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(57) Abrege(suite)/Abstract(continued):

pneumatically operated device, and a pass-through port. The pass-through port is adapted to be In fluid communication with and
provide a pass-through of the supply of pressurized air to the inlet port of at least one other valve assembly such that the valves are
mounted In series with respect to the supply of pressurized air. A latching assembly Is also provided that Is supported upon the
valve body and Is adapted to engage and be operatively retained within an aperture in a mounting plate.
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SOLENOID ACTUATED PNEUMATIC VALVE WITH AN
INTEGRATED PASS-THROUGH AND A QUICK MOUNT BODY

ABSTRACT OF THE DISCLOSURE

A solenoid actuated pneumatic valve assembly including a valve body having a pressurized
air supply inlet port in fluid commumecation with a source of pressurized air, an outlet port adapted to
be in fluid communication with at least one active pneumatically operated device, and a pass-through
port.. The pass-through port 1s adapted to be in tfluid communication with and provide a pass-through
of the supply of pressurized air to the inlet port of at least one other valve assembly such that the
valves are mounted in series with respect to the supply of pressurized air. A latching assembly is
also provided that is supported upon the valve body ahd 1s adapted to engage and be operatively

retained within an aperture in a mounting plate.
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SOLENOID ACTUATED PNEUMATIC VALVE WITH AN

INTEGRATED PASS-THROUGH AND A QUICK MOUNT BODY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates, generally, to solenoid actuated pneumatic valve assemblies and,

more specifically, to a pneumatic valve having an integrated pass-through to allow the valve to be
placed in series with other like valves and a quick mount body adapted to allow for rapid removal

and replacement of the valve without fasteners.

2. Description of the Related Art

[0002] Pneumatic valve assemblies are well known in the art for controlling the ﬂow of
pressurized air to and from various pneumatically actuated devices such as linear actuators, rotary
actuators, air outlets or any other pneumatic device or application requiring preci‘se control of
operating air. One common use of pneumatic valve assemblies includes using a series of individual
valves to operate a conveyor system or to perform separate functional activities along a conveyor or
an assembly line. In this manner, the individual valves are arranged along the manufacturing process
to actuate mechanical devices that may move or index an object into a precise location, for example.

The valves may also control activities such as the opening and closing of a sorting chute or a

mechanical process such as bottle capping. In configuring a pneumatically supported process along a-

conveyor system or an assembly line or other operation, often the pneumatically controlled steps or
activities are separated into zones. Each of the zones are usually controlled by a separate pneumatic

valve assembly.
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[0003] The individual pneumatic valve assemblies typically include a valve member
supported within a valve body that is movable between predetermined positions. These positions are
typically defined by the placement of valve seats within the valve bore. The valve member has valve
elements that engage the seats. The valve member 1s moved between the predetermined positions by
an actuator. The actuator niay include an electromechanical device, such as a solenoid, that moves
the valve member in one direction. The valve assembly may also include a biasing member, such as
a coiled spring, or even another electromechanical actuating device that moves the valve member in
the opposite direction. In this way, the flow of pneumatic pressure within the valve is controlled
between various ports formed in the valve body.

[0004] Depending on how the valve body is configured internally, the valve may be
constructed 1 either a “normally open” or a “normally closed” configuration, in reference to the
initial state of the flow passage from the inlet port to the outlet port of the valve assembly.
Additionally, thcre are known valve assemblies having two, three, or four-way valve flow paths that
can provide multiple internal pneumatic flow paths between a number of inlet and outlet ports. This
allows the valve body to be configured to provide sonie ports as “normally open” and some as
“normally closed”, depending on the application. However, when employed as a control device for a
zone In a process system as described above, the valve assembly is typically a “normally closed”,
three-way valve having one supply port connected to a source of pressurized air, one outlet port that
is opened when the valve is actuated to supply pressure to the active device, and an exhaust port that
vents the applied pressure when the valve returns to its closed position.

[000S] Additionally, valve assemblies that control zones of a process all require a source of

pressurized air. While not the most efficient, this can obviously be accomplished by running

individual pressurized supply lines to each valve. If space is limited, then the valve assemblies are
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often arranged on some type of manitold that collectively supplies pressurized air to each valve. Itis

also known to utilize a number of pneumatically connected manifolds, with each manifold

supporting valve assemblies that are in close proximity to each other. Finally, some applications
avold the use of manifolds or the use of individual pressurized air lines to each valve by employing
vaive assemblies that have a “pass-through” of pressurized air. In this case, the valves are connected
in serics with regard to each other aﬁd the source of pressurized air. In other words, they sequentially
provide a source of pressurized air to each other by being in pneumatic series through their pass-
through connections. These series-connected valve assemblies can then be mounted in close
proximity to the zone they control thus avoiding long runs of multiple pneumatic conduits from the
valve to each active device. Each of the series-connected valves are typically mounted by fasténing
the individual valve assemblies to a mounting plate or attachment surface that is part\of the conveyor
system or assembly line frame.

[0006] Over the years, there have been a number of improvements in this field that have
produced solenoid actuated valve assemblies having high flow rates with repeatable, fast response
times. These improvements have provided greater productivity in tﬁe control of production
processes. Y et, as faster and smaller valves have evolved, certain lim1tations and drawbacks to the
use of these conventional valve assemblies have become apparent. Certain high-speed
manufacturing and process environments perfonn repgtitive pneumatically driven operations in
extremel'y high numbers over a relatively short period of time. For example, over the course of a

year, many of the above-mentioned applications require that these types of pneumatic valves perform

millions of repetitive actuations.
[0007] All valve assemblies currently employed in the related art are subject to wear and

durability limitations when used in rigorous environments that require high-speed, and high-
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repetition valve operation. Wear and ultimaté failure of these valve assemblies 1s expected. Whena
failure occurs, the valve is removed and replaced. It is also generally expected that these failures will
cause production shut downs while the valve 1in question is replaced. Depending on the application,
the.economic loss of the process down time 1s dealt with in a number of ways. For example, time
may be allocated for scheduled periods of maintenance, where the system 1s taken off-line and failing
or weak valves are replaced. However, many applications run their processes 24 hours a day and
scheduled maintenance periods are mvasive to the process and time consuming. In these “always
on”’ operations, it can make more ebonomic sense to just run the equipment until a failure occurs to
achieve maximum life from each of the components, then deal with the replacement of the failed
parts as they occur. Inany event, the conventional solenoid operated valve assemblies require costly
amounts of down-time to remove and replace. Partly in response to this problem, removable
solenoids have been developed in the related art. In this case, the solenoid is retained to the valve
body by as little as two fasteners. If just the solenoid fails, this type of attachment allows for a quick
solenoid change while leaving the valve body in the system. Depending on the design of the valve,
this may also avoid the loss of pressure to the valve in question and to the other valves in series.
However, even with readily replaceable solenoids, there is still room for improvement in reducing
the down-time required to remove and replace these types of valve assemblies.

[0008] The current valve assemblies used in these type of processes are fixed to amounting
plate or attachment surface with any number of fasteners. Furthermore, the pressurized connections
at their inlet, outlet, and pass-through require the use of known, conventional types of threaded
fasteners that do not lend themselves to quick mounting or replacement. This can lead to even

longer down time during maintenance, especially where a number of valves in a given zone are

involved. Thus, removal and replacement times for conventional valves employed in these types of
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process systems 1s still excessive as it requires a number of hand tools and a moderate amount of
physical manipulation to complete. Therefore, there remains a need in the art for a solenoid actuated
pneumatic valve assembly that overcomes these deficiencies by providing the ability to be rapidly

and readily removed and replaced in these types of operating environments.

SUMMARY OF THE INVENTION

[0009] The present invention overcomes the disadvantages and drawbacks of the
conventional related art by providing a solenoid actuated pneumatic valve assembly. The valve
assembly includes a valve body having a pressurized air supply inlet port in fluid communication
with a source of préssurized air, an outlet port adapted to be in fluid communication with at least one
active pneumatically operated device, and a pass-through port. The pass-through port is adapted to
be in flurd communication with and provide a pass-through of the supply of pressurized air to the
Iniet port of at least one substantially similar valve assembly such that the valves are mounted in
series with regard to the supply of pressurized aif. A latching é.sseinb]y 1s also provided that is
supported upon the valve body and is adapted to engage and be operatively retained within an
aperture 1n a mounting plate without the use of fasteners. Thus, the present invention provides a
solenoid actuated pneumatic valve assembly that can quickly and easily be removed or installed and

1S mountable in series with other like valves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Other advantages of the invention will be readily appreciated, as the same becomes
better understood by reference to the following detailed description when considered in connection

with the accompanying drawings, wherein:
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[0011] Figure 1 is an environmental side view of two valve assemblies of the present
invention mounted to a mounting plate of a larger process apparatus and connected 1n series to a

source of pressurized air;

[0012] Figure 2A is a cross-sectional view of the embodiment of the valve assembly
illustrated 1n Figure 1 having a side mounted solenoid actuator;

[0013] Figure 2B 1s a partial cross-sectional view of the embodiment of the valve assembly
1llustrated in Figure 2A with the actuator in the de-energized position such that the valve is closed:;

[0014] Figure 2C 1s a partial cross-sectional view of the embodiment of the valve assembly
tHlustrated in Figure 2A and 2B with the actuator in the energized position such that the valve is
open;

[0015] Figure 3A is a side viéw of the embodiment of the valve assembly illustrated in
Figures 2 A, 213, and 2C showing the va\lve body n detail;

[001 6] Figure 3B 1s an opposing side view of the embodiment of the valve assembly
1llustrated in Figures 3A;

[0017] Figure 4A 1s a side view of one embodiment of the valve assembly of the present
imvention showing the quick mount latching assembly in cross-section prior to the insertion of the -
valve into a mounting plate opening;

[0018] Figure 4B 1s a side view bf the valve assembly illustrated in Figure 4A showing the
quick mount latching assembly in cross-section as the latching assembly is first inserted into the
mounting plate Openiﬁg;

[0019] Figure 4C is a side view of the valve assembly illustrated in Figures 4A and 4B

showing the quick mount latching assembly in cross-section as the latching assembly is completely
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mserted into the mounting plate opening and the latching assembly 1s retaining the valve to the

mounting plate;

[0020] Figure 5A is a cross-sectional view of the another embodiment of a valve assembly of

the present invention having a top mounted actuator with the actuator in the de-energized position
such that the valve is closed;:

[0021] Figure 5B 1s a cross-sectional view of the valve assembly illustrated in Figure 5A
having a top mounted solenoid actuator with the actuator in fhe energized position such that the
valve 1s open;

[0022] Figure 6A is a side view of the valve assembly illustrated in Figures 5A and 5B

having a top mounted solenoid actuator; and

[0023] Figure 6B 1s the opposing side view of the valve assembly illustrated in F igure 6A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S

|0024] Referring now to the figures, where like numerals are used to desi gnate liké structure
throughout the drawings, a pneumatic valve assembly of the present invention is generally indicated
at 10 and 210. As shown in Figure 1, two valve assemblies 10 of the present in;\/enti.011 are
pneumatically interconnected in series with a source of pressurized air. Each of the valve assemblies
10 mmcludes a valve body 12 and an electromagnetic actuator assembly, such as a solenoid, generally
indicated at 14 and 1i1ounted to the valve body 12. The valve body 12 has a thin rectangular shape
defining top and bottom surfaces 16, 18, respectively, a pair of opposed side surfaces 20, 22
extending between the top and bottom surfaces 16 and 18 and end surfaces 24, 26. The actuator

assembly 14 i1s mounted to the side surface 20 of the valve body 12. The actuator of the present

invention may be of any known type typically used in pneumatic valves such as an electromagnetic

7
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solenoid having a floating armature with lost-motion biasing as described in prior art U.S. Patent
Nos. 4,438,418 or 3,538,954.. ’ | Thus,
those having ordinary skill in the art will appreciate from the description that follows that the exact
form of the actuator, whether electromagnetic or otherwise, forms no part of the present invention.
Thé actuator 14 1s 1n electrical communication with a control device through a wiring harness as
generally indicated at 15 in Figure 1.

[0025] The valve body 12 1s adapted fo be mounted to an attachment; or mounting plate 28.
It should be appreciated that the mounting plate 28 is in some manner affixed to a processing device,
a conveyor system, or some other larger mechanism that requires the controlled application of
- pneumatic pressure as supplied by the valve assemblies of the present invention. More specifically,
the placemént of the mounting plate 28 and the general placement of the valve assemblies 10 on the
mounting plate 28 is driven entirely by the overall design of the greater device or system. Thus, the
two valve assemblies 10 as illustrated in Figure 1 are shown in close proximity for the purpose of
discussion and may or may not be so closely located in operation.

[0026] Referring now to Figures 2A through 3B, the valve body 12 includes a pressurized air

supply inlet port 30 in fluid communication with a source of pressurized air, an outlet port 32

adapted to be in fluid communication with at least one active pneumatically operated device, and a
pass-through passage 34 adapted to be in fluid communication with and provide a pass-through of
the supply of pressurized air to the inlet port of a substantially similar valve assembly 10 such that
the valves are mounted in series with regard to the supply of pressurized air. Mpre specifically, the
pass-through passage 34 is a bore that extends through the valve body 12 and has a pass-through inlet
36 and a pass-through outlet 38. The pass-through inlet and outlet 36 and 38 each include a “quick

connect” fitting generally indicated at 40, which will be discussed in greater detail below. The outiet

. |
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port 32 also has “quick connect” fitting generally indicated at 42 disposed in the outlet opening 44.

The pneumatic connection of one valve assembly 10 to a second valve assembly 10 can be seen in

Figure 1 where the valves are in fluid communication with each other through a piece of pneumatic
conduit, or tubing 17. As shown in Figure 1, the source of pressurized air 1s supplhied through tubing
piece 19 to the pass-through inlet 36 of the first valve assembly 10. The pressurized air then passes
through the pass—through passage 34 of the first valve 10 and out the pass-through outlet 38 to the
pass-through inlet 36 of a second valve by way of pneumatic tubing 17. Further, the source of
pressurized air continues on to another remote valve assemb-ly 10 through tubing 21. The controlled
output of pressurized air from the outlet 44 of valve assembly 10 is delivered to the actively control
pneumatic device by way of tubing 23.

[0027] A valve bore 46 extends. axially through the valve body 12. In the embodiment
tHustrated here, the pneumatic valve assembly 10 is a two-way valve and also includes an exhaust
‘port 48 in fluid communication with the valve bore 46. In the embodiment illustrated in the figures,
the valve bore 46 extends completely through the valve body 12 to present a pair of open ends 50,
52. ‘ A valve member, generally indicated at 54, is movably supported within the valve bore 46
between predetermined positions to selectively direct a flow of pressurized air from the inlet port 30
through the valve bore 46 to the outlet port 32. Concomitantly, the valve member 54 also selectively
directs pressurized air to vent from the outlet port 32 to the exhaust port 48, as will be described in
greater detail below. An end retainer insert, generally indicated at 56 1s received in the open end 52

of the valve body 12, thereby retaining the valve member 54 within the valve bore 46 as will be

described 1n greater detail below.

[0028] The valve member 54 further includes a valve element 58 disposed along 1ts length.

The valve element 58 is formed on the valve member 54 and has valve sealing surfaces 60 and 62

9
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that are operé.ble to selectively direct a flow of pressurized air from an inlet port 30 through the valve
bore 36 to the outlet port 32and from the outlet port 32 to the exhaust port 48, respectively. As
shown in Figures 2A through 2C, the valve member 54 further includes an annular groove 64 that
receives an o-ring type seal 66, which slidingly engages the open end 50 of the valve bore 46 to
prevent leakage of the pressurized air from the valve bore 46. The valve member 54 also includes a
cﬁp-shaped recess 68 that accepts and retains a biasing member 69.

[0629] In the préferred embodiment, the valve member 54 1s an aluminum insert that 1s over-
molded with a suitable resilient material such as rubber, or any l'mown' elastomer, 1n the appropnate
place. More specifically, it shoﬁld be appreciated by those héving ordinary skill in the art that the
material of the sealing surface may be made of any known composition {hat 1s slightly yielding, yet
highly resilient, such as nitrile, which may be bonded, or over-molded to the valve member 54.

[0030] As shown in Figures 2A and 2B, the valve seat 70 is disposed directly in the .valve
bore 46 itself, while valve seat 72 1s disposed in the end retainer insert 52. The end retainer insert 52
includes an annular groove 80, which receives an o-ring type seal 82 to prevent leakage of the
pressurized air within the valve bore 46. The end retainer insert 52 has a central bore 84 that
receives the valve member 54 and allows it to slidingly move within the valve body 12. The end
retainer insert 52 is secured in the valve body 12 by the exhaust port diffuser assembly, which is
'generally indicated at 86. The diffusef assembly 86 includes a diffuser plate 88 and a retainer 90.
Exhaust openings 92 are formed in the fetainer 90 so that. as .pressurized air 1s allowed to enter the
| exhaust port 48 it passes through the diffuser plate 88 and through the exhaust openings 92 to the
atmosphere. The diffuser plate 88 is a membrane that allows air to pass But prevents forei gn 6bj ects

fr0m entering the exhaust port 48. The retainer 90 of the diffuser assembly 86 1s threadably inserted

in the valve body 12, so that the diffuser assembly 86 is in contact with and thus secures the end

10
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retainer isert 52 in the valve body 12. The diffuser assembly 86 1s also 1n contact with one end of
the biasing member 69. The biasing member 69 is disposed in the cup-shaped recess 68, which is
formed in one end of the valve member 54, such that the biasing member 69 provides a force
operative to move the valve member 54 away trom the diffuser assembly 86 in opposition to a force
generated by the actuator assembly 14. The biasing member 69 may be a coiled spring or the like.

[0031] In operation, the valve seats 70 and 72 cooperate with the valve elements 60 and 62,

respectively, to seal the various passages in the valve body 12. The valve seat 70 provides a séaling

contact with the valve sealing surface 60 of the valve element 54 when the valve member 46 is in the
de-energized position (Figure 2A) thereby interrupting the flow of pressurized air to the outlet port
32. While in this position, the valve sealing surface 62 is moved away from valve seat 72, so that the
- outlet port 32 is open to and in fluid communication with the exhaust port 48. This allows any
pressurized air in the outlet to be vénted to the atmosphere through the exhaust port 48. Likewise,
the valve sealing surface 60 is moved away from valve seat 70 when the valve member 46 is in an
energized position, thereby allowing the flow of pressurized air from the inlet port 30 to the outlet
port 32. While 1n this position, the valve seat 72 provides a sealing contact with the valve seéling
surface 62 of the valve element 54 so that the outlet port 32 is closed off from the exhaust port 48
and pressurized air from the inlet port 30 is delivered to the outlet port 32. -

[0032] In the preferred embodiment, the actuator assembly 14 is mounted upon the valve
body 12 so as to engage and thereby actuate the valve member 54. As shown for illustration

purposes only, this may be accomplished by the use of an actuator pushpin 96 having an enlarged
head 98 that contacts the end of the valve member 54 opposite the biasing member 69. In this
manner, the actuator assembly 14 is operable to move the valve member to the i ght, as illustrated in

Figure 2A - 2C, thereby actuating the valve assembly 10. It should be appreciated by those having

11
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ordinary skill in the ért that the specific actuating means used to provide motive force to the valve
member 54 lies beyond' the scope of the present invention. Accordingly, it should be further
appreciated that any number of different types of actuating elements, rather than a push pin, may be
employed based on the actuating means used. As previously mentioned, the actuator assembly 14 is
used to selectively actuate the valve member 54 within the valve bore 46 in the direction opposite to
the biasing force of the biasing member 69. In this manner, the actuator assembly 14 drives the
valve member to the right, as shown in Figure 2C, and the biasing member 69 returns the valve
member 54 to its original position ' (to the left, in Figure 2B) when the actuator assembly 14 is
deactivated. \

[0033] In the preferred embodiment, the actuator assembly 14 is mounted to the valve body
12 by the use of two threaded fasteners 100 (Figure 3B) that allow for the rapid removal and
replacement of the actuator assembly 14 from the valve body 12 without having to depressurize the
system. ]t should be appreciated that various other means of attaching the actuating assembly 14 to
the valve body 12 are available that provide a like rapid removal and replacement feature. As such,
any other known manner of like actuator attachment may be employed without departing from the
scope of the invention. -

0034] The quick connect fittings 40 é.nd 42 are of a knowﬁ type of “push-in locking
connector” for pneumatic tubing having a main body 102, a locking collar 104, arelease sleeve 106,
and an o-ring seal 108. The valve body 12 includes fitting bores 110 and 112 that are each fbrmed to
receive the main body 102 bf the fittings 40. Similarly, the valve body includes a fitting bore 114 to
receive ﬁtfing 42, which 1s substantially similar but of slightly smaller size. The main body 106 of

the fitting may be retained in the fitting bore by one of any various known methods. For example,

the main body 106 of the fitting and the fittmg bores 110, 112, and 114 may be a close tolerance fit

12

R T L PPV - . . .
PN LN A TN DY ARG P N Y P AT AN R DT T ZEPIINIR ) 0 AN A R Y00 1 Y4 b VAP 55508 bt gt b A P 1




CA 02473486 2007-12-03

m which the fittings 40, 42 are pressed into the bores. Ea.ch of the main bodies 110 of the fittings 40
mmciude an externally formed groove 116 that retains an o-ring type seal 118 that seals the main
bodies 1006 to the bores 110, 112, and 114.

[0035] In each of the fittings 40, 42, the release sleeve has an inner diameter 120 that is
approximately the same size as the outer diameter of the tubing that 1s to be inserted and retained,
which provides physical support to the tubing. The locking collar 104 also has an internal diameter
122 that 1s approximately the same size as the tubing that is to be inserted and retained.
However, the locking collar 104 further imcludes a plurality of engaging tabs 124 that flexibly exténd
mwardly from 1ts inner diameter 122. The engaging tabs 124 are also angled away from the opening
of the release sleeve 106. In this manner, when a pneumatic tube is inserted into the fitting 40 to
provide fluid communication, its end is pushed past the engaging tabs 124 of the locking collar 104
and past the o-ring seal 108 to a stop flange 126. The o-ring scal 108 provides a sealing engagement
to the outside diameter of the tube and the plurality of engaging tabs 124 of the locking collar 104
press inward against the outer diameter of the tube. The angle of the engaging tabs 124 thus prevents
extraction of the tube from the maim body 102 of the fitting 40. The release sleeve 106 is slidingly
disposed within the main body 102 so that when 1t becomes necessary to remove the tube from the
fitting 40, the release sleeve 1006 1s pressed inward relative to the main body 102 so that the forward
edge 128 of the release sleeve 106 forces the engaging tabs 124 away from the outer diameter of the
fube. The tube 1s then {ree to be extracted from the fitting 40, 42.

10036] As -best shown 1n Figures .3A - 3B, the valve body 12 also mcludes a latching
assembly 130 that 1s used to releasably mount the valve body 12 to the mounting plate 28. The
latching assembly 130 extends away from the valve body 12 and has a first flanged lip 132 extending

laterally outward from the valve body 12 and a second flanged lip 134 disposed opposite to the first

13
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flanged lip 132 on the latching assembly 130. The flanged lip 134 also extends laterally outward
from the valve body 12. In the preferred embodiment of the present invention, the latchiﬁg assembly
130 is an integrally formed portion of the valve body. 12 that extends away and 1s spaced apart from
the valve body 12. As best shown in Figure 4A, 4B, and 4C, the latching assembly 130 1s adapted to
-engage and be operatively retained within an aperture 140 in the mounting plate 28 withouf the use
of fasteners. The first flanged lip 132 defines a first mounting channel 136 that is adapted to accept
and retain one side, or upper portion 150 of the aperture 140. The second flanged lip 134 defines a
second mounting channel 138 that is adapted to accept the opposite side, or lower portion 152 of the
mounting plate aperture 140. In 1ts operative mode, the flanged lips 132, 134 extend beyond the
edges of the mounting plate aperture 140 to affix the valve body 12 to the mounting plate wifhout .
fasteners. In the preferred embodiment of the present invention, the aperture 140 of the mounting
plate 28 1s formed to ha\}e a generally square shape and the latching assembly 130 1s formed so that it
will fit into the aperture as described in greater detail below.

[0037] More specifically, the latching assembly 130 further includes a biasing bore 142
formed within the latching assembly 130. The biasing bore 142 has an open end 144 proximate to
the second flanged lip 134 and a closed end 146 proximate to the first flanged lip 132. The biasing
bore 142 receives a biasing latch member 148. In the preferred embodiment of the present invention,
the biasing latch member 148 is a coiled spring. One end of the biasing latch member 148 i1s retained
at the closed end of the biasing bore 142 while allowing the -opposite end of the biasing latch
member 148 to extend beyond the second mounting channel 138 to t]ie edge of the second flanged
lip 134. Thus, when the valve assembly 12 is installed in the mounting plate 28, the biasing latch
member 148 is adapted to provide a biasing force between the edge of the mounting plate aperture at

the second mounting channel 138 and the closed end of the biasing bore 146. In this manner, the
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biasing latch member 148 forces the first mounting channel 136 of the latching assembly 130 upward
agamst the edge of the mounting plate aperture 140 to retain the valve assembly 12 without fasteners.

‘ [0038] To attach the valve assembly 10 to the mounting plate 28, the second mounting
channel 138 of the latching assembly 130 1s directed toward the lower portion of the mounting plate
aperture 140, as best shown in Figure 4A. As shown in Figure 4B, the second mounting channel 138
1s engaged upon the lower portion of the mounting plate aperture 740 and the biasing latch member
148 1s compressed until the first ﬂanged lip 132 will clear the upper portion of the mounting plate
aper'tm'e 140. Then, the valve assembly 10 1s rotated back about the second mounting channel 138 so
that the first flanged lip 132 passes through the mounting plate aperture 140. Finally, the valve
assembly 10 1s released so that the biasing latch member 148 forces the valve assembly 10 upward to
engage the first mounting channel 136 to the upper portion of the mounting plate aperture 140,
Thus, the .valve assémbly 10 1s retained in the mounting plate aperture 140 without the use of
fasteners, as shown in Figure 4C. While the latching assembly 130 and the aperture 140 are
tHustrated here having a generally square shape, it should be appreciated that the mounting plate
aperture 140 and the latching assembly 130 may be formed in any of a variety of different shapes as
tong as they are cooperatively shaped.

[0039] Another non-limiting embodiment of the valve assembly of the present invention is
generally indicated at 210 in Figures 5A and 5B, where li'ke numerals indicating like structulfe with
respect to the valve assembly 10 have been incremented by 200. In this embodiment, the valve
assembly 210 employs a top mounted actuator. More specifically, the valve assembly 210 includes a
valve body 212 aLnd an electromagnetic actuator assembly, such as a solenoid, generally indicated at
214 and mounted to the valve body 21 2 The valve body 212 has a thin rectangular shape deﬁning

top and bottom surfaces 216, 218, respectively, a pair of opposed side surfaces 220, 222 extending
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between the top and bottom surfaces 216 and 218 and end surfaces 224, 226. The actuator assembly
214 1s mounted to the top surtace 216 of the valve body 212.

[0040] The valve body 212 includes a pressurized air supply inlet port 230 in fluid
communication with a source of pressurized air, an outlet port 232 adapted to be in fluid
communication with at least one active pneumatically operated device, and a pass-through passage
234 adapted to be mn flurd communication with and provide a pass-through of the supply of
pressurized air to the inlet port of a substantially similar valve assembly 210 such that the valves are
mounted in series with regard to the supply of pressurized air. More speciﬁcaﬂy, the pass-through
passage 234 is a bore that extends through the valve body 212 and has a pass-through inlet 236 and a
pass-through outlet 238. The pass-through inlet and outlet 236 and 238 each include a “quick
cozn1eqt” fiting generally indicated at 240. The outlet port 232 also has “quick connect” fitting
generally indicated at 242 disposed in the outlet opeﬁing 244,

[0041] As best shown in Fi gures 0A and 6B, a valve bore 246 extends vertically through the
valve body 212. In the embodiment illustraied here, the pneumatic valve assembly 210 is a three-
way valve and also includes an exhaust port 248 in fluid communication with the valve bore 2_46.
The valve bore 246 extends partially through the valve body 212 té present one open end 250 and a
closed end 252. A valve member, generally indicated at 254, is movably supported within the valve

bore 246 between predetermined positions to selectively direct a flow of pressurized air from the

mlet port 230 through the valve bore 246 to the outlet port 232. Concomitantly, the valve member .

254 also selectively directs pressurized air to vent from the outlet port 232 to the exhaust port 248.
[0042] The valve member 254 further includes a valve element 258 disposed aiong 1ts length.
The valve element 258 is formed on the valve member 254 and has valve sealing surfaces 260 and

202 that are operable to selectively direct a flow of pressurized air from an inlet port 230 through the
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valve bore 236 to the outlet port 232 and from the outlet port 232 to the exhaust port 248,
respectively. As shown in the figures, the valve member 254 further includes; an é,nnular groove 264
that receives an o-ring type seal 266, which shdingly engages the open end 250 of the valve bore 246
to prevent leakage of the pressurized air from the valve bore 246. The valve member 254 also
includes a cup-shaped recess 268 that accepts and retains a biasing member 269.

[0043] In the preferred embodiment, the valve member 254 is an aluminum insert that is
over-molded with a suitable resilient material such as rubber, or any known elastomer, in the
appropriate place. More specifically, it should be appreciated by those having ordinary skill in the
art that the material of the valve element 25 8 having sealing surfaces 260 and 262 may be made of
any known composition that is slightly yielding, yet highly resilient, such as nitrile, which may be
over-molded to the valve member 254.

[0044] A biasing mefnber 269 1s disposed in the cup-shaped recess 268 formed in one end of
the \{alve member 254 such that the biasing member 269 prdvides a force operative to move the
valve member away from the closed end 251 of the valve bore 246 in opposition to a force generated
by the actuator assembly 214. The biasing member 269 may be a coiled spring or the like. In the
preferred embodiment, the actuator assembly 214 is mounted upon the valve body 212 so as to
engage and thereby actuate the valve ni ember 254. As shown for illustration purposes only, this may
be accomplished by the use of an actuator pushpin 296 having an enlarged head 298 that contacts the
end of the valve member 254 opposite the biasing member 269. In this manner, the actuator

assembly 214 is operable to move the valve member 254 down as seen in Fi gure 6B, thereby
actuating the valve assembly 210. It should be appreciated by those having ordinary skill in the art
that the specific actuating means used to provide motive force to the valve member 254 lies beyond

the scope of the present invention. Accordingly, it should be further appreciated that any number of
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different types of actuating eleme.nts, rather than a push pin, may be employed based on the actuating
means used. As previously mentioned, the actuator assembly 214, as previously mentioned, 1s used
to selectively actuate the valve member 254 within the valve bore 246 in the direction opposite to the
biasing force of the biasing member 269. In this manner, the actuator assembly 214 drives the valve
member down, as shown in Figure 6B, and the biasing member 269 returns the valve member 254 to
its original position (upward, in Figure 6A) when the actuator assembly 214 1s deactivated.

[0045] In operation, the valve seats 270 and 272 cooperate with the valve sealing surfaces
260 and 262, respectively, to seal the various passages in the valve body 212. The valve seat 270
provides a sealing contact with the valve sealing surface 260 of the valve element 258 when the
valve member 254 1s in the de-energized position (Figure 5A) thereby interrupting the flow of
pressurized air to the outlet port 232. While 1n this position, the v.alve sealing surface 262 1s moved
away from valve seat 272 so that the outlet port 232 1s open and 1n fluid communication with the
exhaust port 248. This allows any pressurized air in the outlet to be vented to the atmosphere through
the exhaust port 248. Likewise, the valve sealing surface 260 1s moved away from valve seat 270
when the valve member 254 is in an energized position, thereby allowing the flow of pressurized air
from the nlet port 230 to the outlet port 232. While in this position, the valve seat 272 provides a
sealing contact with the valve sealing surface 262 of the valve element 258 so that the outlet port 232
1s closed off from the exhaust port 248 and pressurized air from the inlet port 230 is delivered to the
outlet port 232. The exhaust port 248 includes a diffuser assembly 286 that is retained in the valve
body 212 so that as pressurized air is allowed to enter the exhaust port 248 it passes through the
diffuser assembly 286 prior to venting to the atmosphere. The diffuser assembly 286 1s a membrane

that allows air to pass but prevents foreign objects from entering the exhaust port 248.
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[0046] In the preferred embodiment, the actuator assembly 214 1s mounted to the top surface
216 of the valve body 212 which allows for the rapid removal and replacement of the‘ actuator
assembly 214 from the valve body 212 without having to depressurize the system. It should be
appreciated that various other means of attaching the actuating assembly 214 to the valve body 212
are available that provide a like rapid removal and replacement feature. As such, any other known
manner of like actuator attachment may be employed without departing from the scope of the
invention.

[0047] The quick connect fittings 240 and 242 are of a known type of “push-1in locking
connector” for pneumatic tubing as previously described above. The valve body 212 includes fitting
bores 310 and 312 that are each formed to receive the fittings 240. Similarly, the valve body
includes a fitting bore 3 14 to receive fitting 242, which 1s substantially similar but of slightly smaller
size. The quick connect fittings 240, 242 are the same as fitting 40, 42 and so the description of the
subcomponents of these elements will not be repeated here.

[0048] As best shown in Figures 5A - 5B, the valve body 212 also includes a latching
assembly 330 that 1s Lised to releasably mo.unt the valve body 212 to the mounting plate 28 (Figure
I). The latching assembly 330 extends away from the valve body 212 and has a first flanged lip 332
extending laterally outward from thé valve body 212 and a second flanged lip 334 disposed opposite
to the first ﬂanged lip 332 on the latching assembly 330. The flanged lip 334 also extends laterally
outward from the valve body 212. As in the above described embodiment, the latching assembly 330
here is an integrally formed portion of the valve body 212 that extends away and is spaced apart from
the valve body 212. The latching assembly 330 has a first and second flanged lip 332 and 334,

which form first and second mounting channels 336 and 338. Likewise, a biasing bore 342 retains a

biasing latch member 348. The latching assembly 330 is adapted to engage and be retained in
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mounting plate 28 in a manner 1dentical to that in which valve assembly 10 1s operatively retained

within an aperture 140 in the mounting plate 28 and without the use of fasteners, as shown in Figures
4A, 4B, and 4C.

[0049] The above-described embodiments of the present invention overcome the drawbacks
and disadvantages of conventional valve assemblies that require costly'amounts of downtune to
remove and replace. Specifically, the present invention avoids the current methods of affixing valve
assemblies to a mounting plate or attachment surface using a variety of fasteners. Furthermore, the
pressurized connections at the inlet, outlet, and pass-through of the present invention do away with
the requirement of the use of known, conventional types of threaded fasteners that do not lend

themselves to quick mounting or replacement. Therefore, the present invention provides a solenoid

actuated pneumatic valve assembly that overcomes these deficiencies by providing the ability to be

rapidly and readily removed and replaced.

[0050] The invention has been described in an illustrative manner. It is to be understood that

the terminology, which has been used, is intended to be in the nature of words of description rather
than of limitation. Many modifications and variations of the invention are possible in light of the
above teachings. Therefore, within the scope of the appended claims, the invention may be practiced

other than as specifically described.
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CLAIMS

1.

A solenoid actuated pneumatic valve assembly comprising:

a one piece valve body having a pressurized air supply inlet port adapted to
be in fluid communication with a source of pressurized air, an outlet port
adapted to be in fluid communication with at least one active pneumatically
operated device, and a pass-through passage in fluid communication with
said inlet port and adapted to be in fluid communication with and provide a
pass-through of the supply of pressurized air to the inlet port of another
valve assembly such that said valves are mounted in series with respect to

the supply of pressurized air; and

a latching assembly integrally created with and extending outwardly from
said one piece valve body and adapted to engage and be operatively retained

within a single aperture in a mounting plate;

wherein said latching assembly has a first flanged lip extending laterally
outward from said valve body and a second flanged lip disposed opposite to
said first flanged lip also extending laterally outward from said valve body,
said first flanged lip defining a first mounting channel adapted to accept and
retain one side of said single aperture in the mounting plate, said second
flanged lip defining a second mounting channel adapted to accept the
opposite side of the mounting plate aperture, said flanged lips extend beyond
the edges of the single mounting plate aperture and affix said valve body to

the mounting plate without deflecting either of the first and second flanged

lips.
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A solenoid actuated pneumatic valve assembly as set forth in claim 1 wherein
said latching assembly further includes a biasing bore formed within the
latching assembly, said biasing bore having an open end proximate to said
second flanged lip and a closed end proximate to said first flanged lip, a
biasing latch member retained at said closed end of said biasing bore while
allowing the opposite end of said biasing latch member to extend beyond
said second mounting channel to the edge of said second flanged lip such
that when said valve assembly is installed in the mounting plate, said biasing
latch member is adapted to provide a biasing force between the edge of the
mounting plate aperture at said second mounting channel and said closed
end of said biasing bore thereby forcing said first mounting channel of said

latching assembly against the edge of the mounting plate aperture to retain

said valve assembly without fasteners.

A solenoid actuated pneumatic valve assembly as set forth in claim 2

whereas said biasing latch member is a coiled spring.

A solenoid actuated pneumatic valve assembly as set forth in claim 1 wherein
said valve body further includes a valve bore extending axially within said
valve body and a valve member movable between predetermined positions

within said valve bore to selectively direct a flow of pressurized air from said
inlet port through said valve bore to said outlet port.

A solenoid actuated pneumatic valve assembly as set forth in claim 4 wherein
said valve member further includes at least one valve element disposed upon

said valve member, said at least one valve element having a valve sealing

surface.
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A solenoid actuated pneumatic valve assembly as set forth in claim 5 wherein
said valve sealing surface includes an over-molded sealing material disposed
on the valve sealing surface at least one valve seat is defined in said valve
bore and is adapted to provide a sealing contact with said valve sealing
surface of said valve element when said valve member is in a closed position

thereby interrupting said flow of pressurized air.

A solenoid actuated pneumatic valve assembly as set forth in claim 6 wherein
said valve bore is further deﬁned as having an open end and a closed end,
said valve assembly further includes a biasing member operatively disposed
within said valve bore and adapted to provide a biasing force between said
closed end of said valve bore and one end of said valve member, such that

said valve member is operatively biased in one direction.

A solenoid actuated pneumatic valve assembly as set forth in claim 7 wherein
said valve assembly further includes a solenoid assembly mounted upon said
valve body at said open end of said valve bore opposite said biasing member,
said solenoid assembly adapted to selectively actuate said valve member
between predetermined positions within said valve bore in a direction

opposite to said biasing force of said biasing member to direct the flow of

pressurized air within the valve body.

A solenoid actuated pneumatic valve assembly as set forth in claim 8 further
including at least one exhaust port disposed within said valve body in fluid
communication with said valve bore such that said valve element is further
operable to selectively direct a flow of pressurized air from said outlet port

through said valve bore to said at least one exhaust port.
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10. A solenoid actuated pneumatic valve assembly comprising:

a one piece valve body having

a pressurized air supply inlet port in fluid communication with a source

of pressurized air,

an outlet port adapted to be in fluid communication with at least one

active pneumatically operated device, and

a pass-through port in fluid communication with said inlet port and
adapted to be in fluid communication with and provide a pass-through
of the supply of pressurized air to the inlet port of at least one other
valve assembly mounted in series with respect to the supply of

pressurized air; and

a latching assembly integrally created with said one piece valve body that
extends away from said valve body and has a biasing member receiving bore
separating a first flanged lip extending laterally outward from said valve body
and a second flanged lip disposed opposite to said first flanged lip also
extending laterally outward from said valve body, said first flanged lip
defining a first mounting channel adapted to accept and retain one side of a
single aperture in a mounting plate, said second flanged lip defining a second
mounting channel adapted to accept the opposite side of the mounting plate
aperture, said flanged lips extend beyond the edges of the mounting plate

aperture to mount said valve body to the mounting plate.
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12.
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A solenoid actuated pneumatic valve assembly as set forth in claim 10
wherein said latching assembly further includes a biasing bore formed within
the latching assembly, said biasing bore having an open end proximate to
said second flanged lip and a closed end proximate to said first flanged lip, a
biasing latch member retained at said closed end of said biasing bore while
allowing the opposite end of said biasing latch member to extend beyond
said second mounting channel to the edge of said second flanged lip such
that when said valve assembly is installed in the mounting plate, said biasing
latch member is adapted to pr'ovide a biasing force between the edge of the
mounting plate aperture at said second mounting channel and said closed
end of said biasing bore thereby forcing said latching assembly against the
edge of the mounting plate aperture at said first mounting channel to retain

said valve assembly.

A solenoid actuated pneumatic valve assembly as set forth in claim 11
wherein said latching assembly is an integrally formed portion of said valve

body that extends away and is spaced apart from said valve body.

A solenoid actuated pneumatic valve assembly as set forth in claim 12
wherein said valve body further includes a valve bore defined within said

valve body and a valve member movable between predetermined positions
within said valve bore to selectively direct a flow of pressurized air from said

inlet port through said valve bore to said outlet port.

A solenoid actuated pneumatic valve assembly as set forth in claim 13

wherein said valve member further includes at least one valve element

disposed upon said valve member, said at least one valve element having a

valve sealing surface.
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A solenoid actuated pneumatic valve assembly as set forth in claim 14
wherein at least one valve seat is defined in said valve bore and is adapted
to provide a sealing contact with said valve sealing surface of said valve
element when said valve member is in a closed position thereby interrupting

said flow of pressurized air through said valve bore.

A solenoid actuated pneumatic valve assembly as set forth in claim 15
wherein said valve bore further includes an open end and a closed end, said
valve assembly further includes a biasing member operatively disposed
within said valve bore and adapted to provide a biasing force between said
closed end of said valve bore and one end of said valve member, such that

said valve member is operatively biased in one direction.

A solenoid actuated pneumatic valve assembly as set forth in claim 16
further including at least one exhaust port defined within said valve body in
fluid communication with said valve bore such that said valve element is
operable to selectively direct a flow of pressurized air from said outlet port
through said valve bore to said at least one exhaust port.
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A solenoid actuated pneumatic valve assembly comprising:

a valve body having a pressurized air supply inlet port in fluid communication
with a source of pressurized air, an outlet port adapted to be in fluid
communication with at least one active pneumatically operated device, and a
pass-through port adapted to be in fluid communication with and provide a
pass-through of the supply of pressurized air to the inlet port of at least one
other valve assembly, such that said valves are operatively in series with
respect to the supply of pressurized air;

a valve bore extending axially within said valve body and a valve
member movable between predetermined positions within said valve bore
and adapted to selectively direct a flow of pressurized air from said inlet port
through said valve bore to said outlet port;

a solenoid assembly mounted upon said valve body and adapted to
selectively actuate said valve member between predetermined positions
within said valve to direct the flow of pressurized air within the valve body;
and

a latching assembly integrally formed with said valve body extending
away from said valve body and generally having the same shape as an
aperture in an associated mounting plate, said latching assembly further
having a first flanged lip protruding laterally outward from said integral
extending portion of said valve body opposite to a second flanged lip and a
biasing latch member, said first flanged lip defines a first mounting channel
adapted to accept and retain one side of the aperture in the mounting plate,
said second flanged lip defining a second mounting channel adapted to
accept the opposite side of the mounting plate aperture, said biasing latch
member disposed within said latching assembly and providing a biasing force

to retain said latching assembly within the aperture of the mounting plate.
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