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PNEUMATIC TIMING VALVE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Application No. 62/155,568 filed

on May 1, 2015, and entitled “PNEUMATIC TIMING VALVE,” the entire contents of
which are hereby incorporated by reference in their entirety.

BACKGROUND
The present disclosure relates to timing valves, and more particularly, to pneumatic

timing valves. Timing valves are used to control the rate at which fluid is dispensed by a
reciprocating pump. Timing valves accomplish this by controlling the rate at which the pump
reciprocates. The pump’s reciprocation rate determines the rate at which fluid is dispensed by
the pump. Timing valves control a pump’s rate of reciprocation by controlling how
frequently the pump alternates between receiving actuating fluid and exhausting actuating
fluid. This control is achieved by the timing valve alternating between a supply state and an
exhaust state. In the supply state, the pneumatic timing valve supplies actuating fluid to the
pneumatic pump and the pneumatic pump dispenses fluid by executing a forward stroke. In
the exhaust state, the pneumatic timing valve allows the pneumatic pump to exhaust
actuating fluid to an exhaust port allowing the pneumatic pump to execute a return stroke.
The more frequently the timing valve alternates between the supply state and the exhaust
state, the more frequently the pump reciprocates. The more frequently the pump reciprocates,
the greater the rate of fluid dispensing.

Existing pneumatic timing valves utilize a spring biased piston in contact with a
diaphragm to alternate between the supply state and the exhaust state. When the pneumatic
timing valve is in the supply state, a spring biases a piston so that actuating fluid may flow
from a fluid supply to a pneumatic pump. In the supply state, the piston is also biased against
a first surface so that fluid cannot flow from the fluid supply to a fluid exhaust port. In the
supply state, pressure builds on a side of the diaphragm opposite the piston. When the
pressure is great enough, the force on the diaphragm overcomes the spring and shifts the
piston to its position in the exhaust state. In the exhaust state, fluid flows from the pneumatic

pump and from an area adjacent to the diaphragm to the fluid exhaust port. In this state, the
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piston also cuts off flow from the fluid supply. When the timing valve is in the exhaust state,
the piston sits against a second surface and prevents fluid from flowing to the fluid exhaust
port from the fluid supply. Once the pressure on the diaphragm is reduced, the spring biases
the piston back into its position in the supply state and the cycle repeats. A drawback to this
design is that fluid may leak from the fluid supply to the fluid exhaust port while the piston
moves from its position in the supply state to its position in the exhaust state.
SUMMARY

One embodiment of the present invention includes a pneumatic timing valve. The
pneumatic timing valve comprises a housing, a spool positioned within the housing, a
pressurization chamber, and a spring. The housing comprises a main bore having a first end
and second end, a fluid inlet port, a fluid inlet passage that connects the fluid inlet port and
the main bore, a fluid outlet port, a fluid outlet passage that connects the fluid outlet port and
the main bore, and a fluid exhaust port that intersects the main bore. The spool is movable
between a first position and a second position. The spool comprises fluid passages configured
to connect the fluid inlet passage to the fluid outlet passage when the spool is in the first
position and to connect the fluid outlet passage and the exhaust port when the spool is in the
second position. The pressurization chamber is defined in the main bore between the first end
of the main bore and the spool. The spring is positioned so that it biases the spool toward the
pressurization chamber.

A second embodiment of the present disclosure includes a fluid dispensing system.
The fluid dispensing system comprises a pneumatic pump and a pneumatic timing valve that
controls pump speed. The pneumatic timing valve comprises a housing, a spool positioned
within the housing, a pressurization chamber, and a spring. The housing comprises a main
bore having a first end and second end, a fluid inlet port, a fluid inlet passage that connects
the fluid inlet port and the main bore, a fluid outlet port, a fluid outlet passage that connects
the fluid outlet port and the main bore, and a fluid exhaust port that intersects the main bore.
The spool is movable between a first position and a second position. The spool comprises
fluid passages configured to connect the fluid inlet passage to the fluid outlet passage when
the spool is in the first position and to connect the fluid outlet passage and the exhaust port

when the spool is in the second position. The pressurization chamber is defined in the main
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bore between the first end of the main bore and the spool. The spring is positioned so that it
biases the spool toward the pressurization chamber.

A third embodiment of the present disclosure includes a spool and seal system. The
spool and seal system comprises a first seal cartridge and a spool. The first seal cartridge has
an annular body with radial ports. The spool is positioned within the first seal cartridge and
movable between a first and second position. The spool has a central bore and radial ports
that intersect the central bore. The radial ports of the spool complement the radial ports of the
seal cartridge. The seal cartridge radial ports, the spool radial ports, and central bore of the
spool define fluid flow passages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a fluid dispensing system.

FIG. 2 is a perspective view of the pneumatic pump and the pneumatic timing valve
of the fluid dispensing system of FIG. 1.

FIG. 3A is an exploded view of the pneumatic timing valve of FIG. 2.

FIG. 3B is a cutaway view of the pneumatic timing valve with a spool in a first
position.

FIG. 4 is an exploded view of a spool and seal system of the pneumatic timing valve.

FIG. 5 is an exploded view of a seal cartridge of the spool and seal system of FIG. 4.

FIG. 6A is a cutaway view of the pneumatic timing valve showing how fluid flows
through the pneumatic timing valve when the spool is in the first position.

FIG. 6B is a cutaway view of the pneumatic timing valve showing how fluid flows
through the pneumatic timing valve when the spool is in a second position.

DETAILED DESCRIPTION

FIG. 1 shows a perspective view of a fluid dispensing system 10. Fluid dispensing
system 10 is an example of a fluid dispensing system used to dispense chemicals into an oil
well. Fluid dispensing system 10 has chemical tank 12, chemical supply line 14, chemical
return line 16, fluid supply line 18, chemical dispensing line 20, pneumatic pump 22, and
pneumatic timing valve 24. Pneumatic pump 22 is a reciprocating piston type pump.
Chemical tank 12 provides chemicals to pneumatic pump 22 through chemical supply line
14. Chemicals are able to return to chemical tank 12 through chemical return line 16, which

also connects chemical tank 12 and pneumatic pump 22. Chemical dispensing line 20
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connects pneumatic pump 22 to oil well 21allowing pneumatic pump 22 to inject chemicals
into the well. Fluid supply line 18 connects pneumatic timing valve 24 to a supply of air or
gas. Pneumatic timing valve 24 is connected to pneumatic pump 22 by fitting 26 (shown in
FIG. 2). Pneumatic timing valve 24 connects pneumatic pump 22 to the supply of air or gas.
Pneumatic timing valve 24 controls the rate at which pneumatic pump 22 dispenses
chemicals. Pneumatic timing valve 24 controls the dispense rate of pneumatic pump 22 by
regulating the rate at which pneumatic pump 22 reciprocates. Pneumatic timing valve 24
controls the reciprocation rate of pneumatic pump 22 by controlling whether pneumatic
pump 22 is receiving fluid or is exhausting fluid. Pneumatic timing valve 24 accomplishes
this by alternating between a supply state and an exhaust state. In the supply state, pneumatic
timing valve 24 supplies fluid to pneumatic pump 22. In the exhaust state, pneumatic timing
valve 24 allows pneumatic pump 22 to exhaust fluid.

FIG. 2 is a perspective view of pneumatic pump 22 connected to pneumatic timing
valve 24 by fitting 26. The supply of air or gas from fluid supply line 18 (shown in FIG. 1)
drives both pneumatic pump 22 and pneumatic timing valve 24. Fitting 26 allows pneumatic
pump 22 to receive air or gas from fluid supply line 18 when pneumatic timing valve 24 is in
the supply state. Fitting 26 also allows pneumatic pump 22 to exhaust air or gas back to
pneumatic timing valve 24 when pneumatic timing valve 24 is in the exhaust state.

In one embodiment, pneumatic pump 22 is a reciprocating piston pump. Pneumatic
pump 22 has a piston that is driven by fluid pressure. The piston is biased by a spring to a
starting position. The piston executes a forward stroke when the piston is exposed to a high
enough pressure causing the pump to dispense chemicals to an oil well. The spring drives the
piston back to the starting position when the piston is no longer exposed to pressure. In the
absence of a high enough pressure, the spring causes the piston to execute a return stroke
expelling the fluid that caused the pump to execute the forward stroke.

Pneumatic timing valve 24 includes a needle valve assembly that controls the rate at
which the pneumatic timing valve alternates between the supply state and the exhaust state.
The needle valve assembly controls the rate at which pneumatic pump 22 reciprocates by
controlling the rate at which pneumatic timing valve 24 alternates between the supply state
and the exhaust state. The needle valve assembly accomplishes this by controlling the rate at

which fluid flows into and out of a pressurization chamber within pneumatic timing valve 24.
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In the supply state, fluid flows through pneumatic timing valve 24 to pneumatic pump 22. In
this state, fluid also flows past the needle valve assembly and into the pressurization chamber
where pressure builds. This pressure results in a downward force on a spool that moves
within pneumatic timing valve 24. The spool is biased into its position in the supply state by
a bias spring. Once the pressure in the pressurization chamber is high enough, the downward
force on the spool is large enough to overcome the bias force of the bias spring. This results
in the bias spring being compressed and the spool moving to its position in the exhaust state.
Once the spool has moved, pneumatic timing valve 24 has entered the exhaust state.

In the exhaust state, fluid flows from pneumatic pump 22 and from the pressurization
chamber to the atmosphere through an exhaust port. Once the pressure in the pressurization
chamber is low enough, the bias spring moves the spool back into its position in the supply
state. Once pneumatic timing valve 24 has entered the supply state, the cycle will repeat. In
the exhaust state, the needle valve assembly controls the rate at which fluid flows out of the
pressurization chamber.

The needle valve assembly controls how long pneumatic timing valve 24 remains in
the supply state and the exhaust state by controlling the rate of fluid flow into and out of the
pressurization chamber. The longer it takes for the pressurization chamber to fill and empty,
the less frequently pneumatic timing valve 24 will alternate between the supply state and the
exhaust state. This will cause pneumatic pump 22 to reciprocate less frequently and to
dispense chemicals at a lower rate. The less time it takes for the pressurization chamber to fill
and empty, the more quickly pneumatic timing valve 24 will alternate between the supply
state and the exhaust state. This will cause pneumatic pump 22 to reciprocate more
frequently and to dispense chemicals at a higher rate. The needle valve assembly is
adjustable so that an operator may control the rate of chemical dispensing by setting the rate
at which fluid flows into and out of the pressurization chamber. This allows an operator to
control how quickly pneumatic pump 22 reciprocates by controlling how quickly timing
valve 24 alternates between the supply state and exhaust state.

Pneumatic pumps and pneumatic timing valves provide a non-electric means of
dispensing fluids at controlled rates. This makes pneumatic pumps and pneumatic timing
valves advantageous in areas with limited access to electricity. Pneumatic pump 22 and

pneumatic timing valve 24 may even be operated using gas from the oil well into which
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chemicals are injected. In some cases, the gas from the well is also used for other purposes or
is captured and sold. Thus, it is important that pneumatic pump 22 and pneumatic timing
valve 24 operate efficiently so that the air or gas may be captured or used for other purposes.

FIG. 3A is an exploded view of pneumatic timing valve 24. Pneumatic timing valve
24 has fitting 26, upper housing portion 28, lower housing portion 30, needle valve assembly
32, spool and seal assembly 34, piston seal 36, piston 38, ball 40, dowel pins 42A and 42B,
housing o-rings 44 A, 44B, and 44C, screws 46A and 46B, retainer pin 48, retainer o-ring 50,
spring 52, and spring retainer 54. Upper housing portion 28 has first end 56. Lower housing
portion 30 has second end 58. Needle valve assembly 32 has control knob 60, set screws 62A
and 62B, control spring 64, retaining ring 66, needle 68, and needle o-ring 70. Control knob
60 has set screw holes 71A and 71B. Needle 68 has needle threads 72. Spool and seal system
34 has spool 74 and seal assembly 76. Spool 74 has first end 78, second end 80, and opening
82.

When pneumatic timing valve 24 is assembled, upper housing portion 28 and lower
housing portion 30 are connected by dowel pins 42A and 42B and screws 46A and 46B.
Housing o-rings 44 A, 44B, and 44C are positioned on top of lower housing portion 30 and
seal passages in upper housing portion 28 and lower housing portion 30. Spring retainer 54
threads into second end 58 of lower housing portion 30 and retains retainer pin 48 and spring
52. Retainer o-ring 50 is positioned on spring retainer 54 and seals the threaded connection of
spring retainer 54 and lower housing portion 30. Piston seal 36 is positioned on piston 38.
Piston 38 is positioned in main bore 84 (shown in FIG. 3B) of pneumatic timing valve 24.
Ball 40 is positioned in spool opening 82 in first end 78 of spool 74. Spool 74 is positioned
inside the annular space of seal assembly 76. Spool and seal system 34 is positioned in main
bore 84 of pneumatic timing valve 24.

When pneumatic timing valve 24 is assembled, needle valve assembly 32 is
assembled and is installed in upper housing portion 28. Needle 68 is positioned in fluid outlet
passage 88 (shown in FIG. 3B) of pneumatic timing valve 24 where needle threads 72 are
received by housing threads 98 (shown in FIG. 3B). Needle 68 extends out of upper housing
portion 32. Control knob 60 receives needle 68 and is positioned above upper housing
portion 28. Set screws 62A and 62B are threaded into set screw holes 71A and 71B and

contact needle 68. Control spring 64 is positioned around needle 68 and is positioned below
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needle control knob 60 and above needle threads 72. Retaining ring 66 is positioned within
fluid outlet passage 92 below control spring 64 and above needle threads 72. Needle o-ring
70 is positioned on needle 68 below needle threads 72.

FIG. 3B is a cutaway view of a fully assembled pneumatic timing valve 24 connected
to fluid supply line 18 and pneumatic pump 22. Many of the parts shown in FIG. 3A are also
shown in FIG. 3B. Some parts are omitted because they cannot be seen in the cutaway view
of FIG. 3B. FIG. 3B shows some parts of pneumatic timing valve 24 that could not be seen in
FIG. 3A. Pneumatic timing valve 24 has fitting 26, upper housing portion 28, lower housing
portion 30, needle valve assembly 32, spool and seal assembly 34, piston seal 36, piston 38,
ball 40, housing o-rings 44A and 44C, retainer pin 48, retainer o-ring 50, return spring 52,
spring retainer 54, main bore 84, fluid inlet port 86, fluid inlet passage 88, fluid outlet port
90, fluid outlet passage 92, pressurization chamber 94, and exhaust port 96. Upper housing
portion 28 has housing first end 56. Lower housing portion 30 has housing second end 58.
Needle valve assembly 32 has control knob 60, set screw 62A, control spring 64, retaining
ring 66, needle 68, and needle o-ring 70. Needle 68 has needle threads 72. Spool and seal
assembly 34 has spool 74 and seal assembly 76. Spool 74 has first end 78, second end 80,
and opening 82. Main bore 84 has first end 95 and second end 97. Fluid outlet passage 92 has
housing threads 98 for receiving needle threads 72 of needle 68.

Fitting 26 is connected to pneumatic timing valve 24 at fluid outlet port 90 by a
threaded connection. Fitting 26 also connects pneumatic timing valve 24 to pneumatic pump
22. Upper housing portion 28 and lower housing portion 30 are connected by dowel pins 42A
and 42B (shown in FIG. 3A) and screws 46A and 46B (shown in FIG. 3A). Needle valve
assembly 32 is installed in upper housing portion 28. Needle 68 is positioned partly in fluid
outlet passage 92. Needle threads 72 of needle 68 are received by housing threads 98 of fluid
outlet passage 92. Control knob 60 receives needle 68 and is positioned on top of upper
housing portion 28. Set screw 62A and set screw 62B (shown in FIG. 3A) are threaded into
set screw holes 71A and 71B (shown in FIG. 3A) and contact needle 68 and cause needle 68
to rotate when control knob 60 rotates. Control spring 64 is positioned around needle 68
between control knob 60 and needle threads 72. Control spring 64 keeps tension on control
knob 60 and prevents control knob 60 from rotating due to vibration or forces other than a

rotational force applied by an operator. Retaining ring 66 is positioned in fluid outlet passage
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92 below control knob 60 and above needle threads 72. Retaining ring 66 prevents needle 68
from being removed from fluid outlet passage 92 due to over rotation of control knob 60.
Needle o-ring 70 is positioned in fluid outlet passage 92 below needle threads 72. Needle o-
ring 70 prevents fluid from flowing past needle threads 72 and to the atmosphere. Needle
threads 72 are received by housing threads 98. Needle threads 72 and housing threads 98
allow needle 68 to move further into fluid outlet passage 92 when control knob 60 is rotated
in one direction. Needle threads 72 and housing threads 98 allow needle 68 to partially
withdraw from fluid outlet passage 92 when control knob 60 is rotated in the opposite
direction.

Spool and seal system 34 is positioned within main bore 84. Spool 74 is positioned
within the annular space of seal assembly 76. Piston seal 36 is positioned on piston 38. Piston
38 is in contact with first end 78 of spool 74. Ball 40 is positioned within opening 82 in first
end 78 of spool 74. Housing o-rings 44A and 44C are positioned between upper housing
portion 28 and lower housing portion 30. Housing o-ring 44A seals fluid inlet passage 88.
Housing o-ring 44C seals fluid outlet passage 92. Retainer pin 48 is positioned within spring
retainer 54 below spool 74. Retainer o-ring 50 is positioned between spring retainer 54 and
lower housing portion 30. Retainer o-ring 50 seals the connection of lower housing portion
30 and spring retainer 54. Spring 52 is positioned around retainer pin 48 and second end 80
of spool 74 and is in contact with spring retainer 54 and spool 74. Main bore 84 extends from
first end 95 of main bore 84 to second end 97 of main bore 84. Pressurization chamber 94 is
defined in main bore 84 by piston 38 and first end 95 of main bore 84.

Fluid inlet port 86 extends into lower housing portion 30. Fluid supply line 18
connects to pneumatic timing valve 24 at fluid supply line 18. Fluid inlet passage 88 connects
fluid inlet port 86 to main bore 84. Fluid outlet port 90 extends into lower housing portion
30. Fluid outlet passage 92 connects fluid outlet port 90 to main bore 84. Fluid outlet passage
92 also connects main bore 84 to pressurization chamber 94. Main bore 84 connects fluid
inlet passage 88 to fluid outlet passage 92 allowing fluid to flow from fluid inlet port 86 to
fluid outlet port 90 and vice versa. Exhaust port 96 extends through lower housing portion 30
and connects main bore 84 to the atmosphere. This arrangement also allows fluid to flow
from fluid inlet port 86 to pressurization chamber 94 and from pressurization chamber 94 to

exhaust port 96.



10

15

20

25

30

WO 2016/178889 PCT/US2016/029687

Needle valve assembly 32 allows an operator to control how quickly fluid flows past
needle 68. This controls how quickly pressurization chamber 94 fills and how quickly
pressurization chamber 94 empties. A more thorough discussion of the operation of needle
valve assembly 32 is included in the discussion of FIGS. 6A and 6B.

FIG. 4 is an exploded view of spool and seal system 34 shown in FIGS. 3A and 3B.
Spool and seal system 34 has spool 74 and seal assembly 76. Spool 74 has first end 78,
second end 80, opening 82, spool radial ports 100A and 100B, and central bore 101 (shown
in FIGS. 6A and 6B). Seal assembly 76 has first seal cartridge retainer 102, seal cartridges
104A and 104B, seal cartridge spacer 106, and second seal cartridge retainer 108. Seal
cartridge spacer 106 has spacer radial ports 110. Spool opening 82 is located in first end 78
of spool 74. Spool radial ports 100A and 100B are separated by a distance extending axially
along spool 74. In one embodiment of the present disclosure, spool 74 comprises
polytetrafluoroethylene filled acetal homopolymer. In one embodiment of the present
disclosure, seal cartridges 104A and 104B and seal cartridge spacer 70 comprise acetal. This
choice of material for spool 74 provides advantages described in the discussion of FIG. 5
below.

FIG. 5 is an exploded view of seal cartridge 104A of spool and seal system 34 (shown
in FIG. 4). Seal cartridge 104A is identical to seal cartridge 104B (shown in FIG. 4). For this
reason, a description of seal cartridge 104B is omitted. Seal cartridge 104A has annular body
112A, seal cartridge seals 114A and 114B, and seal cartridge o-rings 116A and 116B.
Annular body 112A has cartridge radial ports 118A, seal cartridge seal seats 120A and 120B,
and seal cartridge o-ring seats 122A and 122B. Seal cartridge seals 114A and 114B have seal
cartridge energizer o-rings 124A and 124B and cartridge seal rings 126A and 126B
respectively. Cartridge seal rings 126A and 126B comprise an oil filled ultra-high-molecular-
weight polyethylene.

Seal cartridge seals 114A and 114B are positioned on cartridge seal seats 120A and
120B respectively. Seal cartridge o-rings 116A and 116B are positioned in seal cartridge o-
ring seats 122A and 122B respectively. When spool 74 is installed in annular body 112A of
seal cartridge 104A, seal rings 126A and 126B are pushed against spool 74 by seal cartridge
energizer o-rings 124A and 124B respectively. This causes seal rings 126A and 126B to seal
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against spool 74 and prevent fluid from flowing past seal cartridge 104A between seal
cartridge 104A and spool 74.

This sealing arrangement is advantageous because cartridge seal rings 126A and
126B comprising oil filled ultra-high-molecular-weight polyethylene contact spool 74
comprising polytetrafluoroethylene filled acetal homopolymer. This combination of materials
provides a low friction gliding seal. This sealing arrangement also eliminates the need for
grease in the spool and seal system. This results in more consistency in the movement of
spool 74 over time as grease can dry out. Grease drying out can result in changes to the
resistance of the movement of spool 74. More or less resistance to the movement of spool 74
changes the speed at which spool 74 will move resulting in inconsistencies in the operation
of pneumatic timing valve 24 (shown in FIG. 2). The absence of grease also allows
pneumatic timing valve 24 to operate more consistently through a wider range of
temperatures. This is because changes in temperatures can result in changes in the viscosity
of grease which could affect the movement of spool 74. FIGS. 3A, 3B, 4, and 5 have
depicted all the parts of pneumatic timing valve 24 and how they are connected. FIGS. 6A
and 6B depict how pneumatic timing valve 24 operates.

FIG. 6A is a cutaway view of pneumatic timing valve 24 in the supply state
connected to fluid supply line 18 and pneumatic pump 22. FIG. 6A demonstrates how fluid F
flows through pneumatic timing valve 24 in the supply state. A recitation of all the parts of
pneumatic timing valve 24 is omitted as these parts have been discussed above. In the supply
state, pneumatic timing valve 24 supplies fluid F from fluid supply line 18 to pneumatic
pump 22 through fitting 26. In the supply state, fluid F flows from fluid supply line 18 to
fluid inlet port 86. Fluid F then flows from fluid inlet port 86 to fluid inlet passage 88 and
into seal cartridge 104A through cartridge radial port 118A. In the supply state, spool 74 is
positioned so that spool radial ports 100A are aligned with seal cartridge radial ports 118A of
seal cartridge 104A. This alignment allows fluid to flow from fluid inlet passage 88 into seal
cartridge 104A through seal cartridge radial port 118A and into spool 74 through spool radial
ports 100A. Once fluid has entered spool 74, it will flow through central bore 101 to spool
radial ports 100B which are aligned with spacer radial ports 110 of spacer 106. In the supply
state, spool radial ports 100B are aligned with spacer radial ports 110. The alignment of
spacer radial ports 110 with spool radial ports 100B allows fluid F to flow into spacer 106

10
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through spacer radial ports 110 and into fluid outlet passage 92. Once fluid F has entered
fluid outlet passage 92, it can flow to pneumatic pump 22 through fluid outlet port 90. Fluid
F flowing to pneumatic pump 22 causes pneumatic pump 22 to dispense chemicals by
executing a forward stroke.

Fluid F in fluid outlet passage 92 can also flow past needle valve assembly 32 to
pressurization chamber 94. When fluid F is flowing to pressurization chamber 94, pressure
builds in pressurization chamber 94. This pressure results in a downward force on piston 38
and spool 74. At this time, pressure is also building between spring retainer 54 and spool 74
resulting in an upward force on spool 74. However, the surface area of the upper face of
piston 38 exposed to pressure is larger than the surface area of spool 74 that is exposed to
pressure. This results in a net downward force on spool 74. When the pressure is high
enough, the downward force on spool 74 is large enough to overcome the spring force of
spring 52. Once the spring force of spring 52 is overcome, spring 52 is compressed and spool
74 moves downward. This causes pneumatic timing valve 24 to enter the exhaust state which
is depicted in FIG. 6B. In the exhaust state, pneumatic pump 22 (shown in FIG. 2) is no
longer receiving fluid from pneumatic timing valve 24. Instead, fluid F is flowing from
pneumatic pump 22 to pneumatic timing valve 24 through fitting 26 and fluid outlet port 90.

FIG. 6B is a cutaway view of pneumatic timing valve 24 in the exhaust state
connected to fluid supply line 18 and pneumatic pump 22. A recitation of all the parts of FIG.
6B is omitted because all the parts have been previously described. In the exhaust state, spool
74 is positioned so that fluid from fluid F supply line 18 does not flow into pneumatic timing
valve 24. In this state, pneumatic timing valve 24 connects pneumatic pump 22 and
pressurization chamber 94 to the atmosphere. This allows pneumatic pump 22 to execute a
return stroke expelling fluid F from pump 22 through fitting 26 to pneumatic timing valve 24
and to the atmosphere through exhaust port 96. In the exhaust state, fluid F flows from
pneumatic pump 22 to fluid outlet port 90 and into fluid outlet passage 92. Fluid F also flows
from pressurization chamber 94 to fluid outlet passage 92. In the exhaust state, fluid F that
enters fluid outlet passage 92 flows to spacer radial port 110. Fluid F that enters spacer radial
port 110 flows through spacer 106 and into spool 74 through spool radial port 100A. From
spool radial port 100A fluid F will flow through central bore 101 and into spool radial port
100B. Fluid F will then flow from spool radial port 100B to the atmosphere through exhaust
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port 96 which extends through housing 26. Once enough fluid F has been exhausted from
pressurization chamber 94, the pressure in pressurization chamber 94 will be low enough that
the spring force of spring 52 will move piston 38 and spool 74 back into their positions in the
supply state (shown in FIG. 6A). Once this occurs, timing valve 24 will again be in the
supply state and the cycle will repeat.

The design of pneumatic timing valve 24 shown in FIGS. 6A and 6B results in greater
efficiency over previous designs. This is because the design of pneumatic timing valve 24
prevents fluid F from flowing from fluid supply line 18 to exhaust port 96 as soon as spool
radial ports 100A are no longer aligned with seal cartridge radial ports 118A. FIGS. 6A and
6B demonstrate that spool 74 moves only a small distance before the flow of fluid F from
fluid supply line 20 is cut off. This results in little fluid F being leaked to the atmosphere
through exhaust port 96. The use of spool 74 also avoids the use of a diaphragm as seen in
previous designs. Compared to using a diaphragm, the spool results in a more robust timing
valve as diaphragms can become worn and lose their elasticity over time.

FIGS. 6A and 6B also allow for a more complete understanding of how needle valve
assembly 32 is used to control the reciprocation rate of pneumatic pump 22. Needle valve
assembly 32 is discussed in detail in FIGS. 3A and 3B. Needle valve assembly 32 allows an
operator to control how quickly pneumatic timing valve 24 alternates between the supply
state and the exhaust state. This is accomplished through rotation of control knob 60 which
causes needle 68 to move further into or withdraw from fluid outlet passage 92. Rotation of
control knob 60 in one direction will cause needle 68 to move further into fluid outlet
passage 92. Rotation of control knob 60 in an opposite direction will cause needle 68 to
partially withdraw from fluid outlet passage 92.

The flowrate of fluid F into and out of pressurization chamber 94 will decrease as
needle 68 moves further into fluid outlet passage 92. A decreased flowrate of fluid F into
pressurization chamber 94 will increase the amount of time it takes for pressure to build in
pressurization chamber 94. This will cause pneumatic timing valve 24 to remain in the
supply state for a longer period of time. A lower flowrate of fluid F out of pressurization
chamber 94 will also increase the amount of time it takes for the pressure in pressurization
chamber 94 to drop. This will increase the amount of time it takes for spring 52 to move

piston 38 upward. This will cause pneumatic timing valve 24 to remain in the exhaust state
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for a longer period of time. Pneumatic timing valve 24 will alternate between the supply state
and the exhaust state less frequently as needle 68 moves further into fluid outlet passage 92.
This will cause pneumatic pump 22 to reciprocate less frequently and to dispense chemicals
at a lower rate.

The flowrate of fluid F into and out of pressurization chamber 94 will increase as
needle 68 moves further out of fluid outlet passage 92. This will decrease the amount of time
it takes for pressure to build in pressurization chamber 94 causing pneumatic timing valve 24
to remain in the supply state for a shorter period of time. An increased flowrate of fluid F out
of pressurization chamber 94 will also reduce the amount of time it takes for the pressure in
pressurization chamber 94 to drop. This will cause pneumatic timing valve 24 to remain in
the exhaust state for a shorter period of time. Pneumatic timing valve 24 will alternate
between the supply state and the exhaust state more frequently as needle 68 is withdrawn
from fluid outlet passage 92. This will cause pneumatic pump 22 to reciprocate more quickly
and to dispense chemicals at a greater rate.

While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments falling within the scope of the

appended claims.
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CLAIMS:
1. A pneumatic timing valve comprising:
a housing comprising:
a main bore having a first end and a second end;
a fluid inlet port;
a fluid inlet passage that connects the fluid inlet port and the
main bore;
a fluid outlet port;
a fluid outlet passage that connects the fluid outlet port and the
main bore; and
a fluid exhaust port that intersects the main bore;

a spool positioned within the housing and movable between a first
position and a second position, the spool comprising:
fluid passages configured to connect the fluid inlet passage to

the fluid outlet passage when the spool is in the first
position and to connect the fluid outlet passage and the
fluid exhaust port when the spool is in the second
position;

a pressurization chamber defined in the main bore between the spool
and the first end of the main bore, wherein the pressurization
chamber is connected to the fluid outlet passage; and

a spring positioned so that it biases the spool toward the pressurization
chamber.

2. The pneumatic timing valve of claim 1, further comprising:

a needle valve comprising:
a rotatable knob; and
a needle connected to the rotatable knob for controlling fluid flow to
and from the pressurization chamber, wherein the needle is
positioned in the fluid outlet passage;
wherein rotation of the rotatable knob in a first direction increases a flow of

fluid to and from the pressurization chamber and wherein rotation of
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the rotatable knob in a second direction decreases the flow of fluid to
and from the pressurization chamber.
3. The pneumatic timing valve of claim 1, wherein pressure in the pressurization
chamber causes the spool to move to the second position when force applied to the spool by
pressure in the pressurization chamber exceeds the force applied to the spool by the spring.
4. The pneumatic timing valve of claim 1, wherein force applied to the spool by the
spring causes the spool to move to the first position when force applied to the spool by the
spring exceeds the force applied to the spool by pressure in the pressurization chamber.
5. The pneumatic timing valve of claim 1, wherein the fluid passages of the spool
comprise:
a central bore; and
radial ports that intersect the central bore;
wherein the radial ports complement the fluid inlet passage and the fluid outlet
passage of the housing.
6. The pneumatic timing valve of claim 5, wherein the fluid outlet passage, the main
bore, the central bore of the spool, and the radial ports of the spool define a fluid flow path
between the fluid inlet port and the fluid outlet port when the spool is in the first position.
7. The pneumatic timing valve of claim 5, wherein the fluid outlet passage, the main
bore, the central bore of the spool, and the radial ports of the spool define a fluid flow path
between the fluid outlet port and the fluid exhaust port when the spool is in the second
position.
8. A fluid dispensing system comprising:
a pneumatic pump;
a pneumatic timing valve connected to the pneumatic pump to control pump
speed, the pneumatic timing valve comprising:
a housing comprising:
a main bore having a first end and a second end;
a fluid inlet port;
a fluid inlet passage that connects the fluid inlet port and the
main bore;

a fluid outlet port;

15



10

15

20

25

30

WO 2016/178889 PCT/US2016/029687

a fluid outlet passage that connects the fluid outlet port and the
main bore; and
a fluid exhaust port that intersects the main bore;

a spool positioned within the housing and movable between a first
position and a second position, the spool comprising:
one or more fluid passages configured to connect the fluid inlet

passage to the fluid outlet passage when the spool is in
the first position and to connect the fluid outlet passage
and the fluid exhaust port when the spool is in the
second position;

a pressurization chamber defined in the main bore between the spool
and first end of the main bore, wherein the pressurization
chamber is connected to the fluid outlet passage; and

a spring positioned so that it biases the spool toward the pressurization
chamber.

9. The fluid dispensing system of claim 8, further comprising:
a needle valve comprising:

a rotatable knob; and

a needle connected to the rotatable knob for controlling fluid flow to
and from the pressurization chamber, wherein the needle is
positioned in the fluid outlet passage;

wherein rotation of the rotatable knob in a first direction increases a flow of
fluid to and from the pressurization chamber and wherein rotation of
the rotatable knob in a second direction decreases the flow of fluid to
and from the pressurization chamber.
10. The fluid dispensing system of claim 8, wherein pressure in the pressurization
chamber causes the spool to move to the second position when force applied to the spool by
pressure in the pressurization chamber exceeds the force applied to the spool by the spring.
11. The fluid dispensing system of claim 8, wherein force applied to the spool by the
spring causes the spool to move to the first position when force applied to the spool by the

spring exceeds the force applied to the spool by pressure in the pressurization chamber.
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12. The pneumatic timing valve of claim 8, wherein the fluid passages of the spool
comprise:
a central bore; and
radial ports that intersect the central bore;
wherein the radial ports complement the fluid inlet passage and the fluid outlet
passage of the housing.
13. The pneumatic timing valve of claim 12, wherein the fluid outlet passage, the main
bore, the central bore of the spool, and the radial ports of the spool define a fluid flow path
between the fluid inlet port and the fluid outlet port when the spool is in the first position.
14. The pneumatic timing valve of claim 12, wherein the fluid outlet passage, the main
bore, the central bore of the spool, and the radial ports of the spool define a fluid flow path
between the fluid outlet port and the fluid exhaust port when the spool is in the second
position.
15. A spool and seal system comprising:
a first seal cartridge having an annular body with radial ports; and
a spool positioned within the first seal cartridge and movable between a first
and second position, the spool containing a central bore and radial
ports that intersect the central bore and complement the radial ports of
the first seal cartridge to define fluid flow passages.
16. The spool and seal system of claim 15, further comprising:
a second seal cartridge surrounding the spool and having an annular body with
radial ports that complement the radial ports of the spool; and
a seal cartridge spacer positioned between the first and second seal cartridges
and surrounding the spool, the seal cartridge spacer having an annular

body having radial ports that complement the radial ports of the spool.

17. The spool and seal system of claim 15, wherein the first seal cartridge further
comprises:

a seal seat; and

a cartridge seal positioned on the seal seat, the cartridge seal comprising:

an energizer o-ring; and
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a seal ring positioned inside the energizer o-ring, wherein the seal ring
is forced against the spool by the energizer o-ring creating a
seal.
18. The spool and seal system of claim 17, wherein the seal ring comprises:

an oil filled ultra-high-molecular-weight polyethylene.

19. The spool and seal system of claim 17, wherein the spool comprises:

polytetrafluoroethylene filled acetal homopolymer.
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