1s disposed 1n a flow path 18 which extends generally between an
inlet bore 20 and an outlet bore 22. The inlet bore 20 is inflow communication with the air supply
12. A selectively variable orifice assembly assembled in accordance with the teachings of the
present invention is shown and is generally referred to by the reference 24. As shown in Figures 5-
8, the orifice assembly 24 is sized for insertion inside the cylindrical chamber 1é.

[0020] Referring now to Figure 2, the orifice assembly 24 is shown and includes an orifice plate
28, a selector plate 30, and a seal 32 The orifice plate 28 includes a plurality of through holes or

primary orifices 28a through 28h. The orifice plate 28 may include additional or fewer primary
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orifices as desired. The orifice plate 28 further includes a central mounting aperture 34 provided
with suitable threads 36. The selector plate 30 includes a control orifice 38 and a central mounting
aperture 40 surrounded by a raised flange 41. The seal 32 includes an orifice 42 and a central
mounting aperture 44.

[0021] Preferably, orifice plate 28, the selector plate 30 and the seal 32 are each generally disk-
shaped, and the mounting apertures 34, 40, and 44 are located such that the apertures may be axially
aligned such that the orifice plate 28, the selector plate 30, the seal 32 may be connected to one
another (such as is shown in Figure 3 and 4) using a suitable fastener 46 and an optional washer 48.
It will be appreciated that, when assembled as shown in Figures 3 and 4, the fastener 46 will engage
the threads 36 on the orifice plate 28.

[0022] It will also be appreciated that, when the orifice asserﬁbly 24 is situated as shown, the
control orifice 38, the orifice 42 and a selected one of the primary orifices 28a through 28h may be
aligned along a single axis A. In the example shown, an aXis A of the control orifice 38 on the
selector plate 30 is aligned with an axis A , of the orifice 42 on the seal 32 and with an axis A ;of
the primary orifice 28a of the orifice plate 28. It will be appreciated that the orifice assembly 24
may be with the assembled such that another one of the primary orifice 28b through 28h is aligned
with the control orifice 38 and the orifice 42.

[0023] In the disclosed example, it will be appreciated that the orifice plate 28, the selector plate
30, and the seal 30 all take the form of concentric disks. Other suitable shapes may be chosen, and
the orifice plate 28, the selector plate 30, and the seal 32 may each be a different shape relative to
one another. Further, it will be appreciated that the seal 32 is preferably formed from a resilient
material such as rubber. Other materials may prove suitable.

[0024]  Referring now to Figures 5-8, the cylindrical chamber 16 includes an inner end 16a

(obscured n Fig. 5) and an outer end 16b. The cylindrical chamber 16 is disposed in the body 14
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such that the outer end 16b of the cylindrical chamber 16 defines an access port 47 which may be
covered by a removable cover 49. The removable cover 49 may be attached by suitable fasteners.
[0025]  The cylindrical chamber 16 is sized to receive~ a pair of O-rings 50, 52 and an air filter
>4. The air filter 54 is preferably cylindrical and includes a generally cylindrical inner bore 56. Still-
preferably, and referring now to Figs. 6-8, the air ﬁlter' 54 includes an outer diameter D; which
measures slightly less then a diameter D, of the cylindrical chamber 16. Due to the difference
between the diameters D; and D,, an annular gap 58 is defined between an outer surface 60 of the
air filter 54 and the inner surface 62 of the cylindrical chamber 16.

[0026] The removable cover 49 includes a generally circular seat 64 sized to abut the outer O-
ring 52  The inner O-ring 50 is sized to be disposed adjacent to the inner end 16a of the cylindrical
chamber 16. When assembled as shown, the orifice assembly 24 abuts the inner O-rin'g 50, and the
air filter 54 abuts the orifice assembly 24. In turn, the air filter 54 is abutted by the O-ring 52, with
the components thus held in place by the cover plate 49. The inner O-ring 50 seals the area around
- the outlet bore 22, while the O-ring 52 seals the area around the cover plate 49.

[0027]  Accordingly, air flowing along the flow path 18 is generally confined within the

- cylindrical chamber 16 and flows in through the inlet bore 20, along the flow path 18 through the
gap 58, through the filter 54, through the orifice assembl); 24, mto a space 66 bounded by the orifice
assembly 24, the end 16a of the chamber 16, and the O-ring 50, and exits the cylindrical chamber
16 through the outlet bore 22.

[0028] In use, the orifice assembly 24 may be assembled such that the control orifice 38 (and
the adjacent orifice 42 in the seal 32) is aligned with a selected one of the primary orifice 28a
through 28h (i.e., by s'electing' any one of the primary orifices 28a, 28b, 28¢, 28d, 28e, 28f, 28¢, or
28h). In the disclosed example, this is accomplished simply by dis-assembling and then re-

assembling the orifice assembly 24 in the concentric arrangement of, for example,
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Figures 3 and 4, with the selected primary orifice 28a-28h aligned with the control orifice. It
will be appreciated that, due to the disc-shaped or plate-shaped arrangement of the disclosed

. example the remaining primary orifi are obstructed by the balance of the selector plate and/or
the seal 32. The seal 32 need not take the form of a disc-shaped seal or éasket. .Instead, the
seal may take the form of a separate ring, or the confronting faces of the selector plate 30 and
the orifice plate 28 may be adapted to form a seal without a separate component.

[0029] As shown in Figure 8, the pneumatic device 10 includes a current-to-pressure
transducer 68, which may be of conventional construction. The current-to-pressure
transducer 68 includes an electrical input 70 and a pneumatic output 72 1 flow
communication with the outlet bore 22. The orifice assembly 24 1n accordance with the
disclosed example permits better control over the pneumatic output 72.

[0030] In further accordance with the disclosed example, the pneumatic device 10 and
corpqration the above-described orifice assembly 24 may produce consistent dynamic
characteristics or relationships between the gain and phase of the electro-pneumatic assembly
operating with an otherwise fixed passageway geometry (i.e., the size of the outlet bore 22
remains fixed). In accordance with the disclosed example, variable tuning of the pneumatic
device 10 may be achieved by providing a controlled pneumatic current 72 out of the current-
to-pressure transducer, which may provide for optimal performance in the application. In
accordance with the disclosed example, this is achieved by providing a discrete set of
passageway orifi i order to change the dynamic response of the instrument.

[0031] Numerous additional modifications and alternative embodiments of the invention
will be apparent to those skilled in the art 1n view of the foregoing description. This
description 1s to be construed as illustrative only, and 1s for the purpose of teaching those
skilled in the art the best mode of carrying out the invention. The details of the structure and

method may be varied substantially without departing from the spirit of the invention, and the
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exclusive use of all modifications which come within the scope of the appended claims is

reserved.
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What is claimed:

1. A pneumatic device having a selectively variable pneumatic output and comprising:

an inlet adapted for connection to a source of pressurized air and an outlet, the inlet and the outlet in

flow communication along a flow path;

a variable orifice plate disposed in the flow path between the inlet and the outlet, the variable orifice

plate including a plurality of differently sized primary orifices; and

a selector plate operatively associated with the variable orifice plate and having only a single
secondary orifice and a mounting orifice, the selector plate concentric with the orifice plate, and the
variable orifice plate moveable relative to each other between a plurality of positions, the primary
orifices arranged on the variable orifice plate to permit the secondary orifice of the selector plate to
be selectively aligned with any one of the primary orifices while blocking the remaining primary

orifices.

2. The device of claim 1, including only a single seal plate disposed between the
selector plate and the orifice plate and having a through hole maintained in alignment with the
control orifice, and wherein the orifice plate, the selector plate, and the seal plate comprise

concentric discs.

3. The device of claim 1, including a fastener operatively connecting the orifice plate
and the selector plate, the fastener arranged to permit changing the orifice plate and the selector

plate between the first position and the second positions.

4. The device of claim 1, wherein the orifice plate and the selector plate comprise
discs.

5. The device of claim 1, including a seal arranged between the orifice plate and the
selector plate.

6. The device of claim 1, including a seal position adjacent to the control orifice to

control leakage adjacent the control orifice.
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7. The device of claim 1, including a seal plate disposed between the selector plate

and the orifice plate, and wherein the seal plate, the selector plate and the orifice plate comprise

concentric discs.

8. The device of claim 5, wherein the primary ornifices are arranged in a circle about

an axis of the discs.

9. The device of claim 8, wherein the pneumatic device includes a housing having a
cylindrical chamber disposed 1n the flow path, and wherein the discs are sized for insertion in the

cylindrical chamber, and further including a filter sized for insertion in the chamber and arranged to

abut at least one of the discs.

10. The device of claim 1, including a fastener operatively connecting the orifice plate
and the selector plate, the fastener arranged to permit changing the orifice plate and the selector

plate between the first position and the second positions.

11. The device of claim 1, including an air chamber in the flow path and having an
access port with a removable cover, and wherein the orifice plate and the selector plate are

removable through the access port.

12. The device of claim 4, including a cylindrical filter sized for insertion through the
access port and into the air chamber, the filter further sized to maintain at least one of the orifice

plate and the selector plate in abutment with an end of the air chamber.

13. The device of claim 1, including a seal disposed between the selector plate and the
orifice plate and having a through hole maintained in alignment with the control orifice, and

wherein the orifice plate, the selector plate, and the seal plate comprise axially aligned concentric

discs.
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