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(57) Abrege/Abstract:
A valve assembly Includes a solenoid can having an internal coll. A valve body connected to the solenoid can includes an Iinlet port

and a first valve seat. An axially adjustable retainer threadably connected to the valve body includes an end portion defining a
second valve seat. A homogenous valve member/armature slidably disposed In the valve body moves In the presence of a coll
generated magnetic flux between valve closed and valve open positions. A valve member/armature first surface area Is In fluid
communication with a pressurized fluid through the Inlet port. A valve member/armature second surface area Is In fluid
communication with the pressurized fluid in the valve closed position. The first surface area Is equal to the second surface area and
the pressurized fluid acts equally on the first and second surface areas defining a pressure balanced condition In the valve closed
position.
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(57) Abstract: A valve assembly includes a solenoid can having an mternal coil. A valve body connected to the solenoid can in-
cludes an inlet port and a first valve seat. An axially adjustable retainer threadably connected to the valve body mncludes an end
portion defining a second valve seat. A homogenous valve member/armature slidably disposed i the valve body moves in the
presence of a coil generated magnetic flux between valve closed and valve open positions. A valve membetr/armature first surface
area 1s 1n fluid communication with a pressurized fluid through the mlet port. A valve member/armature second surface area i1s in
fluid communication with the pressurized tluid in the valve closed position. The first surface area i1s equal to the second surface
area and the pressurized tluid acts equally on the first and second surface areas defining a pressure balanced condition in the valve
closed position.
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BALANCED SOLENOID VALVE

FIELD
[0002] The present disclosure relates to solenoid operated valves used
to isolate and control flow of a pressurized fluid.

BACKGROUND

[0003] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0004] Solenoid operated valves are known which provide control of a
fluid such as pressurized air for use in operating additional equipment such as
sorters, packaging machines, food processors, and the like. In order to retain
the solenoid operated valve in a closed position, biasing members such as
springs are known.

[0005] It is also known, for example, in United States Patent 4,598,736
to Chorkey that an inlet pressure of the pressurized fiuid can be balanced within
the valve to reduce the force required by the solenoid assembly to move a vaive
member between closed and open positions. Known designs have several
drawbacks however. The valve member is often assembled from several parts
which increases the valve costs. Known designs also provide separate resilient
vailve elements which can be widely spaced from each other to provide a valve

‘open and a valve closed seal. A total displacement or throw of the valve

member is commonly not adjustable. Balancing the valve member to allow free
sliding motion of the valve member often requires multiple flow passages, which
also increases valve costs and complexity. In addition, common valve designs
do not provide for éxially adjusting the spacing between seating surfaces and
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therefore cannot adapt to control seating integrity as wear of the resilient seal
material occurs. Common valves aiso lack the capability to prevent the system
fluid from contacting the coil of the solenoid assembly. Moisture and dirt as
contaminants in the fluid can therefore enter the solenoid assembly which can
result in valve sticking, reduced valve power, or delayed operating times.

SUMMARY

According to one aspect of the present invention there is provided
a solenoid operated valve assembly, comprising: a solenoid can; a valve body
connected to the solenoid can; a pole piece connected to the solenoid can operable
to transfer a magnetic flux; a homogenous valve member/armature slidably disposed
in the valve body and movable from a valve closed position to a valve open position
in the presence of the magnetic flux; and a bushing portion engageable with the
solenoid can having a predetermined length adapted to provide a non-zero clearance
gap between the pole piece and the valve member/armature in either an energized
or a de-energized position of the valve member/armature.

According to a further aspect of the present invention there is
provided a solenoid operated valve assembly, comprising: a solenoid can; a valve
body connected to the solenoid can having a valve seat; a pole piece threadably
connected to the solenoid can operable to transfer a magnetic flux; a valve
member/armature slidably disposed in the valve body and movable from a valve
closed position to a valve open position in the presence of the magnetic flux, the
valve member/armature having a resilient material valve element; a bushing portion
engageable with the solenoid can having a predetermined length adapted to create a
non-zero width clearance gap between the pole piece and the valve
member/armature in either an energized or a de-energized position of the valve
member/armature to prevent contact between the valve member/armature and the
pole piece; and a biasing member positioned in the valve body operable to
_continuously bias the valve member/armature away from the pole piece and toward

the valve closed position wherein the valve element is in contact with the valve seat.
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According to another aspect of the present invention there is
provided a solenoid operated valve assembiy, comprising: a solenoid can having a
coil; a valve body connected to the solenoid can; a pole piece connected to the
solenoid can operable to transfer a magnetic flux; a valve member/armature created
as a unitary combination of a valve member connected to an armature, the valve
member/armature slidably disposed in the valve body and movable from a valve
closed position to a valve open position in the presence of the magnetic flux; and a
solenoid bushing received in the solenoid can having a length creating a non-zero
clearance gap between the pole piece and the valve member/armature in either an

energized or a de-energized position of the valve member/armature.

According to several embodiments of a pressure balanced
solenoid operated valve of the present disclosure, a pressure balanced solenoid
operated valve includes a solenoid can. A valve body is connected to the
solenoid can. A pole piece connected to the solenoid can is operable to transfer
a magnetic flux. A homogenous valve member/armature is slidably disposed in
the valve body and is movable from a valve closed position to a valve open
position in the presence of the magnetic fiux.

According to other embodiments, a solenoid operated valve
assembly includes a solenoid can having an internally disposed coil. A valve
body is connected to the solenoid can. The valve body has a first valve seat. A
pole piece connected to the solenoid can transfers a magnetic flux generated by
the coil. An axially adjustable retainer is threadably connected to the valve body.
An end portion of the retainer defines a second valve seat. Axial displacement
of the retainer axially positions the second valve seat with respect to the first
valve seat. A homogenous valve member/armature slidably disposed in the
valve body is movable in the presence of the magnetic flux from a valve closed

position having a resilient valve element in contact with the first valve seat to a
valve open position having the resilient valve element in contact with the second

valve seat.

2a
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According to still other embodiments, a pressure balanced
solenoid operated valve assembly includes a solenoid can having an internally
disposed coil. A valve body is releasably connected to the solenoid can. The
valve body has an inlet port and a first valve seat. An axially adjustable retainer

is threadably connected to the valve body, and has an end portion defining a
second valve seat. A homogenous valve member/armature is slidably disposed

2b
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in the valve body and is movable in the presence of a magnetic flux generated
by the coil between a valve closed position and a valve open position. A first
surface area of the valve member/armature is in fluid communication with a
pressurized fluid through the inlet port. A second surface area of the valve
member/armature is in fluid communication with the pressurized fluid in the valve
closed position. The first surface area is substantially equal to the second
surface area with the pressurized fluid acting equally on both the first and
second surface areas defining a pressure balanced condition in the valve closed
position.

[0009] According to still other embodiments, a solenoid operated valve
assembly includes a solenoid can. A valve body is connected to the solenoid
can. A pole piece connected to the solenoid is operable to transfer a magnetic
flux. A homogenous valve member/armature slidably disposed in the valve body
IS axially movable from a valve closed position to a valve open position by a
pulling force of the magnetic flux operable to pull the valve member/armature
toward the pole piece.

[0010] According to additional embodiments, a solenoid operated
valve assembly includes a solenoid can having an internally disposed coil. A
valve body is connected to the solenoid can. An axially adjustable retainer is
threadably connected to the valve body. A pole piece Is connected to the
solenoid can operable to transfer a magnetic flux generated by the coil. A
homogenous valve member/armature slidably disposed in the axially adjustable
retainer is operably pulled by a magnetic flux generated by the coil toward the
pole piece between a valve closed position and a valve open position. A seal
member disposed between the valve member/armature and the axially
adjustable retainer is operable to create a fluid seal between the valve
member/armature and the axially adjustable retainer to prevent a pressurized
fluid within the valve body from contacting the coil in any of the valve open and
closed positions.

[0011] According to other embodiments, a bushing portion is
engageable with the solenoid can having a predetermined length adapted to

provide a non-zero clearance gap between the pole piece and the valve
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member/armature in either an energized or a de-energized position of the valve
member/armature.

[0012] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure.

DRAWINGS

[0013] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0014] Figure 1 is a cross sectional side elevational view of a 3-way
pressure balanced solenoid operated valve of the present disclosure in a de-
energized position;

[0015] Figure 2 is a cross sectional side elevational view of the valve
of Figure 1 in an energized position;

[0016] Figure 3 is a cross sectional side elevational view showing area
3 of Figure 1;

[0017] Figure 4 is a cross sectional side elevational view of another
pressure balanced solenoid operated valve modified from Figure 1 to add a fluid
seal preventing fluid entrance into the solenoid assembly;,

[0018] Figure 5 is a cross sectional side elevational view of the valve
of Figure 4 in a valve open position, further showing the valve connected to a
valve body block;

[0019] Figure 6 is a cross sectional side elevational view of a two-way
pressure balanced on the inlet side solenoid operated valve of the present
disclosure;

[0020] Figure 7 is a side elevational view of another embodiment of a
two-way pressure balanced on the inlet side solenoid operated valve of the
present disclosure;

[0021] Figure 8 is a perspective view of a manifold assembly having a
plurality of the two-way pressure balanced valves of Figure 7 in communication

with multiple flow distribution devices;
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[0022]  Figure 9 is a cross sectional side elevational view of a two-way
pressure balanced on the inlet side solenoid operated valve of the present

disclosure modified from the valve of Figure 6:

[0023] Figure 10 is a cross sectional side elevational view showing
area 10 of Figure 9;
[0024] Figure 11 is a cross sectional side elevational view of a

modified 2-way pressure balanced solenoid operated valve of the present

disclosure in a de-energized position; and

[0025] Figure 12 is a cross sectional side elevational view of the valve

of Figure 11 shown in an energized position.

[0025.1] Figure 13 is a cross sectional side elevational view of the

valve of Figure 11, wherein the valve member is connected to the armature in a

unitary press-fit combination.

[0025.2] Figure 14 is a cross sectional side elevational view of the

15 valve of Figure 11, wherein the valve member is connected to the armature in a

20

29

30

unitary threaded combination.

DETAILED DESCRIPTION

[0026] The foliowing description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses. It should be
understood that throughout the drawings, corresponding reference numerals
Indicate like or corresponding parts and features.

[0027] Referring generally to Figure 1, a valve assembly 10 of the
present disclosure includes a valve body 12 releasably connected to a solenoid
can 14 using a threaded connection 16. A combined valve member/armature 18
Is slidable in either of a valve closing direction “A” or a valve opening direction
‘B Valve member/armature 18 is made as a homogenous or unitary

combination of a valve member and an armature in a single element. In several

embodiments, valve member/amrmature 18 is made from a magnetically effected
material such as steel, stainless steel, and the like.

[0028] A coil 22 which includes wire in a plurality of windings is
positioned within solenoid can 14. An adjustable pole piece 24 is positioned
within coil 22 and connected to solenoid can 14 using a threaded connection 26.
Adjustable pole piece 24 transfers a magnetic flux from an energized coil 22 to

“pull” valve member/armature 18 from a valve closed to a valve open position. A
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biasing member 28, such as a coiled spring, within valve body 12 provides a
biasing force to continuously bias the valve member/armature 18 toward the

valve closing direction "A". In the valve closed position shown, a clearance gap
30 is provided between valve member/armature 18 and adjustable pole piece 24.

Clearance gap 30 is created when biasing member 28 biases valve
member/armature 18 in the valve closing direction “A”. Clearance gap 30 is
adjustable by rotating adjustable pole piece 24 using threaded connection 26 to
axially displace adjustable pole piece 24 in either of the valve opening direction
“A” or the valve closing direction “B”. Clearance gap 30 defines a total valve
member/armature 18 axial displacement between the valve closed (de-
energized) and valve open (energized) positions plus overstroke. Clearance gap
30 also provides for adjustable axial displacement to compensate for wear of the
valve member and/or valve seat. Clearance gap 30 can be adjusted throughout
the life of the valve assembly to maintain the response time of the valve
consistent. Decreasing clearance gap 30 decreases the time it takes for the
valve to open, i.e., the valve opening time, and conversely, increasing clearance
gap 30 increases a valve opening time. Clearance gap 30 is initially set to
achieve optimal performance for the particular application.

[0029]  Afirst end of biasing member 28 is positioned within a member
Cavity 32 created at an end 34 of valve member/armature 18. A second end of
biasing member 28 is retained within a pole piece cavity 36 created in a pole

piece end 38 of adjustable pole piece 24. A solenoid bushing 40 is positioned
between coil 22 and valve member/armature 18. Valve member/armature 18 is

slidably disposed within a bushing bore 42 of solenoid bushing 40. A material for
solenoid bushing 40 can be provided of a magnetic material such as steel or
stainless steel and provides a sliding fit for valve member/armature 18. An
electrical connector member 44 which can include one or more electrical wires is
connected to and extends outwardly from coil 22. Electrical connector member

44 provides electrical power to energize coil 22 from a power source (not
shown). Solenoid can 14, valve member/armature 18, coil 22. adjustable pole
piece 24, solenoid bushing 40, and electrical connector member 44 together
define a solenoid assembly.

[0030] A pressure equalizing passage 46 extending throughout a
length of valve member/armature 18 is oriented longitudinally and substantially

co-axially with a corresponding passage 48 created through adjustable pole
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piece 24. Pressure egualizing passage 46 and passage 48 together provide a
flow path for fluids such as air which is displaced as valve member/armature 18
slides within valve body 12. Pressure equalizing passage 46 can also vent fluid
(e.g., air) which Is present due to seal leakage.

[0031] Valve body 12 includes an inlet port 50 which is in fluid
communication with an inlet passage 52 which in turn connects to a pressurized
chamber 54. Inlet passage 52 can be the same or a larger diameter as inlet port
50 or it can be smaller as shown. Inlet passage 52 can further be in the form of
slots, or provided in other geometric shapes, Iincluding but not limited to
rectangular, oval, and the like. Fluid in pressurized chamber 54 is provided from
a source (not shown) of pressurized fluid such as air. The pressurized fluid is
retained within pressurized chamber 54, when valve assembly 10 is in the valve
closed position, by a seal 56 disposed in a piston 58 defining an end of valve
member/armature 18. Piston 58 is slidably received within a cylinder bore 60 of
valve body 12. An end of pressurized chamber 54 opposite from seal 56 is
sealed when a valve element 62 is engaged with a first valve seat 64 of valve
body 12. First valve seat 64 can define a sharp cornered, beveled, or rounded
surface. Valve element 62 can be formed or machined from the same material
as valve member/armature 18 or can be made of a resilient material such as
rubber or synthetic rubber material connected such as by bonding, over-molding,
loose seal, or other known processes to valve member/armature 18. Valve
member/armature 18 can be made of any material able to be affected by the
magnetic flux created through adjustable pole piece 24 when coil 22 is
energized.

[0032] Valve body 12 also includes a cylinder port 66 in fluid
communication with a cylinder port passage 68. An exhaust port 70 Is also
provided in valve body 12 which is in fluid communication with an exhaust port
passage 72. Cylinder port passage 68 is in fluid communication with a cylinder
port chamber 74. In several embodiments, cylinder port chamber 74 is created
as a circumferential cavity in valve body 12. Exhaust port passage 72 is in fluid
communication with an exhaust port chamber 76. In several embodiments,

exhaust port chamber 76 is created as a circumferential depression or cavity In
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valve member/armature 18, which Is positioned proximate to exhaust port 70 In
any operating position of valve member/armature 18.

[0033] When valve assembly 10 is in the valve closed position, fluid
within exhaust port chamber 76 Is exhausted through an exhaust port cavity 78
which is In fluid communication via exhaust port passage 72 with exhaust port
/0. According to several embodiments, exhaust port cavity /78 Is created as a
circumferential slot provided in an adjustable retainer 80 which is positioned
proximate to exhaust port passage 72. Adjustable retainer 80 is connected to
valve body 12, after insertion of valve member/armature 18, using a threaded
connection 82 to be axially adjustable parallel to valve longitudinal axis 20 by
rotating adjustable retainer 80. By axially moving adjustable retainer 80, a
distance between adjustable retainer 80 and valve element 62 Iin the valve
closed position can be increased or decreased and set at the optimal or desired
position. This adjustment also determines a flow rate of the valve. A fluid seal is
created between adjustable retainer 80 and an inner wall of valve body 12 using
a first and a second O-ring 84, 86. First and second O-rings 84, 86 straddle
exhaust port cavity 78, exhaust port passage 72, and exhaust port 70 and create
a fluid seal which prevents fluid transfer through the exhaust port 70 or through
the coil 22 section when valve member/armature is positioned in the valve open
position.

[0034] Valve body 12 further includes a plurality of body seals which in
the example shown are provided as rubber or resilient material O-rings, but
which can also be other types of seals adaptable to act about the perimeter of
valve body 12. These seals include a first body seal 88, a second body seal 90,
a third body seal 92, and a fourth body seal 94. First, second, third and fourth
body seals 88, 90, 92, 94 are partially received in seal cavities or circumferential
slots created Iin valve body 12 and are intended to sealingly mate with a valve
body block such as the body block shown and described in reference to Figure
5. In several embodiments, valve body 12 having first, second, third and fourth
body seals 88 through 94 therefore defines a cartridge assembly which is

slidably received in and is removable from the corresponding body block.
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[0035] The valve closed position shown in Figure 1 is defined by
engagement of a first side 95 of valve element 62 with first valve seat 64. The
pressurized fluid provided through inlet port 50 is thereby retained within
pressurized chamber 54. In the valve closed position fluid pressure in cylinder
port 66 is vented through exhaust port 70 by a path which includes cylinder port
chamber 74, exhaust port chamber 76, exhaust port cavity 78, and exhaust port
passage /2. In the valve closed position, coil 22 is de-energized which allows
the biasing force provided by biasing member 28 to bias valve member/armature
18 toward the valve closing direction “A” which seats valve element 62 against
first valve seat 64. As previously noted, clearance gap 30 provided between first
end 34 of valve member/armature 18 and pole piece end 38 of adjustable pole
piece 24 Is adjustable and can be made smaller or larger by rotating adjustable
pole piece 24 using threaded connection 26 to either increase or decrease
clearance gap 30. Increasing or decreasing clearance gap 30 can increase or
decrease, respectively, an opening and closing time of valve assembly 10.
Clearance gap 30 can also be maintained during the life of valve assembly 10,
for example to allow for compression set or wear of valve element 62.

[0036] Axial adjustment of adjustable pole piece 24 operably controls a
dimension “X” of clearance gap 30 created between adjustable pole piece 24
and the valve member/armature 18 with the valve member/armature 18 in the
valve closed position. The clearance gap 30 also equates to a total throw
distance of the valve member/armature 18, determined by a distance between
the opposed valve seats, which eftects the operating time of valve assembly 10.
According to several embodiments, clearance gap 30 can be approximately
0.005 inches (0.13 mm). Access to adjustable pole piece 24 is provided through
an open end of valve assembly 10, therefore adjustable pole piece 24 can be
rotated to axially adjust its position to control the stroke or over-stroke of the
solenoid assembly even when coil 22 of the valve is energized. Field adjustment
of valve assembly 10 is therefore provided. Field adjustment also optimizes a
valve shifting force, provides for wear compensation, and can be used to keep

response times consistent throughout a valve lifespan.



CA 02721817 2013-07-12

[0037] Referring now to Figure 2, when coil 22 is energized a magnetic
field or flux defining a pulling force iIs created through adjustable pole piece 24 which
magnetically pulls or draws valve member/armature 18 in the valve opening direction “B”
overcoming the biasing force of biasing member 28. A second valve seat 96 is defined at
an end of adjustable retainer 80. The valve open position is defined when first side 95 of
valve element 62 has moved away from first valve seat 64 and an opposed second side
97 of valve element 62 contacts second valve seat 96. The valve open position aiso
occurs when clearance gap 30" Is reduced but not permitted to reach a zero value, which
would allow valve member/armature 18 to contact adjustable pole piece 24. Contact
between valve member/armature 18 and adjustable pole piece 24 is undesirable
because full sealing contact may not be present between valve member/armature 18 and
adjustable pole piece 24, and because repeated contact can result in peening of the
metal parts and increased noise. Eliminating contact therefore increases the operating
life of valve assembly 10 by eliminating metal wear. The position of the pole piece 24
with respect to the valve member/armature 18 therefore defines clearance gap 30
having a non-zero value for all operating conditions of the valve assembly.

[0038] Second valve seat 96 can define a sharp cornered, beveled, or
rounded end of adjustable retainer 80 positioned proximate to valve element 62. First
valve seat 64 can also define a sharp cornered, beveled, or rounded shape. As
previously noted, adjustable retainer 80, and therefore a position of second valve seat
96, is longitudinally adjustable by rotation of adjustable retainer 80 using threaded

connection 82. By adjusting the axial position of adjustable retainer 80 and therefore

second valve seat 96, a total distance “Y” between first valve seat 64 and second valve
seat 96 can be adjusted. This adjustment allows for compression set and wear of valve
element 62 and adjustment of the valve opening and closing times.

[0039] With coil 22 in the energized condition, valve assembly 10 will
remain in the valve open position shown in Figure 2. In the valve open position, the fluid
such as pressurized air provided through inlet port 50 into pressurized chamber 54 is

discharged via cylinder port chamber 74, cylinder port passage 68, and cylinder port 66

to a fluid operated component or device (not shown).

10
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Flow through valve assembly 10 is therefore in an inlet flow direction “C” through
inlet port 50 and in an outlet flow direction “D” from cylinder port 66.

[0040] When valve element 62 is in contact with second valve seat 96
exhaust port 70 Is isolated. In addition to the exit path provided by exhaust port
70, In the valve open position fluid in valve assembly 10 can also exit through a
passage 98 defined between valve member/armature 18 and a bushing sleeve
100 of solenoid bushing 40. Fluid escaping through passage 98 will exit valve
body 12 and valve assembly 10 through threaded connection 26 and therefore
can contact coll 22. These paths are isolated in the valve closed position.
Because it is anticipated that a pressure differential between fluid in exhaust port
chamber 76 and exhaust port 70 is significantly less than a pressure differential
between exhaust port chamber 76 via passage 98 and threaded connection 26,
fluid will generally discharge via exhaust port 70 in the valve closed position.
When coill 22 Is de-energized, biasing member 28 will return valve
member/armature 18 to the valve closed position shown in Figure 1.

[0041] Referring now to both Figures 2 and 3, when valve
member/armature 18 is in the valve closed position (Figure 3) or the valve open
position (Figure 2), a “pressure balanced” condition exists due to the geometry
provided at opposed ends of pressurized chamber 54. As specifically shown in
Figure 3, when valve element 62 is in contact with first valve seat 64, a first
surface area “E” of a piston end wall 102 is substantially equal to a second
surface area “F” of the corresponding fluid exposed portion of valve element 62.
Therefore, a fluid pressure “P+{” acting against first surface area “E” Is
substantially equal to a fluid pressure “P,” acting against second surface area
“F”. Because pressure “P¢" Is substantially equal to pressure “P,” the source
pressure at inlet port 50 does not act to displace valve member/armature 18 from
the valve closed position. The pressure balanced condition permits the biasing
force provided by biasing member 28 (not shown in this view) to be the sole
force acting to retain valve member/armature 18 in the valve closed position.
When coil 22 is subsequently energized, neglecting the static forces affecting
valve member/armature 18, the Input force required to move valve

member/armature 18 from the valve closed to the valve open positions only has
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to be greater than the biasing force of biasing member 28. This reduces the
amount of energy required to displace valve member/armature 18 and therefore
reduces the opening time of valve assembly 10. Even if valve element 62 wears
over time with use, second surface area “F” is substantially unchanged, therefore
retaining the pressure balanced condition on valve member/armature 18. A
distance “Z” between a corner defined as second valve seat 96 of adjustable
retainer 80 and a second face 103 of valve element 62 is shown. Distance “Z” is
adjustable by axial displacement of adjustable retainer 80. The pressure
balanced condition also occurs with the valve in the valve open position (Figure
2) when fluid flow through cylinder port 66 stops, because the area of the
opposed valve seat surfaces is substantially equal. These areas being pressure
balanced also keep valve response times consistent with any variation of fluid
pressure.

[0042] Referring back to Figure 2, when valve assembly 10 is in the
valve open position, after the fluid volume has passed from inlet port 50 through
cylinder port 66 which is used to operate the downstream equipment, the fluid
pressure at inlet port 50 is substantially equal to the fluid pressure at cylinder
port 66. A “pressure balanced” condition substantially exists in the valve open
position due to the angular shape of the opposed sides of valve element 62.
The fluid pressure acting against opposed sides of valve element 62 at the point
of contact of valve element 62 and second valve seat 96 is substantially equal.
When coll 22 is subsequently de-energized, the biasing force of biasing element
28 needs to overcome only minimal fluid pressure to initiate movement of valve
member/armature 18 from the valve closed position in the valve closing direction
“A” back to the valve closed position shown in Figure 1.

[0043] Referring now to Figure 4, a valve assembly 104 is modified
from valve assembly 10 to add a fluid seal. A valve member/armature 106 is
modified from valve member/armature 18 by adding a seal member 108 such as
an O-ring which is positioned within a seal groove 110 created in valve
member/armature 106. Seal member 108 provides a fluid seal between valve

member/armature 106 and a bore face 112 of adjustable retainer 80. The
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remaining components of valve assembly 104 are substantially unchanged from
valve assembly 10.

[0044] By adding seal member 108 to valve assembly 104, passage
98 is isolated under any operating condition of valve assembly 104. Use of seal
member 108 can be selected depending upon the type of fluid to be controlled
by valve assembly 104, for example in environments when the fluid is not easily
filtered to remove contaminants such as dirt or moisture, or when the fluid is
corrosive with respect to the materials of valve assembly 10 including coil 22.
Use of seal member 108 prevents the damaging effects of the unfiltered or
corrosive fluid from reaching the coil 22 area of valve assembly 104. When a
valve element 114 of valve member/armature 106 contacts a valve seat in either
the valve closed position or the valve open position, and for any position in
between, seal member 108 isolates the flow path of passage 98 and threaded
connection 26. The addition of seal member 108 also provides for the capability
to use valve assembly 104 as a normally closed valve, a normally open valve, as
a selector, or as a diverter assembly. The inlet port can also be relocated to any
of the identified ports and valve assembly 104 can also be used with a vacuum
system connected.

[0045] Referring now to Figure 5, an exemplary installation of valve
assembly 104 in a body block 116 is shown. Valve assembly 10 (not shown)
would be similarly installed. Body block 116 is exemplary of any type of
configuration for a receiving member of valve assembly 104. Body block 116
can include a plurality of fluid ports which define fluid communication paths for
each of inlet port 50, cylinder port 66, and exhaust port 70. These fluid ports
include a first fluid port 118 in fluid communication with each of the inlet ports 50,
a second fluid port 120 in fluid communication with each of the cylinder ports 66,
and a third fluid port 122 in fluid communication with each of the exhaust ports
70. First, second and third fluid ports 118, 120, 122 can be adapted to receive a
connector 124 such as a threaded, welded, swaged, or other similar connector.
Each connector 124 is in turn connected to a fluid line 126 which can provide for

example a source of pressurized fluid to inlet port 50, a flow path for fluid
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discharged from valve assembly 104 to a pressure operable device, or to vent
the fluid to atmosphere from exhaust port 70.

[0046] In the example shown by Figure 5, valve member/armature 106
IS positioned In the valve open position which provides a path of fluid
communication between inlet port 50 and cylinder port 66. In this condition, fluid
at inlet port 50 will pass through valve assembly 104 and discharge via cylinder
port 66. Body seals such as first, second, third, and fourth body seals 88
through 94 permit valve assembly 104 to be releasably inserted as a cartridge
into body block 116. This permits valve assembly 104 to be removed for
maintenance such as replacement of any of the various seals or adjustment of
adjustable retainer 80.

[0047] Referring now to Figure 6, a two-way valve assembly 128 of the
present disclosure includes a valve body 130 releasably connected to a solenoid
can 132 using a threaded connection 134. A valve member/armature 136 Is
slidably disposed in valve body 130 for sliding motion on a valve longitudinal axis
138. Similar to valve member/armature 18, valve member/armature 136 is
displaceable in each of the valve closing direction “A” and the valve opening
direction “B”.

[0048] A coil 140 is disposed within solenoid can 132. An axially
adjustable pole piece 142 similar to adjustable pole piece 24 is connected to
solenoid can 132 using a threaded connection 144. A biasing member 146 such
as a coil spring similar to biasing member 28 is positioned between a flanged
portion 148 of valve member/armature 136 and a solenoid bushing 150. Biasing
member 146 biases valve member/armature 136 in the valve closing direction
“A” and therefore defines a clearance gap 151 between valve member/armature
136 and adjustable pole piece 142 when valve member/armature 136 is Iin the
valve closed position. Clearance gap 151 is similar in function and adjustment to
clearance gap 30 provided for valve assembly 10.

[0049] Valve member/armature 136 is slidably disposed within a
bushing sleeve 152 of solenoid bushing 150. A passage 154 is created between

bushing sleeve 152 and valve member/armature 136 similar to passage 98. A
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pressure equalizing passage 156 is also provided in valve member/armature 136
similar in function to equalizing passage 46.

[0050] Valve body 130 includes an inlet port 158 which is disposed at
an angle a with respect to valve longitudinal axis 138. According to several
embodiments angle a is approximately 45 degrees, but can vary at the discretion
of the manufacturer. Inlet port 158 is in fluid communication with a pressurized
chamber 160. Fluid in pressurized chamber 160 Is retained by a seal 162 such
as an O-ring circumferentially retained about a piston 164 of valve
member/armature 136. Seal 162 contacts a cylinder bore 166 of valve body 130
to create a pressure fluid boundary at one end of pressurized chamber 160. An
opposite end of pressured chamber 160 is created when a valve element 168
similar to valve element 62 contacts a valve seat 170 of valve body 130. The
pressure balanced condition of valve assembly 10 is duplicated by the
configuration of two-way valve assembly 128.

[0051] Valve body 130 further includes a cylinder port 172 which is in
fluid communication using a cylinder port passage 174 with a cylinder port
chamber 176. Fluid pressure in inlet port 158 in normally isolated from cylinder
port chamber 176 and therefore from cylinder port 172 in the valve closed
position by contact of valve element 168 with valve seat 170. A seal member
(not shown) such as seal member 108 shown and described in reference to
Figure 4 can also be added to valve member/armature 136 to prevent
pressurized fluid transfer through passage 154 and threaded connection 144.
This seal member can be positioned in flanged portion 148 or between valve
member/armature 136 and bushing sleeve 152.

[0052] Valve body 130 differs from valve body 12 in its geometry
proximate to the position of piston 164. A first body seal 178 such as an
elastomeric material O-ring is positioned in a slot or groove created in an end
face 180 of valve body 130. End face 180 is oriented substantially perpendicular
to valve longitudinal axis 138. A second body seal 182 and a third body seal 184
are both disposed in corresponding slots created in a side face 186 of valve

body 130. An angularly oriented face 188 is created between end face 180 and
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side face 186. Angled face 188 is substantially perpendicular to a central axis
189 of inlet port 158.

[0053] Operation of two-way valve assembly 128 is similar to each of
valve assemblies 10 and 104. When coil 140 is de-energized the biasing force
of biasing member 146 urges valve member/armature 136 toward the valve
closed position. When coil 140 is energized, the magnetic flux induced through
adjustable pole piece 142 pulls or draws valve member/armature 136 toward
adjustable pole piece 142 until clearance gap 151 is reduced substantially to
zero. Contact between valve member/armature 136 and adjustable pole piece
142 is anticipated in the design of two-way valve assembly 128. An additional
item such as a resilient material bushing or pad (not shown) can be positioned
between valve member/armature 136 and adjustable pole piece 142, it desired,
to reduce contact force and associated noise. When valve member/armature
136 moves in the valve opening direction “B”, valve element 168 withdraws from
valve seat 170 allowing fluid in pressurized chamber 160 to discharge via
cylinder port chamber 176, cylinder port passage 174 and through cylinder port
172. The use of flanged portion 148 of valve member/armature 136 allows
biasing member 146 to be positioned outside of valve member/armature 136,
eliminating the need for member cavity 32 and pole piece cavity 36 of valve
assembly 10.

[0054] Referring now to Figure 7, a two-way valve assembly 190 is
modified from two-way valve assembly 128 by the addition of a plurality of
external body threads 192 which extend radially outward from a solenoid can
193. Threads 192 permit valve assembly 190 to be positively engaged with
internal threads of a manifold such as a manifold block 196 which will be better
described in reference to Figure 8. To assist in rotating valve assembly 190
during thread engagement, an opposed pair of wrench flats 194 (only one
wrench flat is visible in this view) are provided with solenoid can 193. A fastener
such as a wrench can engage wrench flats 194 to apply additional torque during
assembly. In addition, a slotted end can be provided in an adjustable pole piece

195 for engagement by a different installation tool such as a screwdriver.
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[0055] Referring now to Figure 8, a plurality of valve assemblies of the
present disclosure can be commonly connected to a manifold as a space and
costs saving measure, for operation of multiple components by the valve
assemblies. In an exemplary embodiment, a plurality of valve assemblies 190
are threadably connected into individual threaded receiving apertures of a
manifold block 196. The valve assemblies 190 can be arranged in substantially
parallel rows, indicated by first and second rows 198, 200. Groups of the valve
assemblies 190, as shown by an exemplary group 202, can be commonly
connected to one or more flow distribution devices 204. In the present
configuration, group 202 includes eight valve assemblies 190 which are
commonly connected by internal flow passages (not shown) of manifold block
196 and a device mounting block 206 to flow distribution device 204. Additional
groups of valve assemblies 190 can in turn be connected to each of flow
distribution devices 204°, 204", and 204™. The quantity of valve assemblies and
flow distribution devices is not limited by the exemplary configuration shown, and
can vary at the discretion of the manufacturer. Grouping multiple ones of the
valve assemblies also provides for ease in making the electrical connections to
the valve assemblies, as a wiring harness (not shown) can be used to electrically
energize multiple valve assemblies.

[0056] Referring now to Figure 9, another embodiment of a two-way
pressure balanced valve assembly 208 is modified from two-way valve assembly
128. Only the modified portions will therefore be further discussed. Two-way
valve assembly 208 Iincludes a valve body 210 having a homogenous valve
member/armature 212 slidably disposed therein. Valve body 210 is threadably
connected to a solenoid can 214. Solenoid can 214 has an adjustable pole
piece 216 threadably connected thereto, similar to adjustable pole piece 142.
Valve member/armature 212 and adjustable pole piece 216 are modified to
iInclude a resilient member 218 such as a coiled spring disposed within a
member cavity 220 and a pole piece cavity 222, respectively. Resilient member
218 biases valve member/armature 212 in a direction “H” tending to close valve

assembly 208.
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[0057] Valve member/armature 212 is modified from valve
member/armature 136 to include a radial flange portion 224 which includes an
outer surface 226 slidably received within a receiving cavity 228 of a raised body
portion 230. A seal 232 such as an O-ring positioned within a seal groove 234 of
radial flange portion 224 provides a fluid boundary seal to prevent fluid from
escaping past radial flange portion 224 and contacting a coil 236. Valve
member/armature 212 further includes a valve element 238 integrally connected
to valve member/armature 212 within a radial pocket 240 of valve
member/armature 212, and therefore is modified from valve elements 62 and
168 as will be described in better detail in reference to Figure 10. Valve element
238 contacts a valve seat 242 similar to valve seat 170. In order to load valve
member/armature 212 into valve body 210 in direction “H”, valve element 238 is
adapted to be detlectable in a direction “G” to allow valve element 238 to deflect
when disposed through receiving cavity 228 of raised body portion 230.

[0058] Referring now to Figure 10, both valve seat 242 and an internal
surface 243 defined by receiving cavity 228 have substantially the same
diameter “J”. An end wall 244 of radial flange portion 224 therefore defines a
surface area “K” which is substantially equal to a surface area “L” of a piston 245
(similar to piston 164) received in a piston cavity 246. Surface area “K” is also
substantially equal to a surface area “M” of a portion of valve element 238
exposed to fluid pressure in the valve closed condition shown. Surface areas “L”
and “M” are similar in function to first and second surface areas “E” and “F”
shown Iin Figure 3. When coil 236 (shown Iin Figure 9) is energized, valve
member/armature 212 is moved to a valve open position (not shown) and fluid
pressure acting on surface areas “L” and “K” are balanced.

[0059] Valve element 238 is modified from valve elements 62 and 168
by eliminating any portion of valve member/armature 212 extending radially
outward which was partially received within valve elements 62 and 168. In
contrast, valve element 238 iIs received In radial pocket 240 which allows the
portion of valve element 238 which freely radially extends away from valve
member/armature 212 to deflect or bend. To further assist deflection of valve

element 238 when valve member/armature 212 is loaded, a surface 247 of valve
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element 238 is oriented at an angle B with respect to an axis 248 oriented
substantially perpendicular to a longitudinal axis 250 of valve assembly 208.
According to several embodiments, angle B can vary from approximately 20
degrees up to approximately 60 degrees. This range of angles is not limiting,
however, and angle B can be larger or smaller at the discretion of the
manutacturer.

[0060] The coils 22, 140 for valve assemblies of the present disclosure
are shown herein as substantially circular or tubular in shape. This shape is not
limiting to the present disclosure. Additional coil shapes can also be used. such
as rectangular, or non-round shapes such as oval, or multiple other geometric
shapes. By varying the geometric shape of the coil, the coil wattage or valve
operating speed can be varied by varying the design and quantity of windings
defining an effective area of the coil. The remaining operating features of the
valve assemblies of the present disclosure can be maintained with the various
COil geometries described. The shape of the solenoid cans (14, 132, 193, 21 4)
and the adjustable pole pieces (24, 142, 195 216) can also be modified to
correspond to the geometric shape of the coil. For example, a generally
rectangular shaped solenoid can 193 can eliminate the need for the wrench flats
194 of valve assembly 190 shown in Figure 7.

[0061]  Although a cartridge style valve body (12,130, 190, 210) is
shown herein, the valve body can also have other configurations, such as but not
limited to inline or manifold body styles. A valve stroke defined as the axial
displacement of the valve member/armature (18, 106) from the valve closed to

the valve open position is predetermined Dy the axial location of the adjustable
retainer (80). A solenoid stroke generated by the solenoid assembly is

predetermined by the axial location of the adjustable pole piece (24, 142, 195
216). Valve assemblies of the present disclosure are also not limited to two-way
and three-way designs, and can also be 4-way or greater valves.

[0062] Referring to Figures 11, 13 and 14, according to additional
embodiments of the present disclosure, a 2-way valve assembly 252 includes a
valve body 276 having a valve member/armature 254 slidably disposed therein.
Valve member/armature 254 is made as a homogenous single element as best
seen in Figure 11, or a unitary combination as best seen in Figures 13 and 14

having a valve member 255a, 255¢ connected to an armature 255b, 255d.
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In several embodiments,
valve member/armature 254 is made from a magnetically effected material such

as steel, stainless steel, or the like. A first end 256 of valve member/armature
254 is slidably disposed within a bushing sleeve 257 of a solenoid bushing 258.
A pressure equalizing passage 259 is also provided in valve member/armature
254. An axially adjustable pole piece 260 is threadably connected to a solenoid
can 262 and is therefore axially adjustable with respect to solenoid can 262 and
valve member/armature 254. A coil 263 disposed in solenoid can 262 when
energized is operable using a magnetic field acting through first end 256 of valve
member/armature 254 to slide valve member/armature 254 from the de-
energized position shown, to the right as viewed in Figure 11. A pressure
equalizing passage 264 is also provided in pole piece 260 which axially aligns

~with pressure equalizing passage 259. A biasing member 266 in contact with

both solenoid bushing 258 and valve member/armature 254 normally biases
valve member/armature 254 to the ae-energized position shown when coil 263 is
de-energized.

[0063] A bushing portion 268 of valve body 276, made for example
from a metal such as brass is threadably connected using threads 270 to
solenoid can 262 and provides a sliding seal for valve member/armature 254.
The bushing ponion 268 can also be adapted to retain the solenoid bushing 258.
Bushing portion 268 defines a first valve seal when contacted by an overmolded
elastomeric material valve element 272 provided with valve member/armature

254. A second valve seal is created Dy contact between valve element 272 and
a valve seat 274 provided with a valve body 276. In the de-energized position of
valve member/armature 254 shown, a clearance gap 278 having a first width W,

IS present between an end face 280 of valve member/amature 254 and a face
282 ot pole piece 260.

[0064] Referring to Figure 12 and again to Figure 11, valve assembly
252 is shown with valve member/armature 254 moved 0 an energized position,
resulting from energizing coil 263. The magnetic field generated by coil 263
overcomes the biasing force of biasing member 266 to move valve
member/armature 254 in a sliding direction “U”. In the energized position,
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clearance gap 2/8 Is reduced from clearance gap 278, however end face 280 of
valve member/armature 254 is not permitted to contact face 282 of pole piece 260.
Clearance gap 278" defines a minimum value having a width W, which is less than
width W4, but always greater than zero to prevent physical contact between end face
280 of valve member/armature 254 and face 282 of pole piece 260. Physical contact
between end face 280 of valve member/armature 254 and face 282 of pole piece 260
IS prevented to eliminate the potential for physical wear between these two surfaces
and the noise which can accompany this contact.

[0065] Width W, of clearance gap 278’ is maintained greater than zero
by Initially predetermining a length “V" of bushing portion 268, and threadably
adjusting pole piece 260 using threads 290 of pole piece 260 threadably received by
corresponding threads 292 of solenoid can 262 as necessary. A seat surface 284
created on a free end 286 of bushing portion 268 is adapted to receive a surface 288
of valve element 272 when valve assembly 252 is energized. Because valve element
272 1s a resilient material, some over-travel of valve member/armature 254 in the
sliding direction "U” can occur after seat surface 284 initially contacts seat surface
284. Length "V" of bushing portion 268 is therefore initially predetermined to allow for
this over-travel as well as to allow for normal wear of valve element 272 with use.
Adjustment of the position of pole piece 260 toward or away from valve
member/armature 254 can also be made to refine width W, as necessary.
Subsequent control of width W, by axial adjustment in a direction “X” will increase
width W, above the minimum value of clearance gap 278’, for example to allow for
wear of valve element 272 and/or to adjust the magnetic field strength through pole
piece 260. As noted with the previously discussed embodiments, valve assemblies
252 of Figures 11 and 12 are also not limited to two-way or three-way designs, and
can also be 4-way or greater valves, having cartridge style valve bodies, and inline or
manifold body styles.

[0066] Pressure balanced solenoid operated valves of the present
disclosure offer several advantages. By controlling the geometry at opposed ends of

a pressurized chamber, a pressure balanced condition is created
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between a piston of a valve member/armature and a resilient valve element
seated against a valve seat. The pressure balanced condition allows the valve
member/armature to be retained in the valve closed position by the force of a
biasing member only. To move the valve member/armature to a valve open
position, the magnetic flux generated by a coil only has to overcome the biasing
force of the biasing member. Due in part to the pressure balanced design of
valve assemblies of the present disclosure, valve operating times less than
0.0004 seconds can be achieved, and valve operating frequencies greater than
2200 cycles per second can also be achieved. According to several
embodiments an axially adjustable retainer permits axial adjustment within a
range of approximately 0.002 inches (0.05 mm) to 0.025 inches (0.635 mm). By
providing an axially adjustable pole piece independent of the axially adjustably
second valve seat provided by the retainer, the overall solenoid stroke of the
valve can be retained throughout its life or adjusted. Access to the adjustable
pole piece is provided through an open end of the valve assembly, therefore the
pole piece can be axially adjusted over the life of the valve to control a stroke or
over-stroke of the solenoid assembly even when the valve is energized.
External seals provided on the valve body allow the valve body to be inserted or
removed as a cartridge assembly from an installed position in a valve body block

or similar structure.
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CLAIMNS:

]. A solenoid operated valve assembly, comprising:

a solenoid can;

a valve body connected to the solenoid can;

a pole piece connected to the solenoid can operating to transfer a magnetic flux;

a homogenous valve member/armature slidably disposed in the valve body and movable
from a valve closed position to a valve open position in the presence of the magnetic flux;

a bushing portion of the valve body engaged with the solenoid can having a
predetermined length establishing a non-zero clearance gap between the pole piece and the valve
member/armature in either an energized or a de-energized position of the valve
member/armature; and

a solenoid bushing retained in the solenoid can by the bushing portion, the solenoid
bushing having a bushing sleeve, the valve member/armature received in and 1n sliding contact
with the bushing sleeve;

a coll received in the solenoid can adapted when energized to provide the magnetic flux
to the pole piece to move the valve member/armature from the de-energized position toward the
pole piece to the energized position; and

a valve element having a first side adapted to contact the bushing portion in the energized

position of the valve member/armature.

2. The solenoid operated valve assembly of claim 1, wherein the valve element 1s a resilient
material allowing compression of the valve element and over-shoot of the valve

member/armature when the valve element contacts the bushing portion, wherein the clearance
gap allows for the over-shoot without permitting contact between the valve member/armature

and the pole piece.

3. The solenoid operated valve assembly of claim 1, wherein the pole piece includes a
plurality of threads adapted to be threadably received in the solenoid can to permit the pole piece
to be axially adjustable, wherein axial adjustment of the pole piece 1s operable to at least increase

the clearance gap above a minimum value between the pole piece and the valve
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member/armature in either the energized or the de-energized position of the valve

member/armature.

<3 The solenoid operated valve assembly of claim 1, wherein the bushing portion includes a

seat surface created proximate to a free end.

5. The solenoid operated valve assembly of claim 1, wherein the solenoid bushing includes
a bushing sleeve adapted to slidably receive the valve member/armature, wherein the bushing

portion is adapted to retain the solenoid bushing.

6. The solenoid operated valve assembly of claim 1, wherein the position of the pole piece
with respect to the valve member/armature defines a clearance gap having a non-zero value for

all operating conditions of the valve assembly.

7. A solenoid operated valve assembly, comprising:

a solenoid can;

a valve body connected to the solenoid can having a valve seat;

a pole piece threadably connected to the solenoid can operable to transfer a magnetic
flux;

a valve member/armature slidably disposed in the valve body and movable from a valve
closed position to a valve open position 1n the presence of the magnetic flux, the valve
member/armature having a resilient material valve element;

a solenoid bushing in direct contact with the solenoid can and slidably receiving the valve
member/armature;

a bushing portion in direct contact with the solenoid bushing, the bushing portion having
a predetermined length creating a non-zero width clearance gap between the pole piece and the
valve member/armature in either an energized or a de-energized position of the valve
member/armature to prevent contact between the valve member/armature and the pole piece; and

a biasing member positioned in the valve body between and in direct contact with the

solenoid bushing and the valve member/armature, the biasing member continuously biasing the
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valve member/armature away from the pole piece and toward the valve closed position wherein

the valve element is 1n contact with the valve seat.

8. The solenoid operated valve assembly of claim 7, wherein the valve member/armature
includes a first pressure equalizing passage extending throughout an entire length of the valve

member/armature.

9. The solenoid operated valve assembly of claim 8, further comprising a second pressure
equalizing passage extending throughout the pole piece and axially aligned with the first pressure

equalizing passage.

10. The solenoid operated valve assembly of claim 7, wherein the valve element of the valve

member/armature comprises an over-molded elastomer.

11. The solenoid operated valve assembly of claim 7, wherein the pole piece includes a
plurality of threads adapted to be threadably received in the solenoid can to permit the pole piece
to be axially adjustable with respect to the valve member/armature, wherein axial adjustment of
the pole piece is operable to at least increase the clearance gap between the pole piece and the
valve member/armature in either the energized or the de-energized position of the valve

member/armature.

12.  The solenoid operated valve assembly of claim 11, wherein axial adjustment of the pole
piece is operable to move the pole piece closer to the valve member/armature to initially set the
clearance gap at a minimum value between the pole piece and the valve member/armature

defined in the energized position of the valve member/armature.

13. A solenoid operated valve assembly, comprising:
a solenoid can having a coil;
a valve body connected to the solenoid can;

a pole piece connected to the solenoid can operable to transter a magnetic flux;
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a valve member/armature created as a unitary combination of a valve member connected
to an armature, the valve member/armature slidably disposed in the valve body and movable
from a valve closed position to a valve open position in the presence of the magnetic tlux; and

a solenoid bushing received in the solenoid can having a length creating a non-zero
clearance gap between the pole piece and the valve member/armature in either an energized or a
de-energized position of the valve member/armature, a first end of the valve member/armature
being slidably disposed within a bushing sleeve of the solenoid bushing; and

a biasing member in contact with both the solenoid bushing and the valve
member/armature normally biasing the valve member/armature to the de-energized position

when the coil 1s de-energized.

14. The solenoid operated valve assembly of claim 13, wherein the valve member/armature 1s

made from a magnetically effected material.

15. The solenoid operated valve assembly of claim 13, wherein the valve member/armature

comprises an elastomeric valve element over-molded onto the valve member.
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