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SHUTTLE VALVE FOR WATER SOFTENER SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to United States Provisional
Patent Application No. 62/308,134, filed on March 14, 2016, the entire contents of which is

incorporated herein by reference.
BACKGROUND

[0002] A variety of water treatment systers are available for softening, filtering, and/or
otherwise treating potable water for residential and commercial applications. The most common
water treatment systems are filtration systems that remove impurities from water, and water
softeners that exchange undesirable ions, such as caleium, with more desirable ijons, such as
sodium. Many of these water treatment systems employ a control valve for controlling the flow
of water through the water treatment systems. Some of those control valves include a movable
piston that is actuated by an electric motor to connect various potts of the control valve to one

another.

[0003] For example, control valves are widely used to control the regeneration cycles of
water softeners. Water softeners are widely used for removing caleium and other deposit
causing materials from hard water. Conventional water softeners rely on an ion exchange
process taking place in an ion-exchange resin bed stored in a resin tank of the water softener. As
the water to be processed passes through the resin filled tank, ions of calcium and other minerals
in the water are exchanged with ions found in the resin (e.g., sodium), thereby removing

objectionable ions from the water and exchanging them for less objectionable ions from the resin.

[0004]  The capacity of the resin to exchange iong is finite and is reduced during the ion
exchange process. If measures are not taken to regenerate the resin by replacing the undesirable
ions with desirable ions, the ion exchange capacity of the resin will become exhausted.
Therefore, water softeners are typically configured to periodically regenerate the ion exchange
resin stored in the resin tank. Regeneration typically involves chemically replacing the
objectionable ions, such as calcium ions, from the resin with less objectionable ions, such as

sodium ions. This replacement is typically performed by introducing a regenerant solution of
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sodium chloride or potassium chloride into the resin bed from a brine tank and thereafter
flushing the regenerant solution from the bed. The resin bed is typically backwashed in order to
remove trapped particulate matter and rinsed to remove untreated backwash water from the
lower portion of the resin bed. In order to prevent interruption of service, most water softeners
are configured to allow bypass flow of untreated water directly to the treated water outlet during

backwash, rinse, and regeneration cycles.

[0005]  The regeneration cycle is typically controlled by a control valve mounted on top of
service outlet line, the brine tank, a drain connection, and the resin tank. Converntional control
valves are controlled by an electric motor under the control of a timer and/or a usage indicator to
cycle the water softener from service, brine introduction, backwash, fast rinse, and back to

service,

[0006] One type of control valve is a reciprocating piston-type water softener control valve
which includes a seal arrangement that is positioned in a c¢ylindrical bore and that surrounds the
reciprocating piston. A piston is driven to reciprocate within the seal stack by a drive
arrangement. The typical drive arrangement includes an electric motor and a motion converter
that converts the rotary motion of the electric motor's pinion to linear motion of the piston.
However, conventional piston-type water softener control valves are often in communication
with another control valve of some sort (e.g., another piston assembly, a diaphragm valve, a
solenoid valve, etc.) to provide a service and/or standby cycle. Thus, because two piston
assemblies are required, the water softener system also requires two drives and two motors to

perform the necessary water treatment cycles of the water softener system, which leads to

[0007]  Therefore, a single piston assembly for a water softener control valve that is capable

of performing both regeneration and service/standby cycles is desirable.
SUMMARY

[0008]  Some embodiments of the invention provide a water softener system including a

control valve having a single piston assembly enabling the water softener system to perform both
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regeneration and service/standby cycles. In some embodiments, the piston assembly can include
at least one shuttle piston coupled to a main piston such that the shuttle piston is axially

moveable with respect to the main piston.

[0009]  In some embodiments, the present invention provides a piston assembly for a control
valve in a water softener system. The control valve includes a drive mechanism, one or more
fluid passageways, and a seal assembly arranged within a central bore and in fluid
communication with the one or more fluid passageways. The piston assembly includes a main
piston moveably received within the seal assembly and including a first end and a second end
opposite to the first end. The drive mechanism is connected to the first end of the main piston to
selectively control a position of the main piston. The piston assembly further includes a shuttle
piston moveably received within the seal assembly and including a first end and a second end
opposite to the first end. The shuttle piston is configured to selectively engage the second end of
the main piston to form a seal therebetween and to selectively move relative to the second end of
the main piston to form an opening between the second end of the main piston and the first end

of the shuttle piston, in response to movement of the main piston.

[0010]  In some embodiments, the present invention provides a piston assembly for a control
valve in a water softener system. The control valve includes a drive mechanism, one or more
fluid passageways, and a seal assembly arranged within a central bore and in fluid
communication with the one or more fluid passageways. The piston assembly includes a main
piston moveably received within the seal assembly and including a first end and a second end
opposite to the first end. The drive mechanism is connected to the first end of the main piston to
selectively control a position of the main piston. The piston assembly further includes a shuttle
piston moveably received within the seal assembly and including a first end and a second end
opposite to the first end. The shuttle piston is moveable between a latched position and an
unlatched position. The piston assembly further includes a latching mechanism configured to
cyclically transition the shuttle piston between the latched positon and the unlatched position to

control an axial position of the shuttle piston.
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[0011]  These and other features, aspects, and advantages of the present invention will
become better understood upon consideration of the following detailed description, drawings,

and appended claims.
DESCRIPTION OF THE DRAWINGS

[0012]  FIG. 1A is a rear perspective view of a water softener according to one embodiment

of the invention.
[0013]  FIG. 1B isa front perspective view of the water softener system of FIG. 1A.

[0014] FIG. 2 is an exploded view of a control valve including a piston assembly and a seal

assembly operable with the water softener of FIG. 1A,
[0015]  FIG. 3 is a cross-sectional view of the control valve of FIG, 2 during a service cycle.

[0016] FIG. 4A is a cross-sectional view of the controel valve of FIG. 2 during a backwash

cycle.

[0017])  FIG. 4B is a cross-sectional view of another a control valve having a piston
assembling with spacers during a backwash cycle according to another embodiment of the

invention.

[0018]  FIG. 5 is a cross-sectional view of the control valve of FIG. 2 during a draw cycle.
[0019} FIG. 6 is a cross-sectional view of the control valve of FIG. 2 during a rinse cycle.
[0020]  FIG. 7 is a cross-sectional view of the control valve of FIG, 2 during a fill cycle,
{0021] FIG. 8 is a cross-sectional view of the contrel valve of FIG, 2 during a standby cycle.

[0022] FIG. 9 is a cross-sectional view of the control valve of FIG. 2 including a first and

second set of double seals during a service cycle.

[0023] FI1G. 10 is a cross-sectional view of the control valve of FIG. 2 including the first and

second set of double seals during a backwash cycle.
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[0024]  FIG. 11 is a cross-sectional view of the control valve of FIG. 2 including the first and

second set of double seals during a draw eycle.

[0025] FIG. 12 is a cross-sectional view of the control valve of FIG. 2 including the first and

second set of double seals during a rinse cycle.

[0026] FIG. 13 is a cross-sectional view of the control valve of FIG. 2 including the first and

second set of double seals during a fill eycle.

[0027]  FIG. 14 is a cross-sectional view of the control valve of FIG. 2 including the first and

second set of double seals during a standby cycle.

[0028] FIG. 15A is a front perspective view of a water softener according to one

embodiment of the invention.
[0029] FIG. 15B is a rear perspective view of the water softener system of FIG. 15A.

[0030]  FIG. 16 is a partial cross-sectional view of another control valve illustrating another

piston assembly and another seal assembly operable with the water softener of FIG. 15A.

[0031] FIG. 17 is a cross-sectional view of the control valve of FIG. 16 during a service

cycle.

[0032] FIG. 18 is a cross-sectional view of the control valve of FIG. 16 during a backwash

cycle.

[0033] FIG. 19 is a cross-sectional view of the control valve of FIG. 16 during a draw cycle.
[0034]  FIG. 20 is a cross-sectional view of the control valve of FIG. 16 during a fill cycle.
[0035]  FIG. 21 is a cross-sectional view of the control valve of FIG. 16 during a rinse cycle.

[0036]  FIG. 22 is a cross-sectional view of the control valve of FIG. 16 during a standby

cycle,
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[0037]  FIG. 23 is an exploded view of a piston assembly operable in a control valve of the

water softener system of FIG. 15A according to one embodiment of the present invention.
[0038] FIG. 24 is a front view of a cam tube of the piston assembly of FIG. 23.
[0039]  FIG. 25 is a right side view of the cam tube of FIG. 24.

[0040]  FIG. 26 is a cross-sectional view of the piston assembly of FIG. 23 integrated into a

control valve of the water softener system of FIG. 13A.

[0041]  FIG. 27 is a partial cross-sectional view of the control valve of FIG. 26 during a

service eycle.

[0042]  FIG. 28 is a partial cross-sectional view of the control valve of FIG. 26 during an

unlatch movement.

[0043] FIG. 29 is a partial cross-sectional view of the control valve of FIG. 26 during an

approach to a backwash position.

[0044] FIG. 30 is a partial cross-sectional view of the control valve of FIG. 26 during a

backwash cycle.

[0045]  FIG. 31 is a partial cross-sectional view of the control valve of FIG. 26 during an

approach to a draw cycle.

[0046] FIG. 32 is a partial cross-sectional view of the control valve of FIG. 26 during an

approach to a rinse position.

[0047]  FIG. 33 is a partial cross-sectional view of the control valve of FIG. 26 during a rinse

cycle.

[0048] FIG. 34 is a partial cross-sectional view of the control valve of FIG, 26 during a refill

eycle.

[0049]  FIG. 35 is a partial cross-sectional view of the control valve of FIG. 26 during an

approach to a standby position.
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[0050]  FIG. 36 is a partial cross-sectional view of the control valve of FIG. 26 during a

standby cycle.

[0051] FIG, 37 is a partial cross-sectional view of the control valve of FIG. 26 during an

initial approach to the service position.

[0052]  FIG. 38 is a partial cross-sectional view of the control valve of FIG. 26 during an

intermediate approach to the service position.

[0053] FIG. 39 is a partial cross-sectional view of the control valve of FIG. 26 returned to the

service cycle.

[0054]  FIG. 40 is an exploded view of another piston assembly operable in a control valve of

the water softener system of FIG. 15A according to one embodiment of the present invention,

[0055]  FIG. 41 is a cross-sectional view of the piston assembly of FIG. 40 integrated into a

control valve of the water softener system of FIG. 15A.

[0056] FIG. 42 is an exploded view of yet another piston assembly operable in a control
valve of the water softener system of FIG. 15A according to one embodiment of the present

invention.
[0057]  FIG. 43 is a cross-section view of the piston assembly of FIG. 42 in a latched position.

[0058]  FIG. 44 is a cross-sectional view of the piston assembly of FIG. 43 in an unlatched

position.
DETAILED DESCRIPTION

[0059] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The inveiition is capable of other embodiments and of being practiced or of being
carried out in various ways, Also, it is to be understood that the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limiting. The use of
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“including,” “comprising,” or “having” and variations thereof herein is meant to encompass the
items listed thereafter and equivalents thereof as well as additional items. Unless specified or
limited otherwise, the terms “mounted,” “connected,” “supported,” and “coupled” and variations
thereof are used broadly and encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and “coupled” are not restricted to physical or

mechanical connections or couplings.

[0060]  The following discussion is presented to enable a person skilled in the ait to make and
readily apparent to those skilled in the art, and the generic principles herein can be applied to
other embodiments and applications without departing from embodiments of the invention. Thus,
embodiments of the invention gre not intended to be limited to embodiments shown, but are to be
accorded the widest scope consistent with the principles and features disclosed hevein, The
following detailed description is to be read with reference to the figures, in which like elements
in different figures have like reference numerals. The figures, which are not necessarily to scale,
depict selected embodiments and are not intended to limit the scope of embodiments of the
invention, Skilled artisans will recognize the examples provided herein have many useful

alternatives and fall within the scope of embodiments of the invention.

[0061]  FIGS. 1A and 1B illustrate a water softener system 10 according to one embodiment
of the invention. The water softener system 10 can include a resin tank 12, a brine tank 14, and a
control valve 16 attached to the top of the resin tank 12. When placed in service, the control
valve 16 is fluidly coupled to the resin tank 12, the brine tank 14, an inlet 18 leading to a source
of untreated water, an outlet 20 leading to a treated water line, and a drain 22. The resin tank 12
is filled with a treatment medium, such as an ion exchange resin bed 24, and the brine tank 14
contains particles of sodium chloride, potassium permanganate, or another suitable regeneration
medium which can be dissolved by water to form a brine or regenerant solution. In operation, as
incoming hard water enters the resin tank 12 through an opening 26 in the top of the resin tank
12, the water in the resin tank is foreed through the resin bed 24 and out a distributor tube 28
extending through the center of the resin bed 24. The capacity of the resin bed 24 to exchange
ions with the minerals and impurities in the incoming hard water is finite, and depends on the

treatment capacity of the resin bed 24 as typically measured in kilograms of hardness or grams of
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CaCOs and the hardness of the incoming water as typically measured in grains per gallon. To
regenerate the resin bed 24 once its treating capacity has been depleted, the resin bed 24 is
flushed with the regenerant solution from the brine tank 14 so that the minerals and other
impurities can be released from the resin bed 24 and carried out of the resin tank 12. All of these
operations, as well as backwash, rinse, and standby operations, are controlled by the water

softener control valve 16.

[0062]  The control valve 16 includes a valve body 30. The valve body 30 includes external

includes internal orifices that open into a central bore 32 of the valve bady 30. The external ports
are fluidly connected to the inlet, outlet, drain, brine tank, top opening of the resin tank, and
distributor tube of the resin tank. The valve body 30 may further include an injector assembly 34

to draw brine from the brine tank 14 in to the resin tank 12.

[0063]  As shown in the exploded view of FIG. 2, the central bore 32 of the valve body 30
may be configured to receive a piston assembly 36 and a seal assembly 38. The piston assembly
36 includes a piston rod 40 coupled to a piston 42 at a first end 44 and a drive assembly 45 at an
opposing, second end 46 (see FIG. 3). An upper shuttle 48 may be received by the piston rod 40
adjacent the piston 42 to inhibit untreated water from going to the outlet 20 during the
regeneration cycle, as will be described in further detail below. The upper shuttle 48 is axially
translatable with respect to a first end 60 of the piston 42. The piston assembly 36 further
includes a lower shuttle 50, adjacent an opposing end of the piston 42, that is axially translatable
relative to a second end 64 of the piston 42 and allows the control valve 16 to include a standby
position at which there is no flow through the valve body 30. The standby position of the piston
assembly 36 allows the control valve 16 to operate in multi-tank systems without the need for an
external solenoid, diaphragm or other type of valve or a second piston and drive mechanism,

which is required by conventional multi-tank systems.

[0064]  The drive assembly 45 may be driven by an electric motor 47 coupled thereto, as
shown in FIG. 1B. The drive assembly 45 includes a drive shaft 49 coupled to an eccentric cam
51. A cam link 53 connects the eccentric cam 51 to the piston rod 40. Thus, activation of the

electric motor 47 causes the drive shaft 49 and eccentric cam 51 to rotate. Rotation of the
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eccentric cam 51 results in translational movement of the cam link 53 to drive the piston 42 and
piston rod 40 within the central bore 32 of the valve body 30. Accordingly, the various stages of
the regeneration eycle can correspond to different rotational positions of the eccentric cam 51. In
one non-limiting example, the drive assembly 45 rotates in a single direction. It should be
appreciated that the use of an electric motor 47 and eccentric cam 51 is not meant to be limiting
in any way and, in other embodiments, another drive mechanism (e.g., a solenoid, a linear
actuator, a stepper motor, a servo motor, etc.) may be utilized to axially translate the piston

assembly 36,

[0065] As shown in FIGS. 2 and 3, the piston 42 may be characterized by a substantially
hellow, cylindrical body 52 that defines a central opening 54. The outer surface of the
cylindrical body 52 includes a radial recess 36 (i.e,, a recess that extends radially inward toward
a central axis of the piston 42), which creates a first flange 58 at the first end 60 of the piston 42
and a second flange 62 at the opposing, second end 64 of the piston 42. The arrangement of the
radial recess 56 and flanges 58, 62 may help to direct the flow of water among the outlet 20,

drain 22, distributor tube 28, and the opening 26 in the resin tank 12.

[0066] At the first end 60 of the piston 42, a plurality of arms 66 may radially extend from an
inner surface of the cylindrical body 52 to a central base 68. As depicted in FIG. 2, three arms
66 extend from the inner surface of the cylindrical body 52 to the central base 68. However, any
suitable quantity of arms 66 may extend from the cylindrical body 52, so long as the central base
68 is sufficiently supported. The central base 68 includes a slot 70 through which the piston rod
40 can connect. At the second end 64 of the piston 42, a plurality of feet 72 may axially extend
from the cylindrical body 52. The plurality of feet 72 may be circumferentially spaced so as to
create a plurality of openings 74 through which the water can flow. Each of the plurality of feet
72 may include a radially outward prejecting stop 76 at a distal end thereof configured to engage
the lower shuttle 50. As depicted in FIG. 2, four feet 72 extend from the cylindrical body 52,
however, any suitable quantity of feet 72 may extend from the cylindrical body 52, so long as the
plurality of openings 74 permit sufficient water flow there through. In one embodiment, the
plurality of feet 72 may be integrally formed with the cylindrical body 52 of the piston 42. In
other embodiments, and as depicted in FIG. 2, the plurality of feet 72 may be coupled to a

10
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cylindrical base 73 having external threads that engage internal threads of the second flange 62

of the piston 42.

[0067]  The lower shuttle 50 may be characterized by a substantially hollow, cylindrical body
78 that defines a central opening 80. A radially inward extending rib 82 may circumsoribe an
inner surface of the cylindrical body 78 at one end to engage the stops 76 of the plurality of feet
72 of the piston 42. Thus, as the lower shuttle S0 translates relative to the piston 42, the plurality
of feet 72 can axially guide the lower shuttle 50 within the central bore 32 of the valve body 30,
and the stops 76 can limit the axial translation of the lower shuttle 50 by engaging the inwardly
extending rib 82, In some embodiments, a radial step 83, or step change in diameter ot the
cylindrical body 78, is disposed on the outer surface of the cylindrical body 78 to allow inlet
flow to pass to the injector assembly 34, as will be described in further detail below. At an
opposing end of the lower shuttle 50, a radially outwardly extending rib 84 may circumscribe an
outer surface of the ¢ylindrical body 78 to engage a portion of the seal assembly 38 within the
central bore 32 of the valve bedy 30, as will be described in further detail below. In addition, the
illustrated lower shuttle 50 includes a ridge, or band, 85 that extends radially outward from the
outer surface of the cylindrical body 78. The ridge 85 is arranged axially between the extending

rib 82 and the extending rib 84.

[0068]  Similar to the lower shuttle 50, the upper shuttle 48 may be characterized by a
substantially hollow, cylindrical body 86 that defines a central opening 88. A base 90 may
extend across the central opening 88 at one end and include a central aperture 92 that receives
the pistont rod 40. In some embodiments, the base 90 may include one or more apertures 94
circumferentially spaced around the central aperture 92 to permit water flow there through. The
upper shuttle 48 may axially translate relative to the piston 42 along the piston rod 40. Axial
translation of the upper shuttle 48 may be limited by a stop 96 positioned on the piston rod 40
that is configured to engage the central aperture 92 of the base 90. At an opposing end of the
upper shuttle 48, a radially outwardly extending rib 98 may circumscribe an outer surface of the
cylindrical body 86 to engage a portion of the seal assembly 38 within the central bore 32 of the

valve body 30, as will be deseribed in further detail below.

11
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[0069] With continued reference to FIG. 2, the seal asserubly 38 may include seven single
seals 100 that are axially spaced by six spacers 102. The seal assembly 38 may be received by
the central bore 32 of the valve body 30. The piston 42, upper shuttle 48, and lower shuttle 50
extend thirough the seal agsembly 38 and engage the seals 100, The piston assembly 36 and seal
assembly 38 are configured, depending on the location of the piston 42, upper shuttle 48, and
lower shuttle 50 within the seal assembly 38, to connect one or more internal orifices, or ports,
(i.e., the outlet 20, drain 22, distributor tube 28, and the opening 26 in the resin tank 12) of the
valve body 30 to one or more other internal orifices, or ports, and thus creating different flow

paths between the external ports of the valve body 30.

[0070]  As shown in FIGS. 3-8, during operation of the water softener system 10, the piston
42 is controlled by the drive assembly 45 that translates the piston 42 within the central bore 32
of the valve body 30, As the piston 42 is being translated by the drive assembly 43, the upper
shuttle 48 and lower shuttle 50 can float and/or translate within the central bore 32 of the valve
body 30, That is, translation of the piston 42 is selectively independent of the translation of the

upper shuttle 48 and lower shuttle 50.

[0071]  Referring to FIG. 3, the control valve 16 is shown in a service position in which
untreated water, as indicated by arrow U, enters the inlet 18, flows through the central opening
80 of the lower shutile 50, through the spacer 102, and into the opening 26 of the resin tank 12 to
be treated. The now treated water, as indicated by arrow T, then flows up through the distributor

tube 28, through the valve and to the outlet 20 of the valve body 30.

[0072]  As previously described, the radial recess 56 on the outer surface of the piston 42
allows the treated water T to flow across a portion of the seal assembly 38 so that the distributor
tube 28 is in fluid communication with the outlet 20. In the service position, the second flange
62 of the piston 42 may inhibit the flow of water to the drain 22. In addition, the outwardly
extending rib 84 on the lower shuttle 50 may engage the outermost seal 100 in the service
position to inhibit the lower shuttle 50 from engaging the piston 42, which may potentially block
access to the opening 26 of the resin tank 12, That is, the outermost seal may act as a stop to
ensure that the lower shuttle 50 axially separates from the second end 64 of the piston 42 to

enable fluid flow through the plurality of openings 74. Engagement of the outwardly extending

12
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rib 84 and the outermost seal 100 also positions the lower shuttle 50 such that untreated water U
is inhibited from flowing through the injector assembly 34. Additionally, an axial distance D
between the second end 64 of the piston 42 and the lower shuttle 50 is maximized in the service
position. The distance D can determine the fluid flow area through which fluid can flow. Thus,
the magnitude of the distance D can determine the service flow rate, such that a larger distance D

corresponds to a higher flow rate, and a smaller distance D corresponds to a lower flow rate,

[0073] When the system determines that the ion exchange capacity of the resin bed 24 will
be exhausted in a designated period, a regeneration cycle may commence. This decision may be
based on the time since the last regeneration eycle and/or sensed usage and/or other factors. To
begin a regeneration cycle, the drive assembly 45, and thereby the piston assembly 36, translates
to the position illustrated in FIG. 4A. This translation positions the piston 42 in a backwash
position. In the backwash position, untreated water U enters the inlet 18, flows through the
central opening 80 of the lower shuttle 50, through the central opening 54 of the piston 42 and
into the distributor tube 28 of the resin tank 12. The untreated water U flows down through the
distributor tube 28 to the bottom of the resin tank 12. The water then flows up through the resin
bed 24 to flush trapped particulate matter from the resin bed 24. Resultant waste water W flows

up through the opening 26 of the resin tank 12, through the valve and out the drain 22.

[0074]  In the backwash position, the outwardly extending rib 98 of the upper shuttle 48 may
engage the seal 100 and the cylindrical body 86 may engage the spacer 102 to close the service
outlet 20, thereby inhibiting water from flowing to the service outlet 20. The radial recess 56 on
the outer surface of the piston 42 allows the waste water W to flow across a portion of the seal
assembly 38 and through the valve body 30 so that the opening 26 of the resin tank 12 is in fluid
communication with the drain 22. In the backwash position, a pressure differential on the lower
shuttle 50 may cause the lower shuttle 50 to engage the second end 64 of the piston 42, thereby
keeping the lower shuttle 50 sealed against the piston 42.

[0075] In an alternative embodiment, as shown in FIG. 4B, one or more of the plurality of
feet 72 may include spacers 104 arranged adjacent to the cylindrical base 73. The spacers 104
may define a protrusion extending radially outward from the end of the feet 72 adjacent to the

base 73. When assembled, the spacers 104 prevent the lower shuttle 50 from "pressure-locking”
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to the piston 42. For example, when the piston 42 moves from the backwash to a draw position,
it is desired for the lower shuttle 50 to axially separate from the piston 42. In some
configurations, a pressure differential acting on the lower shuttle 50 may force the shuttle 50 into
the piston 42 and cause the lower shuttle 50 to travel with the piston 42. The spacers 104 create
a small opening 106 between the lower shuttle 50 and the piston 42 to prevent the "pressure-
locking". The opening 106 creates a small leak which results in the untreated water U bypassing
inlet 18 through the central opening 80 of the lower shuttle 50, through the opening 106 between
the lower shuttle 50 and the piston 42, through the injector assembly 34, into the valve body 30
and to the drain 22,

[0076]  After the backwash cycle, the drive assembly 45 causes the piston 42 to move to a
draw position, as shown in FIG. 5. When transitioning out of the backwash position, the ridge
85 on the outer cylinder 78 of the lower shuttle 50 is configured to provide a predetermined
amount of resistance to the motion of the lower shuttle 50. The predetermined amount of
resistance provided by the ridge 85 acts to separate the lower shuttle 50 from the piston 42 and
create an opening therebetween that is required for subsequent regeneration positions. In some
embodiments, the ridge 85 may work in concert with the spacers 104, deseribed above. Also in
the draw position, the brine cam opens the brine valve (not shown). In the draw position,
untreated water U enters the inlet 18, flows through the central opehi’ng 80 of the lower shuttle
50, and through an opening 108 to the injector assembly 34, The radial step 83 of the lower
shuttle 50 may create the opening 108 between the lower shuttle 50 and the seal 100. The flow
of the untreated water U through the injector assembly may create a vacuum that pulls brine
solution, or another regenerant, from the brine tank 14 and mixes the brine solution with the
untreated water U flow through the injector, as indicated by arrow B. The brine mixture B flows
through the valve body 30, to the opening 26 at the top of the resin tank 12. The brine mixture B
then flows down through the media to regenerate the resin bed 24. Once the brine mixture B
reaches the bottom of the resin tank 12, the brine mixture B flows up the distributor tube 28,
through the valve body 30 and out to the drain 22. Similar to the backwash position, the
cylindrical body 86 of the upper shuttle 48 may engage the spacer 102 to close the service outlet

20 in the draw position, thereby inhibiting water from flowing to the service outlet 20. Also, in
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the draw position, a pressure differential on the upper shuttle 48 may cause the upper shuttle 48
to engage the first end 60 of the piston 42, thereby keeping the upper shuttle 48 sealed against

the piston 42,

[0077]  After the draw cycle, the drive assembly 45 causes the piston assembly 36 to move o
a rinse position, as shown in FIG. 6. As the eccentric cam 51 is rotated, the piston assembly 36
initially moves past a standby position, as shown in FIG. 8 and as will be described in further
detail below. In the rinse position, a stream of untreated water U enters the inlet 18, flows
through the central opening 80 of the lower shuttle 50, and into the opening 26 in the top of the
resin tank 12, The untreated water U flows through the media of the resin bed 24, up the
distributor tube 28, through the valve body 30, and out through the drain 22 to remove any
remaining brine solution B from the previous draw cycle. Also in the rinse cycle, a portion of the
cylindrical body 86 of the upper shuttle 48 and a portion of the first circumferential flange 58 of
the piston 42 may engage the spacer 102 to close the service outlet 20 in the rinse position,
thereby inhibiting water from flowing to the service outlet 20. A pressure differential on the
upper shuttle 48 may cause the upper shuttle 48 to engage the first end 60 of the piston 42,
thereby keeping the upper shuttle 48 sealed against the piston 42.

[0078]  After the rinse cycle, the drive assembly 45 causes the piston assembly 36 to move to
a fill position, as shown in FIG. 7. When transitioning to the fill position, the lower shuttle 50
translates with the piston 42 due to the engagement of the stops 76 and the rib 82 of the lower
shuttle 50. The lower piston 42 and lower shuttle 50 may translate until the rib 84 of the lower
shuttle 50 engages the outermost seal 100, which acts as a stop for the pisten assembly 36. In the
fill position, the brine cam opens the brine valve (not shown) and untreated water U enters the
inlet 18, flows through the central opening 80 of the lower shuttle 50, and through the valve body
30 to the injector assembly 34. The unireated water U flows through the injector assembly 34
and out to the brine tank 14. The untreated water U may flow for a set period of time at a
untreated water U enters the inlet 18 and flows to the opening 26 in the top of the resin tank 12 at
a throttled flow rate. The untreated water U flows to the bottom of the resin tank 12, which then
flows as treated water T up the distributor tube 28. The piston 42 is arranged such that the recess

56 provides fluid communication between the distributor tube 28 and the service outlet 42. Thus,
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the treated water T is allowed to flow from the distributor tube 28 past the recess 36 and to the

service outlet 20,

[0079]  After the fill cycle, the drive assembly 45 causes the piston assembly 36 to move to a
standby position, as shown in FIG. 8. In the standby position, pressure at the inlet 18 deadheads
to inhibit the flow of water through the valve body 30 until the system controller calls for the
water softener system 10 to re-enter service. As shown in FIG. §, a portion of the cylindrical
body 86 of the upper shuttle 48 and a portion of the first circumferential flange 58 of the piston
42 may engage the spacer 102 to close the service outlet 20 thereby inhibiting water from
flowing to the service outlet 20. A pressure differential on the upper shuttle 48 may cause the
upper shuttle 48 to engage the first end 60 of the piston 42, thereby keeping the upper shuttle 48
sealed against the piston 42,  In addition, the second circumterential flange 62 of the piston 42
may engage the spacer 102 near the opening 26 of the resin tank 12 to inhibit water flow there
through, and the cylindrical body 78 of the lower shuttle 50 may inhibit water flow through the
injector assembly 34 and to the brine tank 14. Thus, flow is inhibited through the valve body 30

in the standby position.

[0080]  After the standby cyele, the drive assembly 45 causes the piston assembly 36 to move
again to the rinse position, as shown in FIG. 6. As previously described, during the rinse cycle,
any "stale" water from the resin tank 12 is flushed prior to entering the service cycle. After the
rinse cycle, the drive assembly 45 rotates the eccentric cam 51 past the fill position and directly

to the service position, as shown in FIG. 3.

[0081] Turning now to FIGS. 9-14, an alternative embodiment of the seal assembly 38 is
shown, The seal assembly 38 is substantially similar to the seal assembly shown in FIGS. 2-8
except, for example, two of the single seals 100 are replaced with a first set of double seals 101
and a second set of double seals 103 positioned between the spacers 102, Thus, the service,
backwash, draw, rinse, fill, and standby cycles are similar as shown by the water flow in FIGS. 9,
10, 11, 12, 13, and 14, respectively. Furthermore, an additional spacer 102 is positioned
proximate the lower shuttle 50. The upper shuttle 48 and the lower shuttle 50 can define annular
lips about an end to provide additional sealing with respective adjacent seals 100. Opposite ends

of the lower shuttle 50 can be chamfered to provide for a small pressure relief leak between
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similarly chamfered mating ends of the piston 42. This feature can help ensure that the lower
shuttle 50 separates properly from the piston 42 during, for example, the regeneration cycle,
described above. This seal assembly 38 including the first and second sets of double seals 101
and 103 may increase a positional tolerance of the valve and enables the valve to handle larger

pressure and flow rates that may be used in larger commercial valve applications, for example.

[0082]  FIGS. 15A and 13B illustrate a water softener system 200 according to another
embodiment of the invention. The water softener system 200 can include a resin tank 202, a
brine tank 204, and a control valve 206 aitached to the top of the resin tank 202. When placed in
service, the control valve 206 is fluidly coupled to the resin tank 202, the brine tank 204, an inlet
208 leading to a source of untreated water, an outlet 210 leading to a treated water line, and a
drain 212. The resin tank 202 is filled with a treatment medium, such as an ion exchange resin
bed 214, and the brine tank 204 contains particles of sodium chleride, potassium permanganate,
or another suitable regeneration medium which can be dissolved by water to form a brine or
regenerant solution. In operation, as incoming hard water enters the resin tank 202 through an
opening 216 in the top of the resin tank 202, the water in the resin tank is forced through the
resin bed 214 and out a distributor tube 218 extending through the center of the resin bed 214.
The capacity of the resin bed 214 to exchange ions with the minerals and impurities in the
incoming hard water is finite, and depends on the treatment capacity of the resin bed 214 as
typically measured in kilograms of hardness or grams of CaCO; and the hardness of the
incoming water as typically measured in grains per gallon. To regenerate the resin bed 214 once
its treating capacity has been depleted, the resin bed 214 is flushed with the regenerant solution
from the brine tank 204 so that the minerals and other impurities can be released from the resin
bed 214 and carried out of the resin tank 202. All of these operations, as well as backwash, rinse,

and standby operations, are controlled by the water softener control valve 206.

[0083]  As shown in FIG. 16, the control valve 206 includes a piston assembly 220 slidably
received within a seal assembly 222. The piston assembly 220 includes a main piston 224, a
shuttle piston 226, and a coupling feature 228. The main piston 224 defines a generally
cylindrical, hollow body that includes an upper recess 230 and a lower recess 232 formed therein.
A first flange 231 is arranged between the upper recess 230 and the lower recess 232, and a

second flange 233 is arranged below the lower recess 232. The upper recess 230, the lower
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recess 232, the first flange 231, and the second flange 233 may be positioned to permit or inhibit
fluid flow between the inlet 208, the outlet 210, the drain 212, the distributor tube 218, and the
opening 216 in the resin tank 202 during operation of the water softener system 200, as will be
described below. The main piston 224 includes a central passageway 234 and a coupling
aperture 236. The central passageway 234 extends through the interior of the main piston 224 to
permit fluid flow therethrough, The coupling aperture 236 is centrally arranged in a first side 240
of the main piston 224. The coupling aperture 236 may be configured to couple the piston

assembly 220 to an actuation mechanism.

[0084] The shuttle piston 226 defines a generally cylindrical, hollow body that includes
central passageway 242 extending through the interior of the shuttle piston 226 to permit fluid
flow therethrough. The coupling feature 228 is configured to slidably couple the main piston
224 to the shuttle piston 226 such that the shuttle piston 226 is axially translatable with respect to
the main piston 224. That is, the shuttle piston 226 is moveable with respect to the main piston
224 between a first position (FIG. 16) where the shuttle piston 226 is axially displaced from a
second side 244 of the main piston 224 and a second position where the shuitle piston 226

engages the second side 244 of the main piston 224 to form a seal therebetween.

[0085]  The coupling feature 228 includes a plurality of feet 246 that axially extend towards
the shuttle piston 226. The plurality of feet 246 may be circumferentially spaced so as to create a
plurality of openings through which the fluid can flow. Each of the plurality of feet 246 may
include a radially, outwardly projecting stop 248 at a distal end thereof configured to engage an
internal flange 250 of the shuttle piston 226. The projecting stops 248 define an axial height that
can form between the main piston 224 and the shuttle piston 226 when the shuttle piston 226 is
in the first position. The plurality of feet 246 may be coupled to a cylindrical base 252 of the
coupling feature 228 having external threads that engage internal threads formed in the main
piston 224. In another embodiment, the plurality of feet 246 may be integrally formed with the

main piston 224.

[0086]  The seal assembly 222 may include a plurality of single seals 254 that are axially
spaced by a plurality of conventional spacers 256. Each of the plurality of spacers 256 define an

external lobe 258 that abuts the respective seal 254 received therein. The external lobes 258
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enable the seal assembly 222 to resist water pressure acting on the seal assembly 222 during
operation of the water softener system 200. The main piston 224 and the shuttle piston 226
extend through the seal assembly 222 and engage the single seals 254, The main piston 224 and
shuttle piston 226 are axially moveable with respect to the seal assembly 222 to permit or inhibit
fluid flow between the inlet 208, the outlet 210, the drain 212, the distributor tube 218, and the
opening 216 in the resin tank 202 during operation of the water softener system 200, as will be

described below,

[0087]  Tuming to FIG. 17, the control valve 206 includes a valve body 260 having a
plurality of internal passages in fluid communication with the inlet 208, the outlet 210, the drain
212, the distributor tube 218, and the opening 216 in the resin tank 202, The illustrated valve
body 260 includes an inlet passageway 262, an outlet passageway 264, a drain passageway 260,
a distributor passageway 268, and a top of tank passageway 270 in fluid communication with the
inlet 208, the outlet 210, the drain 212, the distributor tube 218, and the opening 216 in the resin
tank 202, respectively. The control valve 206 may further include a brine valve 272 and an
injector assembly 274 each arranged at least partially within the valve body 260. The valve body
260 defines a central bore 276 that is dimensioned to receive the seal assembly 222 and thereby
the piston assembly 220. When the seal assembly 222 is assembled into the central bore 276, the
external lobes 258 of the seal assembly 222 can be compressed in the central bore 276.
Vertical/axial compressive forces act on the external Jobes 258 and thereby on individual seals
254, and can cause the seals 254 to deform radially to the inside against the piston assembly 220
and to the outside against the central bore 276 of the control valve body 260, thus inhibiting

water leakage.

[0088] A drive mechanism 277 may be configured to control an axial position of the piston
assembly 200 within the control valve 206. In the illustrated example, the drive mechanism may
be in the form of a gear train 278 that is coupled to an actuation member 280. A distal end of the
actuation member 280 is received within the coupling aperture 236 of the main piston 224
thereby coupling the piston assembly 220 to the drive mechanism 277. In operation, the drive
mechanism 277 is configured to axially translate the piston assembly 220 with respect to the seal
assembly 222. It should be appreciated that the use of the gear train 278 and the actuation

member 280 is not meant to be limiting in any way and, in other embodiments, the piston
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assembly 220 may be displaced axially with respect to the seal assembly 222 using, for example,

a linear actuator, a step motor, a serve motor, and the like.

[0089] The operation of the water softener system 200 will be described with reference to
FIGS. 17-22 by way of one or more non-limiting examples. Referring to FIG. 17, the control
valve 206 is shown in a service position in which drive mechanism 277 positions the main piston
224 to inhibit fluid flow into the drain passageway 266 and the second side 244 of the main
piston 224 is axially spaced from the shuttle piston 226 to enable fluid flow therebetween.
During the service position, untreated water, as indicated by arrow U, enters the control valve
206 through the inlet passageway 262, The main piston 224 diverts the untreated water past the
lower recess 232 of the main piston 224 to the top of tank passageway 270 and thereby to the top
of the resin tank 202 to be treated. From the bottom of the resin tank 202, the now treated water,
as indicated by arrow T, flows up through the distributor tube 218 to the distributor passageway
268. Since main piston 224 blocks the drain passageway 266 and the outlet passageway 264 is
open between the second side 244 of the main piston 224 and the shuttle piston 226, the treated

water is then directed through the outlet passageway 264 and to the outlet 210,

[0090]  When the water softener system 200 determines that the ion exchange capacity of the
resin bed 214 will be exhausted in a designated period, a regeneration ¢ycle may commence.
This decision niay be based on the time since the last regeneration. cycle and/or sensed usage
and/or other factors. To begin a regeneration cycle, the control valve 206 moves to a backwash
position, as shown in FIG. 18, where drive mechanism 277 moves the main piston 224 upwards.
As the main piston 224 moves up, stops 248 engage rib on inside of shuttle piston 226, causing
shuttle piston 226 to move with the main piston 224 such that the shuttle piston 226 engages the
seals 254 on either side of the outlet passageway 264, to inhibit fluid flow into the outlet
passageway 264. In the backwash position, untreated water U enters the inlet passageway 262
and the piston assembly 220 directs the untreated water through the axial opening between the
second side 244 of the main piston 224 and the shuttle piston 226 and into the distributor
passageway 268. The water then travels through the distributor tube 218 to the bottom of the
resin tank 202. This raises the resin slightly allowing any debris to be carried up to the top of the

resin tank 202 with the water. Resultant waste water W then flows up into the top of tank
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passageway 270 where the main piston 224 directs the waste water to the drain passageway 266

and out of the drain 212.

[0091]  After the backwash position, the control valve 206 moves to a draw position, as
shown in FIG. 19, where drive mechanism 277 moves the main piston 224 downward until the
second side 244 of the main piston 224 contacts the shutile piston 226 forming a seal
therebetween. Since the shutile piston 226 still engages the seals 254 on either side of the outlet
passageway 264 to inhibit fluid flow into the outlet passageway 264. In the draw position,
untreated water U enters the control valve 206 from the inlet passageway 262. The main piston
224 and shuttle piston 226 are now blocking fluid flow into the top of tank passageway 270 and
the outlet passageway 264 which forces the untreated water through a port that connects the inlet
passageway 262 to a nozzle element 282 of the injector assembly 274. A cam, for example,
connected to the gear train 278 is now depressing the brine valve 272 which opens a passageway
from the brine tank 204 to a venturi 284 within the injector assembly 274. The flow of untreated
water through the constriction of the nozzle element 282 creates the venturi 284 drawing brine
from the brine tank 204 to mix with the untreated water. The brine mixture B flows through
injector assembly 274 and enters the top of tank passageway 270. The brine mixture is then
forced into the resin tank 202 and down through the resin where ion exchange can take place
regenerating the resin. From the bottom of the resin tank 202, the treated water T travels up
through the distributor tube 218 fo the distributor passageway 268, From the distributor
passageway 268, the main piston 224 and the shuttle piston 226 block all of the passageways
except the drain passageway 266. Thus, the treated water is forced to flow through the central
passageways 234 and 242 of the main piston 224 and the shuttle piston 226 to the drain
passageway 266 and out of the drain 212.

[0092] After the draw position, the control valve 206 can move to a rinse position, as shown
in FIG. 20, where the drive mechanism 277 first moves the main piston 224 up to the top of the
stroke bringing the shuttle piston 226 with it. The drive assembly 277 then pushes the main
piston 224 down until the second side 244 of the main piston 224 engages the shuttle piston 226
creating a seal therebetween. The drive assernbly 277 then pushes both the main piston 224 and
the shuttle piston 226 until first side 240 of the main piston 224 opens a channel between the

topmost seal 254 and the top side 240 of the main piston 224 thereby permitting fluid flow into
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the drain passageway 266. Additionally, the shuttle piston 226 engages the seals 254 on either
side of the outlet passageway 264 to inhibit fluid flow into the outlet passageway 264. In the
rinse position, untreated water U enters the control valve 206 through the inlet passageway 262.
The main piston 224 diverts the untreated water to the top of the tank passageway 270 where the
residual brine from the resin. The waste water W then travels up the distributor tube 218 into the
distributor passageway 268 and into the central passageways 234 and 242 of the main piston 224
and the shuttle piston 226. The waste water can then flow past the first side 240 of the main

piston 224 and into the drain passageway 266 and out of the drain 212.

[0093]  After the draw position or the rinse position, the control valve 206 may moves fo a
refill position, as shown in Fig. 21, where the drive mechanism 277 moves the main piston 224
upward until the upper recess 230 of the main piston 224 aligns with the drain passageway 266
such that the main piston engages the secals 254 on either side of the drain passageway 266 to
inhibit fluid flow into the drain passageway 266. The cam, for example, coupled to the drive
mechanism 277 will also open the brine valve 272, In the refill position, untreated water U enters
the control valve 206 through the inlet passageway 262. The main piston 224 diverts the
untreated water to the top of the tank passageway 270 and to the top of the resin tank 202. The
water is forced through the resin thereby treating the water. The treated water T flows up
through the distributor tube 218 to the distributor passageway 268 and then can travel through
the axial/radial opening between the second side 244 of the main piston 224 and the shuttle
piston 226 and exit the valve through the outlet passageway 264. Additionally, sinee the brine
valve 272 is open, the untreated water U can flow to the nozzle element 2820f the injector
assembly. This untreated water can then flow through the nozzle element 282 and the brine valve
272 to refill the brine tank 204. In one embodiment, a typical cycle is to go from brine draw to
rinse. There are, however, situations where refill may be placed in a different order; for instance,

refill could follow draw or also could follow rinse or standby.

[0094] In some configurations, it may be desirable to inhibit fluid flow to the outlet
passageway 264 during refill. In this case, the drive mechanism 277 may perform additional
movements to position the second side 244 of the main piston 224 into engagement with the

shuttle piston 226 creating a seal therebetween.
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[0095] In certain type of softener systems with multiple valves, it is necessary for a valve
that has just completed a regeneration cycle to wait in standby until other valves are exhausted.
In such a standby position, there is no flow into or out of the control valve 206. The standby
position described below, may follow the refill position illustrated in FIG. 21. When changing
from the refill position to the standby position, the gear train 278 can move the main piston 224
to the top of its stroke and push it back down to the standby position. In particular, the main
piston 224 can be moved upwardly and the axial gap between the second side 244 of the main
piston 224 and the shuttle piston 226 can open until the projecting stops 248 engage the mternal
flange 250 of the shuttle piston 226. Once the projecting stops 248 engage the internal flange
250, the shuttle piston travels upward with the main piston 224 as the main piston 224 reaches
the top of its stroke. The main piston 224 may then be pushed back down until the second side
244 of the main piston 224 engages the shuttle piston 226 forming a seal therebetween. Both the
main piston 224 and the shuttle piston 226 are then continued to be pushed downward to the
standby position illustrated in FIG. 22. In the standby position, the main piston 224 and the
shuttle piston 226 block the drain passageway 266, the inlet passageway 262, and the outlet
passageway 264, which prevent any water from entering or leaving the control valve 206. From
the standby position, the control valve 206, for example, may return to the service position
illustrated in FIG. 17. To return to the service position, the drive mechanism 277 will cause the
main piston 224 to move downward pushing the shuttle piston 226 past the outlet passageway
264. The drive mechanism 277 may then translate the main piston 224 upward to the service
position, thereby creating a passage between the main piston 224 and the shuttle piston 226

allowing fluid flow into the outlet passageway 264.

[0096]  FIG. 23 illustrates a piston assembly 300 that may be integrated into the control valve
206 of the water softener system 200 according to another embodiment of the invention. The
piston assembly 300 includes a main piston assembly 302 and a shuttle piston assembly 304.
The main piston assembly 302 and the shuttle piston assembly 304 may share a common center
axis 305, The main piston assembly 302 includes a main piston 306, a seal retainer 308, and a
seal 310. The main piston 306 may be similar to the main piston 224 of the piston assembly 220
in design and functionality. Similar components between the main piston 306 and the main

piston 224 are identified using like reference numerals.
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[0097] The seal retainer 308 defines a generally annular shape and includes a retainer flange
312, which extends radially outward from an end of the seal retainer 308. The seal retainer 308
includes external threads arranged on an outer surface 314 that extends axially from the retainer
flange 312. The external threads are configured to be threaded into internal threads arranged on
an innet surface 316 of the main piston 306 to attach the seal retainer 308 to the main piston 306.
When assembled, the seal retainer 308 is configured to secure the seal 310 onto the second side
244 of the main piston 306. Specifically, an outer diameter defined by the retainer flange 312
may be sized such that the seal 310 is secured between the retainer flange 312 and a notch 318
formed in the second side 244 of the main piston 306, when the seal retainer 308 is attached to

the main piston 306, In the illustrated embodiment, the seal 310 is in the form of an o-ring.

[0098]  The shuttle piston assembly 304 includes a shuttle piston 320, a biasing element 322,
a biasing retainer 324, and a cam tube 326. The shuttle piston 320 defines a generally cylindrieal,
hollow body that includes a central passageway 328, a first end 330, and an opposing second end
332. The central passageway 328 extends through the interior of the shuttle piston 320 to permit
fluid flow therethrough. An interior surface 334 of the shuttle piston 320 includes a plurality of
pins 336 extending radially into the central passageway 328. In the illustrated embodiment, the
shuttle piston 320 may include four pins 336 that are axially aligned (i.e., arranged on the same
axial plane) and spaced circumferentially in approximately 90 degree increments around the
interior surface 334. In other embodiments, the shuttle piston 320 may include more or less than
four pins 336 equally, or non-equally, spaced circumferentially around the interior surface 334.

A shuttle flange 337 extends radially outward from the second end 332 of the shuttle piston 320.

[0099]  The shuttle piston 320 is configured to receive an output element 338 that may be
used fo trigger, for ex:ampie, a Hall Effect sensor such that the position of the shuttle piston 320
may be detected. This information may be provided to a controller (not shown) to provide
confirmation of the axial pesition of the shuttle piston 320 within the conirol valve 206. The
output element 338 may be received, or embedded, within a notch 340 that is recessed axially
within the second end 332 of the shuttle piston 320. In the illustrated embodiment, the output

element 338 is in the form of a magnetic ring dimensioned to be received within the notch 340.
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[00100] The biasing retainer 324 defines a generally cylindrical, hollow body that includes a
first flange 342 and a second flange 344. The first flange 342 extends radially outward from a
first end 347 of the blasing retainer 324. The first flange 342 is dimensioned to engage &
structure within the control valve 206 to inhibit axial displacement of the biasing retainer 324,
The second flange 344 extends radially inward from a second end 349 of the biasing retainer 324.
The second flange 344 is dimensioned to engage the biasing element 322 and to provide a
surface from which the biasing element 322 may extend from toward the shuttle piston 320. The
biasing element 322 is configured to be arranged between the biasing retainer 324 and the shuttle
piston 320, and to provide a biasing force on the shuttle piston 320 in an axial direction toward
the main piston 306. In the illustrated embodiment, the biasing element 322 is engaged between
the secand flange 344 of the biasing retainer 324, which is axially fixed and provides a base for
the biasing element 322 to extend from, to the second end 322 of the shuttle piston 320, In this
way, the biasing element 322 is configured to provide a biasing force onto the second end 322 of
the shuttle piston 320 in an axial directed toward the main piston 306. The illustrated biasing
element 322 is in the form of a spring. In other embodiments, for example, the biasing element

322 may be in the form of a mechanical linkage, a pre-stressed structure, and the like.

[00101] Turning to FIG. 24 and 23, the cam tube 326 defines a generally cylindrical, hollow
tube that includes a camming structure 346 arranged on an outer surface 348 thereof. The cam
tube 326 is dimensioned such that the cam tube 326 can extend into and/or through the biasing
retainer 324, the biasing element 322, and the shuttle piston 320. The camming structure 346
extends radially outward from the outer surface 348 and may be defined by a plurality of cam
sections 350 that are arranged circumferentially around the cam tube 326. In the illustrated
embodiment, the cam tube 326 includes four cam sections 350 arranged circumferentially around
the outer surface 348 in approximately 90 degree increments. Each of the cam sections 350 are
configured to interact with a corresponding one of the pins 336 of the shuttle piston 320 to
provide selective latching of the shuttle piston 320, as will be described below. In other
embodiments, the cam tube 326 may include more or less that four cam sections 350 arranged
circumferentially in any increment about the outer surface 348, and a corresponding number of

pins 336 configured to interact with the cam sections 350.

25



WO 2017/160885 PCT/US2017/022371

[00102] Each of the cam sections 350 may include similar structure with that structure
repeating circumnferentially around the cam tube 326. The specific structure within each cam
section 350 enables the latching and unlatching of the shuttle piston 320 to selectively control an
axial positon thereof, It should be appreciated that the specific structure within the cam sections
350 is not meant to be limiting in any way, and other structures may be possible to enable the

latching and unlatching of the shuttle piston 320.

[00103] The cam sections 350 each include cam lobe 352, a first cam surface 354, and a
second cam surface 356. The cam lobe 352 includes a pocket 358 and a cam lobe surface 360.
The pocket 358 is dimensioned to retain the pin 336 therein and is axially aligned with a portion
of the first cam surface 354. The pocket 358 includes a pocket surface 359 that extends
circumferentially past the first cam surface 354 and is angled with respect to the center axis 305.
In other words, the pocket surface 359 may act as a ramp along which the pin 336 may travel.
The cam lobe surface 360 may extend from a side of the pocket 358 opposite the pocket surface
359 and extend circumferentially past a peak 364 of the second cam surface 356 and is angled
with respect to the center axis 305. In other words, the cam lobe surface 360 may act as a ramp

along which the pin 336 may travel.

[00104] The first cam surface 354 extends circumferentially from a peak 368 to an end 370
and is angled with respect to the center axis 305, In this way, the first cam surface 354 may act
as a ramp along which the pin 336 may travel. The peak 368 of the first cam surface 354 is
axially aligned with at least a portion of the pocket 358 such that the pin 336 engages the first
cam surface 354 when it is axially displaced from the pocket 358 toward the first cam surface
354, The end 370 of the first cam surface 354 extends circumferentially past the packet 358.
This ensures that once the pin 336 has traversed the first cam surface 354, the pin 336 engages
the cam lobe surface 360 when it is axially displaced from the end 370 of the first cam surface

354 toward the cam lobe 352,

[00105] The second cam surface 356 extends circumferentially from the peak 364 to an end
372 and is angled with respect to the center axis 305. In this way, the second cam surface 356
may act as a ramp along which the pin 336 may travel. As described above, the cam lobe surface

360 may extend circumferentially past the peak 364 of the second cam surface 356. This ensures
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that the peak 364 of the second cam surface 356 is axially aligned with at least a portion of the
cam lobe surface 360 such that once the pin 336 has traversed the cam lobe surface 360, the pin
336 engages the second cam surface 356 as it is displaced axially in a direction toward the
second cam surface 356. The end 372 of the second cam surface 356 extends circumferentially
such that once the pin 336 has traversed the second cam surface 356, the pin 336 engages the

pocket surface 359 when it is displaced in a direction toward the pocket 358.

[00106] As will be described, the pocket surface 359, the cam lobe surface 360, the first cam
surface 354, and the second cam surface 356 may all facilitate rotation of the cam tube 326 as the
pins 336 traverse these surfaces. In the illustrated embodiment, each of the pocket surface 359,
the cam lobe surface 360, the first cam surface 354, and the second cam surface 356 are angled
to facilitate rotation of the cam tube 326 in the same direction. In this way, the circumferential
symmetry of the cam sections 350 around the cam tube 326 may be cyclically rotated as the

shuttle piston 320 is transitioned between a latched position and an unlatched positien.

[00107] Each of the components in the shuttle piston assembly 304 may define a generally
holtow shape such that the central passageway 328 extends through the shuttle piston assembly
304 to enable fluid flow therethrough. As will be described below, the interaction between the
shuttle piston 320, the biasing element 322, and the cam tube 326 provides a mechanism
configured to latch and unlatch the shuttle piston 320 to selectively control an axial position
thereof. The collective interaction between the shuttle piston 320, the biasing element 322, and
the cam tube 326 will be referred to herein as the latching mechanism 374 of the shuitle piston
assembly 304.

[00108]  Operation of the piston assembly 300 in the control valve 206 of the water softener
system 200 will be described with reference to FIGS. 26-39. The piston assembly 300 is
configured to selectively provide and inhibit the same fluid flow paths in the different positions
of the control valve 206 (i.e., the service position, the backwash position, the draw position, the
rinse position, the refill position, and the standby position) as the piston assembly 200. Thus, the
specific axial alignment of the piston assembly 200 in the different positions with respect to the
passageways 262, 264, 266, 268, 270 of the control valve body 260, and the corresponding fluid

27



WO 2017/160885 PCT/US2017/022371

flow paths that are provided and/or inhibited by the piston assembly 200 in the respective

positions also applies to the piston assembly 300.

[00109]  As illustrated in Fig. 26, the last spacer 256 and the last seal 254 (i.e., the spacer 256
and seal 254 spaced furthest from the first side 240 of the main piston 224) of the seal assembly
222 may be replaced by a single spacer 325. The single spacer 225 is configured to retain the

bias retainer 324 and cam tube 326 in the valve body 260 by the seal assembly 222,

[00110]

FIGS. 26 and 27 illustrate the piston assembly 300 in the service position. In the
service position, the latching mechanism 374 constraing the axial position of the shuttle piston
320 in a latched position. That is, the pins 336 are retained within the pockets 358 and held in
place by the biasing force provided by the biasing element 322. Thus, in the latched position, the
shuttle piston 320 is inhibited from displacing further axially toward the main piston 306 due to
the arrangement of the pins 336 within the pockets 358 prevent. The axial position of the
pockets 358 along the cam tube 326 and/or the axial position of the pins 336 along the shuttle
piston 320 may be used to control the axial position of the shuttle piston 320 when in the latched
position. As such, when the shuttle piston 320 is in the latched position, the axial positon of the

shuttle piston 320 may be kinown or constrained.

[00111] In the illustrated configuration, the shuttle piston 320 is positioned axially such that
the outlet passageway 264 is not blocked, when latched. The main piston 306 may be positioned
axially by the drive mechanism 277 such that the second end 244 of the main piston 306 is
axially spaced from the first end 330 of the shuttle piston 320, thereby forming an annular gap
through which fluid can flow from the distributor passageway 268 to the outlet passageway 264.

[00112] From the service position, it may be desired to transition the piston assembly 300 to
the backwash position, for example, to initiate a regeneration. To facilitate this the shuttle piston
320 is transitioned from the latched position to an unlatched position. Initially, as illustrated in
FIG. 28, the drive mechanism 277 displaces the main piston 306 to a bottom-dead center position,
which causes the second end 244 of the main piston 306 to engage and subsequently displace the
shuttle piston 320 in a direction toward the biasing retainer 324. As the shuttle piston is
displaced, the pins 336 axially displace from the pockets 358 into engagement with the first cam

surface 354. Once the pins 336 engage and traverse along the first cam surface 354, the cam
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tube 326 is rotated (e.g., approximately 45 degrees, in this embodiment) due to the angled
orientation of the first cam surface 354, Thus, the axial displacement of the main piston 306 to a
bottom-dead center position results in a rotation of the cam tube 326, which axially aligns the

pins 336 with a portion of the cam lobe surface 360.

[00113] Once the main piston 306 reaches the bottom-dead center position, the main piston
306 is displaced in an opposing direction away from the bottom-dead center position, as shown
in FIG. 29. The biasing element 322 forces the shuttle piston 320 to maintain in contact and
displace with the main piston 306. As the shuttle piston 320 displaces with the main piston 306,
the pins 336 axially displace to engage the cam lobe surfaces 360 and subsequently traverse the
cam lobe surface 360, The biasing force provided by the biasing element 322 will force the pins
336 to traverse the cam lobe surfaces 360, thereby rotating the cam tube 326 (e.g., approximately
45 degrees) due to the angled orientation of the cam lobe surfaces 360. In addition to the
rotation of the cam tube 326, the first end 330 of the shuttle piston 320 will enter and traverse the
seal 254 between the outlet passageway 264 and the inlet passageway 262, which inhibits fluid
flow to the outlet passageway 264.

[00114] The shuttle piston 320 will remain in contact and displace with the main piston 306
until the shuttle flange 337 engages one of the outermost seals 254 of the control valve 206, as
shown in FIG. 30. The drive mechanism 277 can continue to axially displace the main piston
306 such that such that the second end 244 of the main piston 306 is axially spaced from the first
end 330 of the shuitle piston 320, thereby forming an annular gap through which fluid can flow
from the inlet passageway 262 to the distributor passageway 268. In this arrangement, the piston
assembly 300 is in the backwash position. While the backwash is taking place, further axial
displacement of the shuttle piston 320 is inhibited by the engagement of the shuttle flange 337
and the outermost seal 254, and the biasing element 322 muaintains the shuttle piston 320 in this

unlatched position, which inhibits flow to outlet passageway 264 as described above.

[00115] Following the backwash position, for example, the piston assembly 300 may be
moved to the draw position, as shown in FIG. 31. To transition to the draw position, the drive
mechanism 277 displaces the main piston 306 such that the second end 244 of the main piston

306 engages the first end 330 of the shuttle piston 320. This brings the seal 310 into contact with
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the first end 330 of the shuttle piston 320, thereby forming a seal between the second end 244 of
the main piston 306 and the first end 330 of the shuttle piston 320. The seal between the second
end 244 of the main piston 306 and the first end 330 of the shuttle piston 320 inhibits fluid flow
into the outlet passageway 264. In addition, the second flange 233 of the main piston 306
provides a seal between the top of tank passageway 270 and the inlet passageway 262. This
forces water entering the control valve 206 through the inlet passageway 262 to travel through
the nozzle element 282 and mix with brine. The waste water is forced to exit the conirol valve

through the drain passageway 266.

[00116] After the draw position, for example, the piston assembly 300 may be moved to the
rinse position. Initially, as shown in FIG. 32, the drive mechanism 277 continues to displace the
main piston 306, and thereby the shuttle piston 320, toward the bottom-dead center position of
the main piston 306. As the shuttle valve 320 is displaced with the main piston 306, the pins 336
engage and subsequently traverse the second cam surfaces 356 causing the cam tube to rotate
(e.g., approximately 45 degrees). Once the main piston 306 reaches the bottom-dead center
position, the drive mechanism 277 displaces the main piston 306 in an opposing direction away
from the bottom-dead center position to the rinse position, as shown in FIG, 33, The biasing
element 322 applies the basing force on the shuttle piston 320 to maintain the seal between the
second end 244 of the main piston 306 and the first end 330 of the shuttle piston 320 and the

piston assembly displaces to the rinse position.

[00117] Following the rinse position, for example, the piston assembly 300 may be moved to
the refill position, as shown in FIG. 34. To transition to the refill positon shown in FIG. 34, the
drive mechanism 277 displaces the main piston 306 in an opposing direction away from the
bottom-dead center position. As the main piston 306 is displaced, the biasing foree provided by
the biasing element 322 maintains the shuttle piston 320 in engagement with the main piston 306,
thereby axially displacing the pins 336. The shuttle piston 320 and the pins 336 continue to
displace axially with the main piston 306 until the pins 336 engage and subsequently traverse the
pocket surfaces 359. Due to the angled arrangement of the piston surfaces 359, the cam tube 326
rotates as the pins 336 traverse the piston surface 359 until the pins 336 are secured within the
pockets 358. Once the pins 336 are secured within the pockets 358, the shuttle piston 320 is in
the latched positon and further axial displacement of the shuttle piston 320 is inhibited.
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[00118]  With the shuttle piston 320 in the latched position and inhibited from further axial
displacement toward the main piston 306, the drive mechanism 277 continues to displace the
main piston 306 such that an annular gap forms between the main piston 306 and the shuttle
piston 320, as the main piston 306 approaches the refill position. The annular gap that forms as
the main piston 306 axially separates from the shuttle piston 320 provides a fluid path for treated

water to flow to the outlet passageway 264.

[00119] In other embodiments, an adjustment may be made to the sequencing of the
movements such that the shuttle piston 320 transitions to the unlatched position during the
movement of the piston assembly 300 to the refill position. In this way, the shuttle piston 320
may be allowed to displace, via the biasing element 322, and engage the second end 244 of the
main piston 306 forming a seal therebetween. This may eliminate the annular gap that forms
during the movement to the refill position, and block fluid flow into the outlet passageway 264,

if desired.

[00120] Movement from the refill position, for example, to the standby position begins with
displacement of the main pisten 306 toward the bottom-dead center position, as illustrated in FIG.
35. As the main piston 306 displaces toward the bottom-dead center position, the second end
244 of the main piston 306 engages the first end 330 of the shuttle piston 320 thereby displacing
the shuttle piston 320 against the biasing element 322. The displacement of the shuttle piston
320 against the biasing element 322 axially displaces the pins 336 from the latched position
within the pockets 358 toward the first cam surface 354. Once the pins 336 engage and
subsequently traverse the first cam surface 354, the angled arrangement of the first cam surface

354 rotates the cam tube 326 (e.g., 45 degrees), thus unlatching the shuttle piston 320.

[00121] From the bottom-dead center position, the drive mechanism 277 will displace the
main piston 306 in an opposing direction away from the bottom-dead center position to the
standby position, as shown in FIG. 36. As the main piston 306 displaces away from the bottom-
dead center position, the biasing element 322 forces the shuttle piston 320 into contact with the
main piston 306, thereby displacing the shuttle piston 320 with the main piston 306. This

displacement of the shuttle piston 320 axially displaces the pins 336 into engagement with the
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cam lobe surfaces 360. The cam tube 326 will rotate as the pins 336 traverse the cam lobe

surfaces 360, while the shuttle piston 320 follows the main piston 306 to the standby position.

[00122] In the standby position, the shuttle piston 320 is in engagement with the main piston
306 to form a seal therebetween and contact the seals 254 between the inlet passageway 362 and
the outlet passageway 364, which inhibits fluid flow into the outlet passageway 364.

Simultaneously, the main piston 306 inhibits fluid flow to the drain passageway 266.

[00123] Following the standby position, for example, the piston assembly 300 may transition
back to the service position as illustrated in FIGS. 37-39. To transition back to the service
position, the drive mechanism 277 continues to displace the main piston 306 away from the
bottom-dead center position. The biasing element 322 continues to displace the shuttle piston
320 with the main piston 306, and maintains therebetween, This movement continues until the
pins 336 traverse the entire cam lobe surface 360, thereby further rotating the cam tube 326.
Once the pins 336 have traversed the entire cam lobe surface 360, the drive mechanism 277
reverses the direction of the main piston 306 and displaces it back toward the bottom-dead center
position. This also displaces the shuttle piston 320 against the biasing element 322, thereby
axially displacing the pins 336 toward the second cam surfaces 356. The main piston 306
continues to displace to the bottom-dead center, which forces the pins 336 to traverse the second
cam surfaces 356 thereby rotating the cam tube 326. From the bottom-dead center position, the
drive mechanism 277 then displaces the main piston 306 in an opposite direction away from the
bottom-dead center position. The biasing element 322 forces the shuttle piston 320 to follow the
main piston 306 until the shuttle piston 320 reaches the latched position with the pins 336
secured within the pockets 358. With the shuttle piston 320 in the latched position, the drive
mechanisn continues to displace the main piston 306 axially away from the shuitle piston 320 to

form an annular gap therebetween until the piston assembly 300 reaches the service position.

[00124] The latching mechanism 374 is configured to enable the shuttle piston 320 to
cyclically transition between the latched position {(e.g., FIG. 26) and the unlatched position (e.g.,
FIG. 29). As shown in the transition between the latched position and the unlatched position
illustrated in FIGS. 26-29, the transition between the laiched position and the unlatched position

varies an axial positon of the shuttle piston 320. In the latched position, the shuttle piston 320
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defines a distance L between the first end 330 of the shuttle piston 320 and a first end 376 of the
cam tube 326. Once the shuttle piston 320 reaches the unlatched position, the distance between
the first end 330 of the shuttle piston 320 and a first end 376 of the cam tube 326 increases to a
distance UL. The different between the distance L. and the distance UL may be defined by the
geometry and location of the shuttle flange 337 and the outermost seal 254. The shuttle piston
assembly 304 is designed to ensure that the difference between the distance UL and the distance
L is sufficient to ensure that the first end 330 of the shuttle piston 320 and traverses the seal 254
between the outlet passageway 264 and the inlet passageway 262, which inhibits fluid flow into

the outlet passageway 264.

[00125] Due to the cam sections 350 being circumferentially cyclical about the cam tube 326,
each time the main piston 306 is displaced to the bottom-dead center position and subsequently
retracted sufficiently allow the shuttle flange 337 to engage the outermost seal 254, the latching
mechanism 374 is configured to transition the shuttle piston 320 between the latched position
and the unlatched position or between the unlatched position and the latched position. Thus, the
drive mechanism 277 may selectively transition the shuttle piston 320 between the latched
position and the unlatched position, as desired based on the desired operational position of the

confrol valve 206.

[00126] The illustrated latching mechanism 374 resulted in rotation of the cam tube 326 due
to the movement of the pins 336 against the camming structure 346, In another embodiment, the
latching mechanism 374 may be configured to provide rotation of the shuttle piston 320 as the
pins 336 traverse the camming structure 346 of the cam tube 326. In yet another embodiment,
both the shuttle piston 320 and the cam tube 326 may rotate a portion of the, for example, 45

degrees, as the shuttle piston 320 is displaced in one direction or the other.

[00127] FIG. 40 illustrates a piston assembly 400 that may be integrated into the control valve
206 of the water softener system 200 according to another embodiment of the invention. The
piston assembly 400 includes a main piston assembly 402 and a shuttle piston assembly 404,
The main piston assembly 402 and the shuttle piston assembly 404 may share a common center
axis 405. The main piston assembly 402 includes a main piston 406, a seal retainer 408, and a

seal 410. The main piston 406 may be similar to the main piston 224 of the piston assembly 220

33



WO 2017/160885 PCT/US2017/022371

in design and functionality, Similar components between the main piston 406 and the main

piston 224 are identified using like reference numerals,

[00128] The seal retainer 408 defines a generally annular shape and includes a retainer flange
412, which extends radially outward from an end of the seal retainer 408. The seal retainer 408
includes external threads arranged on an outer surface 414 that extends axially from the retainer
flange 412. The external threads are configured to be threaded inte internal threads arranged on
an inner surface 416 of the main piston 406 to attach the seal retainer 408 to the main piston 406.
When assembled, the seal retainer 408 is conﬁguréd to secure the seal 410 onto the second side
244 of the main piston 406. Specifically, an cuter diameter defined by the retainer flange 412
may be sized such that the seal 410 is secured between the retainer flange 412 and a notch 418

the main piston 406. In the illustrated embodiment, the seal 410 is in the form of an o-ring.

[00129]  The shuttle piston assembly 404 includes a shuttle piston 420, a biasing element 422,
a biasing retainer 424, a guide tube 426, and a rotating ring 428. The shuttle piston 420 defines a
generally cylindrical, hollow body that includes a central passageway 430, a first end 432, and an
opposing second end 434. The central passageway 430 extends through the interior of the shuttle
piston 420 to permit fluid flow therethrough. An interior surface 436 of the shuttle piston 420
includes camming structure 438. The camming structure 438 extends radially inward from the
interior surface 436 and includes a plurality of shuttle teeth 440 arranged circumferentially
around the interior surface 436. Each of the plurality of shuttle teeth 440 are formed by a pair of
angled surfaces that extend toward one another. A tooth recess 442 is arranged along
circumferentially alternating pairs of the plurality of shuttle teeth 440. That is, adjacent pairs of
the plurality of shuttle teeth 440 will include one tooth recess 442. The tooth recesses 442 are
recessed radially inward on the camming structure 438 and ex.tcnd, axially along the camming
structure 438. A shuttle flange 444 extends radially outward from the second end 434 of the
shuttle piston 420.

[00130] The rotating ring 428 defines a generally annular shape and includes a plurality of
lock teeth 446 that are configured to interact with the plurality of shuttle teeth 440 on the shuttle

piston 420. Each of the plurality of lock teeth 446 are formed by an axial surface {i.e., a surface
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that extends substantially parallel to the center axis 405) and an angled surface (i.e., a surface
that is angled with respect to the center axis 405). Similar to the plurality of shuttle teeth 440, a
lock recess 448 is arranged along circamferentially alternating pairs of the plurality of lock teeth
446. That is, adjacent pairs of the plurality of lock teeth 446 will include one lock recess 448,
The lock recesses 448 are recessed radially inward on the respective one of the lock teeth 446 on

which they are arranged and extend axially along the rotating ring 428.

[00131] The rotating ring 428 is dimensioned to be received within the inner surface 436 of
the shuttle piston 420 such that the lock teeth 446 interact with the shuttle teeth 440, as will be

deseribed.,

[00132] The biasing retainer 424 defines a generally cylindrical, hollow shape and includes a

plurality of retainer slots 450 arranged circumferentially around an inner surface 452 thereof.
the inner surface 452. The biasing retainer 424 is dimensioned to be coupled to the second end
434 of the shuttle piston 420. For example, a first end 454 of the biasing retainer 424 may be
configured to snap-fit into the second end 434 of the shuttle piston 420. A bottom surface 456 of
the biasing retainer is dimensioned to engage the biasing element 422 and provide a surface onto
which the biasing element 422 may provide a biasing force against. The biasing element 422 is
configured to be arranged between the biasing retainer 424 and the guide tube 426, and to
provide a biasing force on the shuttle piston 420 in an axial direction toward the main piston 406.
In the illustrated embodiment, the biasing element 422 is engaged between the bottom surface
456 of the biasing retainer 424 and a guide flange 458 of the guide tube 426, which is axially
fixed and provides a base for the biasing element 422 to extend from. In this way, the biasing
element 422 is configured to provide a biasing force onto the shuttle piston 420 in an axial
directed toward the main piston 406. The illustrated biasing element 422 is in the form of a
spring. In other embodiments, for example, the biasing element 422 may be in the form of a

mechanical linkage, a pre-stressed structure, and the like.

[00133] The guide tube 426 defines a generally cylindrical, hollow tube that includes the
guide flange 458, a plurality of first ribs 460, and a plurality of second ribs 462. The first ribs

460 are arranged circumferentially around an outer surface 464 of the guide tube 426, In the
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illustrated embodiment, the guide tube 426 includes four first ribs 460 arranged circumferentially
in approximately 90 degree increments around the outer surface 464. In other embodiments, the
guide tube 426 may include more or less than four first ribs 460 arranged in any increment
circumferentially around the outer surface 464, The first ribs 460 extend radially outward from
the outer surface 464 and extend axially along the outer surface from a first end 466 of the guide
tube 426 to a position between the first end 466 and a second end 468 of the guide tube 426. An

end of the first ribs 460 arranged opposite from the first end 466 includes an angled surface 470.

[00134] The second ribs 462 are arranged circumferentially around an outer surface 464 of the
guide tube 426. The second ribs 462 are circumferentially aligned with the first ribs 462. In the
illustrated embodiment, the guide tube 426 includes four second ribs 462 that are aligned with
the first ribs 460. In other embodiments, the guide tube 426 may include more or less than four
second ribs 462 that may be either aligned with or circumferentially offset from the first ribs 406,
The second ribs 462 extend radially outward from the outer surface 464 and extend axially along
the outer surface from the second end 468 of the guide tube 426 to a position between the first
end 466 and the second end 468 of the guide tube 426.

[00135] The guide flange 458 extend radially outward from the second end 468 of the guide

tube 426. The guide flange 458 is dimensioned to extend radially such that the biasing element

422 engages the guide flange 458, when assembled.

[00136] The outer surface 464 is dimensioned such that the guide tube 426, can extend into
and/or through the biasing element 422, the biasing retainer 424, the rotating ring 428, and the
shuttle piston 420, as illustrated in FIG. 41. Each of the components in the shuttle piston
assembly 404 may define a generally hollow shape such that the central passageway 430 extends
through the shuttle piston assembly 404 to enable fluid flow therethrough. As will be described
below, the interaction between the shuttle piston 420, the biasing element 422, the rotating ring
428, and the guide tube 426 provides a mechanism configured to latch and unlatch the shuttle
piston 420 to selectively control an axial position thereof. The collective interaction between the
shuttle piston 420, the biasing element 422, the rotating ring 428, and the guide tube 426 will be

referred to herein as the latching mechanism 474 of the shuttle piston assembly 404,
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[00137] Operation of the piston assembly 400 in the control valve 206 of the water softener
system 200 will be described with reference to FIG. 41. The piston assembly 400 is configured
to selectively provide and inhibit the same fluid flow paths in the different positions of the
control valve 206 (i.e., the service position, the backwash position, the draw position, the rinse
position, the refill position, and the standby position) as the piston assembly 200. Thus, the
specific axial alignment of the piston assembly 200 in the different positions with respect to the
passageways 262, 264, 266, 268, 270 of the control valve body 260, and the corresponding fluid
flow paths that are provided and/or inhibited by the piston assembly 200 in the respective
positions also applies to the piston assembly 400. Further, it should be appreciated that the
latching mechanism of the piston assembly 400 functions to provide a similar result as the
latching mechanism of the piston assembly 300. That is, the shuttle piston 420 may be
selectively transitioned between a latched position and an unlatched position to control an axial

position of the shuttle piston 420.

[00138] As illustrated in Fig. 41, the last spacer 256 and the last seal 254 (i.e., the spacer 256
and seal 254 spaced furthest from the first side 240 of the main piston 224) of the seal assembly
222 may be replaced by a single spacer 425, The single spacer 425 is configured to retain the
guide tube 426 in the central bore 276 of valve body 260.

[00139] The operation of the piston assembly 400 when tfansitioning between the service,
backwash, draw, rinse, refill, and standby positions may be similar to the piston assembly 300,
described above. However, latching mechanism 474 may function as described below during
this operation. From the position illustrated in FIG. 41 with the main piston 406 in the bottom-
dead center position, for example, the drive mechanism 277 displaces the main piston 406 in a
direction away from the bottom-dead center position. The biasing element 422 then forces the
biasing retainer 424 into the rotating ring 428, which rotates the rotating ring 428 due to the
interaction between the angled surfaces of the shuttle teeth 440 and the lock teéth 446, This
rotation arranges the lock teeth 446 that include a lock recess 448 extending therethrough with
the second ribs 462. As the biasing element 422 continues to force the biasing retainer 424 and
the shuttle piston 420 to follow the main piston 406, the first ribs 460 extend through the lock

recesses 448 in the respective lock teeth 446, thereby enabling the shuttle piston 420 to continue
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1o extend axially until the main piston 406 stops or the shuttle flange 444 engages the outermeost

seal 254,

[00140] To transition to the latched position, the drive mechanism 277 displaces the main
piston 406 to the bottom-dead center position. Once the main piston 406 engages the shuttle
piston 420, the shuttle piston 420 displaces with the main piston 406 toward the bottom-dead
center position. Once the first ribs 460 slide out of and clear the lock recesses 448, the rotating
ring 428 is free to rotate with respect to the shuttle valve 420 and the guide tube 326. When the
main piston 406 reaches the bottom-dead center position, the force on the shuttle piston 420
provided by the main piston 406 rotates the rotating ring 428 due to the interaction between the
shuttle teeth 440 and the lock teeth 446. This rotation aligns the second ribs 462 with the lock
teeth 446 that do not include the lock recesses 448. Thus, once the main piston 406 is displaced
in the opposite direction away from the bottom-dead center position, the biasing element 422
will force the shuttle piston 420 to follow the main piston 406 until the first ribs 460 engage the
lock teeth 446 that do not include the lock recesses 448. Since these lock teeth 448 do not
include the Jock recesses 448, the first ribs 460 are not allowed to axially displace past the

rotating ting 428, thereby restricting an axial position of the shuttle piston 420.

(00141} It should be appreciated that, in some embodiments, the shuttle piston assembly 404
of the piston assembly 400 may be coupled to the main piston 406. For example, FIGS. 42-44
illustrates a piston assembly S00 that may be integrated into the control valve 206 of the water
softener system 200 according to another embodiment of the invention. The piston assembly
500 includes a main piston 502, a shuttle piston assembly 504 that is configured to be coupled to
the main piston 502 by a coupling tube 506. The main piston 502, the shuttle piston assembly
504, and the coupling tube 506 may share a common center axis 505, The main piston 502 may
be similar to the main piston 224 of the piston assembly 220 in design and functionality. Similar
components between the main piston 506 and the main piston 224 are identified using like

reference numerals.

[00142]  The shuttle piston assembly 504 includes a shuttle piston 520, a biasing element 522,
a biasing retainer 524, a shuitle retainer 526 and a rotating ring 528. The shuttle piston 520

defines a generally cylindrical, hollow body that includes a central passageway 530, a first end
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532, and an opposing second end 534, The central passageway 530 extends through the interior
of the shuttle piston 520 to permit fluid flow therethrough. An interior surface 536 of the shuttle
piston 520 includes camming structure 538. The camming structure 538 extends radially inward
from the interior surface 536 and includes a plurality of shuttle teeth 540 arranged
circumferentially around the interior surface 536, Each of the plurality of shuttle teeth 540 are
formed by a pair of angled surfaces that extend toward one another. A tooth recess 542 is
arranged along circumferentially alternating pairs of the plurality of shuttle teeth 540, That is,
adjacent pairs of the plurality of shuttle teeth 540 will include one tooth recess 542, The tooth
recesses 542 are recessed radially inward on the camming structure 538 and extend axially along

the camming structure 538.

[00143] The rotating ring 528 defines a generally annular shape and includes a plurality of
lock teeth 546 that are configured to interact with the plurality of shuttle teeth 540 on the shuttle
piston 520. Each of the plurality of lock teeth 546 are formed by an axial surface (i.e., a surface
that extends substantially parallel to the center axis 505) and an angled surface (i.e., a surface
that 1s angled with respect to the center axis 505). Similar to the plurality of shuttle teeth 540, a
lock recess 548 is arranged along circumferentially alternating pairs of the plurality of lock teeth
546. That is, adjacent pairs of the plurality of lock teeth 546 will include one lock recess 348.
The lock recesses 548 are recessed radially inward on the respective one of the lock teeth 546 on

which they are arranged and extend axially along the rotating ring 528.

[00144] The rotating ring 528 is dimensioned to be received within the inner surface 536 of
the shuttle piston 520 such that the lock teeth 546 interact with the shuttle teeth 540, as will be

described,

[00145] The biasing retainer 524 is in the form of a snap ring, and is dimensioned to be
surface 536 of the shuttle piston 520. In this way, the biasing retainer 524 secures the shuttle
piston 520 and the rotating ring 528 together such that they are allowed to translate axially as a

unitary component.

{00146] The coupling tube 506 defines a generally eylindrical, hollow tube that includes a
guide {lange 352, a plurality of ribs 554, a plurality of openings 556, and a threaded first end 558.
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The guide flange 552 extends radially outward from an outer surface 559 of the coupling tube
506 at a location axially below the plurality of plurality of openings 556. The biasing element
522 is in the form of a spring and is configured to be biased between the guide flange 552 and

the biasing retainer 524.

[00147] The ribs 554 are arranged circumferentially around the outer surface 559 of the
coupling tube 506 adjacent to a second end 560 of the coupling tube 506. The ribs 354 extend
radially outward from the outer surface 559 and extend axially along the outer surface 559 from
the second end 560 of the coupling tube 506 to a position between the first end 558 and the
second end 560 of the coupling tube 506. An end of the ribs 554 arranged opposite from the

second end 560 includes an angled surface 562.

[00148] An axial gap 564 is arranged on the ribs 554 that extends circumferentially around the
outer surface 559 of the coupling tube 506. The axial gap 564 is dimensioned to receive the
shuttle retainer 526. The shuttle retainer 526 is in the form of a snap ring and is configured to
limit the axial displacement of the shuttle piston 520 (i.e., the shuttle retainer 526 acts as a stop

for the shuttle piston 520 during axial translation between a latched and an unlatched position).

[00149] The threaded first end 558 of the coupling tube 506 is configured to be coupled to the
second end 244 of the main piston 502. The outer surface 559 is dimensioned such that the
coupling tube 506, can extend into and/or through the biasing element 522, the biasing retainer
524, the rotating ring 528, and the shuttle piston 520, as illustrated in FIGS. 43 and 44. Each of
the components in the shuttle piston assembly 504 and the coupling tube 506 may define a
generally hollow shape such that the central passageway 530 extends through the shuttle piston
assembly 504 and the coupling tube 506 to enable fluid flow therethrough. As will be described
below, the interaction between the shuitle piston 520, the biasing element 522, the rotating ring
528, and the coupling tube 506 provides a mechanism configured to latch and unlatch the shuttle
piston 520 to selectively control an axial position thereof and fluid flow through the openings
556, The collective interaction between the shuttle piston 520, the biasing element 522, the
rotating ring 528, and the coupling tube 506 will be referred to herein as the latching mechanism

574 of the piston assembly 500.
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[00150] Operation of the piston assembly 500 in the control valve 206 of the water softener
system 200 will be described with reference to FIGS. 42-44. The piston assembly 500 is
configured to selectively provide and inhibit the same fluid flow paths in the different positions
of the control valve 206 (i.e., the service position, the backwash position, the draw position, the
rinse position, the refill position, and the standby position) as the piston assembly 200. Thus, the
specific axial alignment of the piston assembly 200 in the different positions with respect to the
passageways 262, 264, 266, 268, 270 of the control valve body 260, and the corresponding fluid
flow paths that are provided and/or inhibited by the piston assembly 200 in the respective

positions also applies to the piston assembly 400,

[00151] The operation of the piston assembly 500 when transitioning between the éervice,
backwash, draw, rinse, refill, and standby positions may be similar to the piston assembly 200,
described above. However, latching mechanism 574 may function as described below during
this operation. FIG. 42 illustrates the piston assembly 500 in a latched position where the ribs
534 are forced into engagement with the Jock teeth 546 that do not included the lock recesses
548 by the biasing element 522. In this latched position, the shuttle piston 520 is axially
constrained and prevented from displacing relative to the main piston 502. A seal is formed
between the shuttle piston 502 and the first end 558 of the coupling tube 506 via a seal 576 in the

form on an o-ring. This seal prevents fluid flow into the openings 556.

[00152] To transition to the unlatched position, an axial position of the piston assembly 500
may be altered to provide an external force on the shuttle piston 520 that forces the shuttle teeth
540 to interact with the lock teeth 546 against the force of the biasing element 522. The
interaction between the shuttle teeth 540 and the lock teeth 546 imparts rotational torques on the
rotating ring 528, which force the rotating ring 528 to rotate a predetermined amount governed
by the number and geometry of the shuttle and lock teeth 540 and 546. This rotation of the
rotating ring 528 brings the lock teeth 546 that include the lock recesses 548 in alignment with
the ribs 554. The biasing force provided by the biasing element 522 is then allowed to bias the
shuttle piston 520 toward the shuttle retainer 526 until the shuttle piston 520 engages the shuttle
retainer 526. Thus, the shuitle piston 520 is axially translated into the unlatched position shown

in FIG, 44. In the unlatched position, the shuttle piston 520 is positioned such that an opening is
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formed between the shuttle piston 520 and the main piston 502 to enable fluid flow through the

openings 556.

[00153] Similar to the piston assembly 500, in some embodiments, the piston assembly 300
may be designed to include a coupling tube, or the like, to facilitate the coupling of the shuttle

piston assembly 304 to the main piston 306.

[00154] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is not
necessarily so limited, and that numerous other embodiments, examples, uses, modifications and
departures from the embodiments, examples and uses are intended to be encompassed by the
claims attached hereto. The entire disclosure of each patent and publication cited herein is
incorporated by reference, as if each such patent or publication were individually incorporated by
reference herein. Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS
We claim:

1. A piston agsembly for a control valve in a water softener system, the control valve
including a drive mechanism, one or more fluid passageways, and a seal assembly arranged
within a central bore and in fluid communication with the one or more fluid passageways, the
piston assembly comprising:

a main piston moveably received within the seal assembly and including a first end and a
second end opposite to the first end, wherein the drive mechanism is connected to the first end of

the main piston to selectively control a position of the main piston; and

a second end opposite to the first end, wherein the shuttle piston is configured to selectively
engage the second end of the main piston to form a seal therebetween and to selectively move
relative to the second end of the main piston to form an opening between the second end of the

main piston and the first end of the shuttle piston, in response to movement of the main piston.

2. The piston assembly of claim 1, wherein the main piston includes a radial recess

that extends radially inward between a first flange and a second flange.,

3. The piston assembly of claim 1, wherein the second flange is dimensioned to

selectively block one of the one or more passageways based on the position of the main piston.

4. The piston assembly of claim 1, wherein the shuttle piston is moveably coupled to

the main piston via a coupling mechanism.,

5. The piston assembly of claim 4, wherein the coupling mechanism includes a

plurality of feet that extend axially toward the shuttle piston.

6. The piston assembly of claim 5, wherein the plurality of feet each include a stop

at a distal end thereof configured to engage the shuttle piston.
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7. The piston assembly of claim 6, wherein the plurality of stops are configured to
limit an axial distance defined by the opening formed between the second end of the main piston

and the first end of the shuttle piston.

8. The piston assembly of claim 1, wherein the main piston and the shuttle piston

define a central passageway to permit fluid flow therethrough.
9. The piston assembly of claim |, wherein the shuttle piston includes a shuttle
flange that extends radially outward and is configured to engage an outermost seal of the seal

assembly to limit an axial position of the shuttle piston.

10.  The piston assembly of claim 1, further comprising an upper shuttle arranged

adjacent to the first end of the main piston.

11.  The piston assembly of claim 10, wherein the upper shuttle is moveable with

respect to a first end of the main piston.
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12. A piston assembly for a control valve in a water softener system, the control valve
including a drive mechanism, one or more fluid passageways, and a seal assembly arranged
within a central bore and in fluid commiunication with the one or more {luid passageways, the
piston assembly comprising:

a main piston moveably received within the seal assembly and including a first end and a
second end opposite to the first end, wherein the drive mechanism is connected to the first end of
the main piston to selectively control a position of the main piston;

a shuttle piston moveably received within the seal assembly and including a first end and
a second end opposite to the first end, wherein the shuttle piston is moveable between a latched
position and an unlatched position; and

a latching mechanism configured to cyclically transition the shuttle piston between the

latched positon and the unlatched position to control an axial position of the shuttle piston.
13, The piston assembly of claim 12, wherein the latching mechanism cyclically
transitions the shuttle piston between the latched position and the unlatched position in response

to engagement and subsequent movement by the main piston.

14, The piston assembly of claim 12, further comprising a biasing element arranged

to provide a biasing force on the shuttle piston in a direction toward the main piston.

15, The piston assembly of claim 14, wherein the biasing element is biased between

the second end of the shuttle piston and a biasing retainer.

16.  The piston assembly of claim 15, wherein the biasing retainer is secured in the

central bore by a single spacer arranged adjacent to an end of the central bore,

17.  The piston assembly of claim 14, wherein the biasing element is biased between a

bottom surface of a biasing retainer and a guide flange of a guide tube.

18, The piston assembly of claim 17, wherein the guide tube is secured in the central

bore by a single space arranged adjacent to an end of the central bore.
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19.  The piston assembly of claim 12, wherein the latching mechanism comprises a
plurality of pins extends radially inwards from an inner surface of the shuttle piston, a biasing

element, and a cam tube,

20.  The piston assembly of claim 19, wherein the cam tube includes a camming
structure arranged on an outer surface thereof, wherein the camming structure includes a
plurality of cam sections each configured to interact with a corresponding one of the plurality of

pins.

21.  The piston assembly of claim 20, wherein each cam section includes a first cam

surface, a second cam surface, and a cam lobe.

22.  The piston assembly of claim 21, wherein the cam lobes include a pocket, a
pocket surface, and a cam lobe surface, wherein the pockets are dimensioned to secure the
respective one of the pins therein to limit an axial position of the shuttle piston in the latched

position.

23.  The piston assembly of claim 22, wherein the pocket surfaces, the cam lobe
surfaces, the first cam surfaces, and the second cam surfaces are all angled to facilitate rotation

of the cam tube in the same direction as the pins traverse therealong.

24.  The piston assembly of claim 12, wherein the latching mechanism comprises a
camming structure arranged on an inner surface of the shuttle piston, a rotating ring, a biasing

element, and a guide tube.

25.  The piston assembly of claim 24, wherein the camming structure extends radially

inward from the interior surface of the shuttle piston and includes a plurality of shuttle teeth.
26.  The piston assembly of claim 25, wherein the circumferentially alternating pairs

of the plurality of shuttle teeth include a tooth recess that is recessed radially inward on the

camming structure and extends axially along the camming structure.
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26.  The piston assembly of claim 25, wherein the rotating ring includes a plurality of

lock teeth that are configured to interact with the plurality of shuttle teeth,

27.  The piston assembly of claim 26, wherein circumferentially alternating pairs of
the plurality of lock teeth include a lock recess that is recessed radially inward and extends

axially along the rotating ring.

28.  The piston assembly of claim 27, wherein the guide tube includes a plurality of
ribs extending radially outward from an outer surface thereof and that extend axially along the

outer surface,

29.  The piston assembly of claim 28, wherein selective engagement between the main
piston and the shuttle piston is configured to rotate the rotating ring due to the interaction

between the plurality of lock teeth and the plurality of shuttle teeth.
30.  The piston assembly of claim 29, wherein rotation of the rotating ring cyclically

aligns the plurality of ribs with the lock recesses to enable the shuttle piston to selectively extend

toward the unlatched position via a bigsing force provided by the biasing element.
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