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FLUID DOSING SYSTEM
BACKGROUND

{8601] The present mvention relates to a chemuical dosing system, and more particularly to a

rotary dosing system that can dispense different chemical dilutions.
SUMMARY

[0662] Many industries rely on systems that mix one or more chemicals and water or another
suttable fluid. These systems require a means of consistently and accurately providing doses of
chemicals to the appropriate amount of water to create a correctly diluted solution. The goal 1s for

the system to create effective solutions without wasting chemical.

[0863] In one aspect, the 1nvention provides a dosing engine including a framework that has at
least three housings and a wall defining a central chamber in communication with each of the at
ieast three housings via chamber mlets and chamber outlets, and a piston disposed in each of the
at least three housings. Each piston and housing cooperate to define a piston-cylinder arrangement,
and the pistons are cooperatively driven between respective first positions and second positions by
a motive force. The dosing engine also mcludes a valve assembly that 1s positioned in the central
chamber and that 1s configured to be m fhud communication with a diluent inlet and a difuent
outlet. The valve assembly is rotatable via the motive force for mtake of diluent and a second
position for dispense of diluent. The dosing engine further includes at least one chemical pump
assembly that is attached to the framework and that is driven by the motive force to intake and

dispense a chemical concentrate.

{0604] In ancther aspect, the invention provides a dosing engine including a framework that
defines a central chamber, and three or more pistons that are coupled to the framework within
respective housings. Fach piston and housing cooperate to define a piston-cylinder arrangement.
The dosing engine also includes a valve assembly that is positioned in the central chamber and that
is configured to be in fluid commumnication with a source of diluent via a diluent inlet and a diluent
outlet. The dosing engine further includes at least one chemical pump assembly that 1s attached to
the tramework and that 15 configured to be in fhud communication with a source of chemical

concentrate. A single motive force is configured to drive the three or more pistons between



WO 2021/021945 PCT/US2020/044090

respective first positions and second positions. The single motive force is further configured to
rotate the valve assembly to intake diluent and dispense diluent, and to drive the chemical pump

assembly to intake and dispense the chemical concentrate.

{0085} In another aspect, the invention provides a dosing engine including a diluent pump that
has a framework with an inlet and an outlet and defining a central chamber, a valve assembly
positioned n the central chamber, and three or more pistons disposed in the framework and
cooperating with the framework to define piston-cylinder assemblies that are reciprocated between
a first position and a second position by a motive force. The inlet is configured to be connected to
a source of diluent. The valve assembly has an intake valve in fluid communication with the inlet
and a discharge valve that 1s in fluid communication with the outlet. The dosing engine also
mcludes a chemical pump that has a chemical piston and first and second sleeves. The chemical
piston 1s configured to reciprocate within the sleeves via the motive force. The valve assembly

also 13 configured to rotate via the motive force.

{0006] In another aspect, the invention provides a dosing engine including a framework, fluid
drivers, and a flow control device. The framework has an inlet that receives a fluid and an outlet
that dispenses the fluid. The fluid drivers are supported by the framework and pump fluid toward
the outlet. The flow control device is coupled to the framework and is in fluid communication with
the nlet, the outlet, and the flind drivers. The fluid drivers are cooperatively driven by a motive
force from fluid flow through the inlet to dispense fluid via the outlet, and to drive the flow control

device to distribute dduent to the difuent drivers in g coordinated manner,

{0007] In another aspect, the invention provides a dosing engine mncluding a framework, fluid
drivers, a drive mechanism and a flow control device. For example, the framework has an inlet
that receives a fluid and an outlet that dispenses the fluid. The fluid drivers are supported by and,
in some cases, radially arranged on the framework. In cases where the fluid drivers are radially
arranged, the fluid drivers are angularly spaced around the framework and pump flind toward the
outlet. The drive mechamsm 18 coupled to the framework and is operatively coupled to the flud
drivers. The flow control device is at least partially disposed in the framework and is operatively
coupled to the drive mechamisin. For example, the flow control device 1s in fluid communication

with the miet, the outlet, and the flid drivers, and the flow control device 1s defined by one or
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more cams and one or more valves to sequence flow of fhud to and from the flud drivers n

response to movement of the drive mechanism.

{0608] In another aspect, the invention provides a method of dispensing a fluid. The method
mcludes directing a fluid through an inlet of a framework. The framework support flaid drivers
that at least partially define pump chambers associated with the fluid drivers. The method also
mcludes cooperatively moving the fluid drivers via a motive force from fhud flow nto the
framework to dispense fluid to an outlet, and driving a flow control device in response to the
cooperative movement of the fluid drivers to distribute diluent to the fluid drivers in a coordinated

manner.
BRIEF DESCRIPTION OF THE DRAWINGS

{8009] FIG. 1 1s a perspective view of an exemplary dosing system including a dosing engine

that has a mechanism 64 pump, chemical pump assemblies, and a drive mechanism.

{0616] FIG. 215 a perspective view of a portion of the dosing engine of FIG. 1 exposing features

of two of the chemical pump assemblies.
[8011] FIG 3A 15 an elevation view of the dosing engine of FIG. 1 from a first side.

[0612] FIG. 3B 1s an elevation view of the dosing engine of FIG. 1, with a portion of the drive

mechanism removed for clarity.
{0613] FIG. 4 15 an elevation view of the dosing engine of FIG. 1 from a second side.

[0014] FIG 5 is an elevation view of the dosing engine with portions of the dosing engine
removed to tHustrate fluid pistons, chemical pistons, and the axes along which fluid pistons and

chemical pistons move.

[0015] FIG. 615 a cross-section view of the mechanism 64 pump taken along line 6-6 of FIG.

3A.

[0016] FIG. 715 a cross-section view of the mechanism 64 pump and the drive mechanism taken

along line 7-7 of FIG. 3A.
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{0617] FIG 81s an exploded view of the mechanism 64 pump and the drive mechanism of FIG.

1 illustrating a dosing engine framework, a valve assembly, and mechanism 64 pistons.
{0618] FIG. 9 1s a perspective view of the dosing engine framework of FIG. 8.

{0019} FIG. 10 15 a cross-section view of the dosing engine framework of FIG. 9 taken along

line 10-10 1 FIG. 9.

[0028] FIG. 11 15 an exploded perspective view of the valve assembly ncluding a first valve and

a second valve, and a portion of the drive mechanism.
[0021] FIG. 12A 15 a perspective view of the first valve of FIG. 11,
[0022] FIG. 12B 15 an elevation view of the first valve from the lefi side of FIG. 12A.

[0023] FIG 12C 15 a perspective view of the valve assembly illustrating the first and second

valves.
[0024] FIG. 12D 1s another perspective view of the valve assembly of FIG 11,

{0025] FIG. 12E s an elevation view of the valve assembly illustrating the first and second

valves mated together.

{0026] FIG. 12F 1s an elevation view of the valve assembly illustrating the first and second valves

spaced apart from each other.
{0027} FIG. 13 1s a perspective view of one mechanism 64 piston of FIG. 8.

{6028] FIG. 14A s an elevation view of a one chemical pump assembly illustrating inlets and

outlets, the chemical piston, and the chemical drive assembly.

{00629] FIG. 14B 1s a perspective view of a portion of the chemical pump assembly with the
housing made transparent to iHustrate the chemical piston, pump chambers, and chemical drive

assembly.
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{06306] FIG. 14C 15 another perspective view of a portion of the chemical pump assembly with
the housing made transparent to tHlustrate the chemical piston, pump chambers, and chemical drive

assembly.

{0031} FIG. 14D 15 a perspective view of two adjacent, parallel chemical pump assemblies, with

a portion of the housing removed for clarity.

{0032} FIG. 14F is a perspective view of a portion of two adjacent chemical pump assemblies

lustrating chemical pistons, chemical pump chambers, and chemical drive assemblies.

{0033] FIG. 15 1s a perspective view of the dosing engine of FIG. 1 illustrating the drive
mechanism, with portions of the drive mechanism and the chemical pump assembly transparent

for the sake of clanity.

[8034] FIG 16 15 an exposed view of the rotary dosing system illustrating the dosing engine n
a first state with a first diluent piston, a second diluent piston, and a third diluent piston in

respective stroke positions.

2

[8035] FIG. 17 15 an exposed view of the rotary dosing systern tlustrating the dosing engine
a second state with the mechanism 64 pistons in different respective stroke positions relative to

FiG 16,

{8036] FIG. 18 an exposed view of the rotary dosing system iflustrating the dosing engine in a
third state with the mechanism 64 pistons in different respective stroke positions relative to FIGS.

16and 17.

2

{0037} FIG. 1915 a schematic of the rotary dosing system ilustrating the dosing engine, chemical

concentrate sources, a fluid source, and a mix chamber.

[0038] FIG. 20 18 a perspective view illustrating another exemplary dosing system including a

dosing engine that has a mechanism 64 pump and a drive mechanism.

[0039] FIG. 21 15 another perspective view of the dosing engine of FIG. 20 dlustrating the dosing

engine and an mnlet and an outlet of the mechanism 64 pump.
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{0040] FIG 22 15 an exploded perspective view of the dosing engine of FIG. 20 illustrating

various components of the dosing system.

{8041] FIG. 23 15 an exploded perspective view of one side of the drive mechamism of FIG. 20,

mcluding a mechanical linkage and a valve crank gear.

{0642] FIG. 24 1s an exploded perspective view of the valve crank gear and an inlet shaft of the

pump.

[8043] FIG. 25 15 a perspective view of the dosing engine of FIG. 21 with the crank arms and
the valve crank gear removed to llustrate portions of the mechanism 64 pump, including a seal

plate and an miet shaft.

[0044] FIG. 26 1s a perspective view of an inner side the seal plate of FIG. 25,

[8043] FIG. 27 15 a perspective view of one mechanism 64 piston of the dosing engine of FIG.

20, including a piston head, a piston skirt, and a piston seal.

[0046] FIG. 28 1s a view of the mechanism 64 pump illustrating valve crank gears, and portions

of an inlet valve assembly and an outlet valve assembly, with poppets removed for clarity.

[0047] FIG. 29 s a section view of the mechanism 64 pump tustrating the framework, the inlet

valve assembly, the outlet valve assembly, and pump chambers.

[0048] FIG. 30 1s a perspective view of the inlet valve assembly and the outlet valve assembly.

{0049] FIG. 31 15 a perspective view of a portion of the inlet valve assembly.

{0050] FIG. 32 15 a perspective view of a portion of the outlet valve assembly with an outlet shaft

and a pressure seal.

{0051} FIG. 33 s a perspective view of a portion of the dosing engine similar to FIG. 32 with

the outlet shaft and the pressure seal removed to illustrate an outlet cam.

{0052} FIG. 34A 1s a perspective view of the framework on the outlet side.
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{0653] FIG. 34B s a perspective view of a portion of the dosing engine similar to FI{G:. 33 with

the outlet cam removed to illustrate poppets of the valve assembly on the outlet side.

{0684] FIG. 35 15 a perspective view of a portion of the dosing engine with the center shaft

removed to illustrate an inlet pressure cam and inlet-side poppets.
{B685] FIG. 36A 15 a perspective view of the framework on the inlet side.

[0056] FIG. 368 15 a perspective view of a portion of the dosing engine of FIG. 35 with the mlet

pressure cam removed to illustrate the inlet-side poppets and the imlet-side ift cam.

[0057] FIG. 37A1s a view of the inlet valve assembly, including a bore seal, a hift cam, poppets

{with some removed for clarity}, an inlet-side-pressure cam, and an inlet shaft.

[0058] FIG. 37B is a perspective view of the lift cam, poppets, the inlet-side-pressure cam, the

mlet shatt, and poppets {with some removed for clarity).

[0059] FIG. 37C 15 a perspective view of the lift cam.

x

[0060] FIG. 37D 15 a perspective view of the inlet pressure cam.

{0061} FIG. 37E 1s another perspective view of the inlet pressure cam.

{0062] FIG. 37F 1s a perspective view of the inlet shaft.

{0663] FIG. 37G 1s another perspective view of the inlet shaft.

10064] FIG. 37H 1s a view of the outlet valve assembly, including poppets, an outlet pressure

cam, a seal plate, and an outlet shaft.

{0065] FIG. 37) 1s a perspective view of the outlet pressure cam.

[8066] FIG. 37K 1s another perspective view of the outlet pressure cam.
{0067} FIG. 371 15 a perspective view of the outlet shaft.

[0068] FIG. 37M 15 ancther perspective view of the outlet shaft.
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{0669] FIG. 38A 1s a section view across the inlet and outlet of the dosing engine illustrating
fluid flow through the inlet and the outlet, and into and out of a mechanism 64 pump chamber

relative to the inlet-side chamber and the outlet-side chamber, respectively.

{0076} FIG. 38B 15 another section view across the inlet and outlet of the dosing engine
illustrating fluid flow through the inlet and the outlet, and into and out of a mechanism 64 pump
chamber relative to the infet-side chamber and the outlet-side chamber, respectively, with some

poppets removed for clarity.

{0071} FIG. 39 15 a section view across the inlet side the dosing engine illustrating fhud flow

through the system.

{0072} FIG. 40 s a section view across the outlet side of the dosing engine tlustrating fluid flow

through the system.

{0073} FIG. 41 15 a section view across the outlet side of the dosing engine illustrating the
positions of the pistons relative to the outlet-side chamber in a state of operation of the dosing

engine.

[8074] FIG. 42A 15 a section view 1tlustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

{8073] FIG. 42B 1s a section view dlustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

{8076] FIG. 42C 18 a section view tlustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

[8077] FIG. 42D 1s a section view illustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

[0078] FIG. 42E 1s a section view llustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.
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{0679] FIG. 42F 13 a section view tllustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

{0080] FIG 42G s a section view illustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

{0081] FIG 42H s a section view illustrating a stroke of one piston and relative positions of the

poppets associated with the piston during operation of the dosing engine.

[8082] FIG. 43 A dlustrates piston position relative to the angular position of pistons in a three-

piston dosing engine consistent with what is shown in FIG. 1.

[B083] FIG. 438 idlustrates flund flow rate relative to the angular posttion of pistons n a three-

piston dosing engine consistent with what 1s shown m FIG. 1.

[8084] FIG. 43C illustrates piston torque relative to the angular posttion of pistons in a three-

piston dosing engine consistent with what 1s shown m FIG. 1.

[0083] FIG. 44A illustrates piston deflection relative to the angular posttion of pistons in a five-

piston dosing engine consistent with what 1s shown i FIG. 20.

[0086] FIS. 44B illustrates dosing engine flow rate relative to the angular position of pistons in

a five-piston dosing engine consistent with what 1s shown in FIG. 20.

[0087] FIG. 44C illustrates piston torque relative to the angular position of pistons in a five-

piston dosing engine consistent with what 1s shown n FIG. 20.

{0088] Before any embodiments of the present invention are explained in detatl, it should be
understood that the invention 1s not limited in ts application to the details or construction and the
arrangement of components as set forth in the following description or as illustrated in the
drawings. The invention s capable of other embodiments and of being practiced or of being carried
out 1n various ways. It should be understood that the description of specific embodiments is not
intended to limit the disclosure from covering all modifications, equivalents and alternatives

falling within the spirit and scope of the disclosure. Also, it 15 to be understood that the phraseology
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and terminology used herein is for the purpose of description and should not be regarded as

limiting.
DETAILED DESCRIPTION

{0089} FIGS. 1 and 19 illustrate an exemplary dosing system including a dosing engine or
dispenser 10 {e.g., a rotary dosing engine or rotary dispenser) that is coupled to a fluid or diluent
source 12 {e.g., a water or other fluid source} and chemical reservoirs 14 {e.g., containers, bags,
tanks, etc.} for mixing fluid and chemical in a mix chamber 16. The dosing engine 10 includes a
fluid or diluent pump 17 (referred to as a “diluent pump’ for purposes of description only),
chemical drivers or pump assemblies 18, and a drive mechanism 19 that operatively couples the
pump 17 and the chemical pump assemblies 18 to dispense predetermined amounts of diluent and

a selected chemical into the mix chamber 16, As shown in FIG. 19, the mix chamber 16 is located

downstream of the dosing engine 10.

{0690] With reference to FIGS. 1-10, the diluent pump 17 includes a framework 34 that has an
inlet 38, an outlet 42, a central chamber 44 (best seen in FIGS. 8 and 9), and housings 46 (FIGS.
Zand 5). The mlet 38 1s fluidly coupled to the diluent source 12 (e.g., via piping, conduit, or hoses)
and connects the diluent source 12 to the central chamber 44 The outlet 42 fluidly connects the
central chamber 44 to the mix chamber 16. It will be appreciated that the pump 17 can be used

with fluids other than a diluent.

{0091] With reference to FIGS. 9 and 10, the central chamber 44 15 defined by a wall 50 with an
mnterior surface of revolution about a central axis A (see FIGS. 7, §, and 10}. The illustrated central
chamber 44 includes a first or intake chamber section 52 and a second or discharge chamber section
54, Each chamber section 52, 54 15 defined by a cylindrical portion 52a, 54a, respectively, on the
outer or lateral extent of the central chamber 44 {left and right sides of the chamber 44 as viewed
i FIG. 10; along the axis A), and a tapered portion 52b, 54b, respectively, that tapers radially
mward relative to the central axis A. The tapered portions 52b, 54b terminate at a ridge 56. It will
be appreciated that the central chamber 44 can have a different profile and still function n the
manner described herein. The inlet 38 fluidly communicates with the intake chamber section 52,

and the outlet 42 fludly cornmunicates with the discharge chamber section 54

10
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{0692] The housings 46 are attached to the central chamber 44 {e.g., by welding or formed
mntegral with the central chamber 44 via a molding or forming process) and extend outward from
the central chamber 44, As best seen in FIG. 5, the framework 34 has three housings 46, although
it will be appreciated that the framework 34 may have fewer or more than three housings 46 (e g,
two housings, five housings, etc.). The illustrated housings 46 are cylindrical, but it will be
appreciated that the housings 46 can have other shapes {¢.g., oblong, polygonal, elliptical, etc.).
As shown 1n FIGS. 5 and 9, the housing 46 has an end wall 58 that joins with (e.g., partially shares)
the wall 50. In some embodiments, the end wall 38 can be completely separate from (and still
attached to) the wall 50, Each housing 46 also has slots 60 that extend from a distal end of the

housing 46 axially inward along a piston axis B toward the end wall 38

{0093] Asshown in FIGS. 5-8, the diluent pump 17 also mcludes fluid drivers 62 (e.g., illustrated
as pistons) and a flow control device 64 (e g, llustrated as a valve assembly or valve mechanism).
For purposes of the description, the terms ‘valve assembly’ and ‘valve mechanism’ are used as
examples of a flow control device. One piston 62 1s disposed in a corresponding housing 46, and
each housing-piston combination defines a piston-cyhinder arrangement. It will be appreciated that
the term ‘piston-cylinder’ encompasses more than a cylindrical housing 46, and that the shape of
the housing 46 and the piston head can have shapes other than cylindrical {e.g., oblong, polygonal,
elliptical, etc.). In addition, each piston 62 defines an exemplary pump mechanism of the dosing
engine 10 that i1s supported by the framework 34 and that pumps fluid from the inlet 38 to the outlet
42 10 a coordmated manner with the other pump mechanisms. For purposes of the description and
the claims, the terms “fhud dniver’ or “diluent doiver” shall be broadly construed as a pump
mechanism that can 1nclude the piston 62, or another pump mechanism that s designed to pump a
fluid. The term ‘flow control device” shall be broadly construed to include the valve mechamsm

64 or another mechanism or assembly that controls flow of fhud through the framework 34

[0094] With reference to FIG. 13, the diluent piston 62 15 defined by a body that has a piston
head 66 and arms 68 that are connected to the piston head 66 by a neck portion 70. The piston
head 66 15 shaped consistent with the shape of the housing 46, and has a channel 72 that carries a
seal 74, With reference to FIGS. 1-4, 6, 7and 13, the arms 68 extend laterally outward from the
body and extend through the slots 60 when the diluent piston 62 is positioned in the housing 46.

As shown, the arms 68 include a fastener or attachment 76 {e.g., snap-protrusions) on the

11
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respective ends of the arms 68 that attach the diluent piston to the drive mechanism 19. The arms
68 may be coupled to the drive mechanism 19 in any suitable manner (e g, by fasteners, pins, etc.)

that facilitates reciprocation of the diluent piston 62 in the housing 46.

{0095} The housing 46, including the end wall 58, and the piston head 66 cooperate to define a
diluent pump chamber 78 that is in fluid communication with the central chamber 44. More
specifically, and with reference to FIG. 10, the diluent pump chamber 78 1s in fluid communication
with the intake chamber section 52 via a first aperture or pump chamber inlet 80. The diluent pump
chamber 78 also 1s in fluid communication with the discharge chamber section 54 via a second
aperture or pump chamber outlet 82, The seal 74 fluidly seals the diluent pump chamber 78 to

prevent leakage of diluent from the diluent pump chamber 78 beyond the piston head 66.

{0096] Fach diluent piston 62 reciprocates within the corresponding housing 46 between a first
or intake position (referred to herein as a “diluent intake position” for purposes of clarity) and a
second or discharge position (referred to herein as a “diluent discharge position” for purposes of
clarity). The diluent intake position corresponds to the state of the diluent piston 62 where diluent
has been fully drawn into the diluent pump chamber 78 {e.g., a “bottom dead-center” position or
priming position; see upper left piston-cvlinder arrangement 1n FIG. 16). The diluent discharge
position corresponds to the state of the diluent piston 62 where diluent has been fully discharged
from the diluent pump chamber 78 {a “top dead-center” position or discharging position; see upper
right piston-cylinder arrangement in FIG. 16). Movement of the diluent piston 62 from the diluent
intake position to the diluent discharge position discharges diluent from the diluent pump chamber
78, and movement of the diluent piston 62 from the diluent discharge position to the diluent intake

position draws diluent 1nto the diluent pump chamber 78.

{00971 As shown win FIGS. 5-8, the itlustrated valve mechanism 64 is disposed i the central
chamber 44 and controls the flow of diluent between the inlet 38, the outlet 42, the central chamber
44, and each diluent pump chamber 78 With reference to FIGS. 6, 7, 11A-12C, the valve
mechanism 64 15 rotatable within the central chamber 44 about the axis A The valve mechanism
64 includes a first or intake valve {e.g., first valve portion) 110a and a second or discharge valve
{e.g., second valve portion) 110b. As illustrated, the mtake valve 110a and the discharge valve

110b are the same, with the discharge valve 110b positioned in the central chamber 44 1 an

12
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orientation that 1s 180° relative 1o the orientation of the intake valve 110a.

{0098] Because the intake valve 110a and the discharge valve 110b are the same, 1t should be
understood that generic reference numerals will be used to identify the valve features, including
the valves themselves (i.e. the generic reference numeral for each valve is “110”). Where there 1s
a need to differentiate between the imtake valve 110a and the discharge valve 110b, the features of
the intake valve 110a will be referred to with reference numerals having the character ‘a’, and
features of the discharge valve 110b will be referred to with reference numerals having the
character ‘b’. Also, while the illusirated embodiment includes distinct valves 110a, 110b that are
coupled to each other, it should be appreciated that the valve assembly may be integrally formed

as a monaolithic element.

{0099] FIG. 12A-12F dlustrate that the valve 110 has a body 114 with an axis of rotation C (the
axis A and C are collinear when the valve 110 15 positioned in the central chamber 44). The body
114 1s defined by a circular segment in cross-section {see FIG. 12B), and extends along the axis of
rotation C such that the body 114 has a truncated frusto-conical profile. Stated another way, the
body 114 has a first side 118 that is defined by a first planar surface 122, a second side 126 that is
defined by a second planar surface 130, and an outer surface 134 that extends and radially tapers
between the first planar surface 122 and the second planar surface 130. A shelf 138 1s defined on
the second side 126 and extends through the axis of rotation C. The body 114 also has a chord
surface 142 that extends between oppostte edges of the outer surface 134, As shown in FIG. 12B,
the outer surface 134 defines a circular arc that is larger than 180° from one edge of the outer

surface 134 to the other edge of the outer surface 134,

[B01008] With continued reference to FIGS. 12A-12F, a fastener post 146 and alignment posts
150 extend hinearly outward from the first side 118, and a flange 154 extends radially outward
from the body 114 adjacent the second side 126, The fastener post 146 15 positioned on the axis of
rotation C, and the alignment posts 150 are diametrically oppostte each other relative to the fastener
post 146. The fastener post 146 1s a hollow column that receives a fastener 158 (FIG. 11}, In some
embodiments, the fastener post 146 15 threaded to receive the fastener 158, In other embodiments,
springs or other devices can be used to secure the valves 110a, 110b to each other in the central

chamber 44. The alignment posts 150 are shown as sohd columns, although the alignment posts
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150 can be hollow. The flange 154 has a circular segment profile when viewed from the side or in
cross-section. The radius of curvature for the flange 154 15 equal to the radius of curvature for the

second side 126.

{00181] When the intake vaive 110a and the discharge valve 110b are fully positioned in the
central chamber 44 (i.e. the intake valve 110a s positioned in the intake chamber section 52 and
the discharge valve 1s positioned in the discharge chamber section 54), the second side 126a mates
with the second side 126b such that the shelves 138a, 138b are engaged with each other. As
explained in detail below, engagement of the shelves 138a, 138b permit coordinated rotation of
the valves 110a, 110b. The outer surfaces 134a, 134b are complementary to and engage or mate
with the tapered portions of the intake chamber section 52 and the discharge chamber section 54,
respectively. Also, the radial extents of the flanges 154a, 154b are aligned with and engage

opposite sides of the ridge 56.

{00102] With reference to FIGS. 6 and 7, the wall 50 and the intake valve 110a cooperate to
define an intake chamber 160 that selectively fluidly couples to the inlet 38 and the diluent pump
chambers 78 depending on the rotational position of the valve mechanism 64. The wall 50 and the
discharge valve 110b cooperate to define a discharge chamber 162 that selectively fluidly couples
to the outlet 42 and the diluent pump chambers 78 depending on the rotational position of the valve
mechanism 64. The complementary mating between the valves 110a, 110b and the wall 50 seal

the respective chambers 160, 162 from each other.

{00103] With reference to FIGS. 1-5, the chemical pump assemblies 18 {(sometimes referred to
as chemical drivers} are coupled to the framework 34 between the housings 46 {e.g., snapped onto
the framework 34, or attached by an adhesive or other fasteners or fastener combinations, engaged
by one or more hinges, etc.). As shown, the dosing engine 10 has four chemical pump assemblies
18, although fewer or more than four chemical pump assemblies 18 may be included on the dosing

engine 10,

[00104] The chemical pump assemblies 18 are arranged in paus that are attached at each of two
locations on the framework 34, As ilustrated i FIGS. 3A-S, the pawrs of chemical pump
assemblies 18 share a pump housing 166 (e.g., a two-piece shell). It should be appreciated that

each chemical pump assembly may have its own pump housing. Each chemical pump assembly
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18 includes a chemical pump 174 that, as iHustrated, takes the form of a piston pump. The chemical
pump 174 can take other forms, such a lobe pump, an internal gear pump, or another type of pump

that can deliver a chemical concentrate to the mix chamber 16

{00105] With reference to FIGS. 2, 5, and 14A-18, each chemical pump assembly 18 includes a
chemical piston 178 that is defined by a first piston head 180 on one end and a second piston head
182 on the oppostte end, and a piston rod 184 that mterconnects the first and second piston heads
180, 182. The chemical pump assembly 18 also includes a first sleeve 185 that defines a first
chemical pump chamber 186 and that houses the first piston head 180, and a second sleeve 188
that defines a second chemical pump chamber 190 and that houses the second piston head 182,
The first chemical pump chamber 186 1s fluidly connected to a first chemical imlet 192 and a first
chemical outlet 194, and the second chemical pump chamber 190 is fluidly connected to a second
chemical inlet 196 and a second chemical outlet 198. The inlets 192, 196 and the outlets 194, 198
extend through the pump housing 166. The dual mlets 192, 196 and the dual outlets 194, 198,
along with the piston heads 180, 182 and the corresponding chambers 186, 190, cooperate to define
a reciprocating, dual-action piston pump that dispenses chemical based on motion of the piston n
each direction. Fach piston head 180, 182 carries a seal to prevent leakage of chemical concentrate

behind the respective piston heads 180, 182, In some embodiments, one or more of the

[00106] The piston rod 184 includes a hole 199 that connects the chemical piston 178 to a
chemical drive assembly 200 to enable reciprocal movement of the chemical piston 178 such that
each piston head 180, 182 moves a between a first or ntake position (referred to herein as a
“chemical intake position” for purposes of clarity} and a second or discharge position (referred to
herein as a “chemical discharge position” for purposes of clarity). The chemical intake position
corresponds to the state of the piston head 180 or the piston head 182 where chemical concentrate
has been fully drawn into the chemical pump chamber 186, 190 associated with the piston head
that s in the chemical intake position {e.g., the piston head 180 13 1n the chemical intake position
m FIG. 15). The chemical discharge posttion corresponds to the state of the piston head 180 or the
piston head 182 where chemical concentrate has been fully discharged from the chemical pump

chamber 186, 190 associated with the piston head that 15 1n the chemical discharge position.

{06167] Movement of the piston head 180 or the piston head 182 from the chemucal intake
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position to the chemical discharge position discharges chemical concentrate from the associated
chemical pump chamber 186, 190, and movement of the chemical piston head 180 or the chemical
piston head 182 from the chemical discharge position to the chemical intake position draws
chemical concentrate into the associated chemical pump chamber 186, 190, It will be appreciated
that when one piston head is in the chemical intake position, the other piston head 1s in the chemical
discharge position, and that each piston head 180, 182 will be in complementary positions when
the chemical piston 178 is reciprocated. As illustrated, the piston rod 184 has two holes 199, one
of which 1s connected to the chemical drive assembly 200. In some embodiments, one or more of
the chenucal pump assemblies 18 may be selectively engaged or disengaged relative to the drive
mechanism 19 {e.g., by disconnecting part of the drive assembly 200 between the drive mechanism

19 and the chemical pump assembly 18).

{00108] The chemical drive assembly 200 is the same for each chemical pump assembly 18
With reference to FIGS. 14A-14E, the chemical drive assembly 200 includes a connecting rod 204,
a crank gear 208, a chemical driven gear 212, and a drive gear mechamism 216. The connecting
rod 204 has a protrusion 220 to pin the connecting rod 204 to the piston rod 184, and a hole 224
on the opposite end of the connecting rod 204 that receives a pin 224 and the crank gear 208. The
crank gear 208 is meshed with the driven gear 212 {e.g., via teeth on each of the crank gear 208
and the driven gear 212). The driven gear 212 is pinned to a sidewall of the pump housing 166,
and 1s meshed (e.g., via teeth) with the drive gear mechanism 216. The drive gear mechanism 216
mcludes a drive gear 228 and a transter gear 232. The drive gear 228 has a shaft 236 that extends
through the sidewall of the housing 166, and the transfer gear 232 1s keved to the shaft 236, As
ilustrated, the transfer gear 232 has teeth that mesh with the driven gear 212. It will be appreciated
that the gears may be operatively connected or meshed with each other in ways other than via
teeth. Also, the gears 208, 212, 228, 232 are sized relative to each other {1.e. the gears 208, 212,
228, 232 have respective gear ratios) to drive the chemical piston heads 180, 182 between the
chemical mntake positions and the chemical discharge positions. Furthermore, as explamed 1in more
detail below, the gear ratios are selected to work in tandem or cooperation with the drive
mechanism 19 so that diluent and chemical concentrate reach the mix chamber 16 at the same time

and in the desired proportions.

{06109} The chemical drive assemblies 200 are operatively coupled to the drive mechanism 19
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so that one or more of the chemical pumps 174 deliver a predetermined amount of chemical
concentrate to the mix chamber 16 m sequence with delivery of a predetermined amount of diluent
from the diluent pump 17. With reference to FIGS. 1, 2, and 6-8, the drive mechanism 19 has
parallel drive assemblies 240a, 240b that are positioned on opposite, lateral sides of the framework
34 and that cooperate to drive the diluent pump 17 and the chemical pump assemblies 18. The
drive assemblies 240a, b are the same, and features of each drive assembly 240a, 240b will be

annotated with the character ‘a’ and “b’, respectively for ease in understanding the system.

{00118] With reference to FIGS. 1-4, 14B, 14C, 15 and 19, the drive assemblies 240a, 240b
respectively include a valve crank gear 244a, 244b, a primary crank arm 248a, 248b, and secondary
crank arms 252a, 252b. FIGS. 6-8 and 11 show that valve crank gear 244a has a body that carries
a seal 256a, and a central aperture 260a through which the fastener 158a extends to secure the
valve crank gear 244a to the intake valve 110a via the fastener post 146a. The valve crank gear
244a also has alignment recesses or pockets 204a diametrically opposite each other that align and
mate with the alignment posts 150a to secure the valve crank gear 244a to the intake valve 110a
in a rotationally fixed manner. Similarly, the valve crank gear 244b has a body that carries a seal
256b, and a central aperture 260b through which the fastener 158b extends to secure the valve
crank gear 244b to the discharge valve 110b via the fastener post 146b. The valve crank gear 244b
also has alignment recesses or pockets 264b diametrically opposite each other that align and mate
with the alignment posts 150b to secure the valve crank gear 244b to the discharge valve 110b in
a rotationally fixed manner. It should be understood that ‘rotationally fixed’ means that the
dependent or complementary rotation of the intake valve 1103 and the discharge valve 110b
transfers to the valve crank gears 244a, 244b that are attached to the lateral or outer extents of the
valve mechanism 64. In other words, the valve crank gears 244a, 244b rotate with the valve

mechanism 64.

{06111] FEach valve crank gear 244a, 244b also includes a pin 268a, 268b that extends outward
from the valve crank gear 244a, 244b opposite the side of the valve crank gear 244a, 244b that 15
connected to the valve mechanism 64, The pin 268a, 268b 1s located on adjacent the perimeter of
the valve crank gear 244a, 244b (1.e. at a radial extent of the crank valve gear 244a, 244b). The
primary crank arm 248a, 248b has a central hole 2722, 272b that attaches to the pin 268a, 268b so

that rotation of the valve crank gear 244a, 244b transfers to movement of the primary crank arm

17



WO 2021/021945 PCT/US2020/044090

248&a, 248b about the axis A. As illustrated, the primary crank arm 248a, 248b 1s snapped onto the

pin 268a, 268b, although other connections are considered herein.

{06112] FIGS. 1, 2, 3A, 4, each primary crank arm 248a, 248b includes a plurality of crank pins
276a, 276b that are positioned adjacent a perimeter of the primary crank arm 248a, 248b {ie.
positioned at a radial extent on the crank arm 248a, 248b). As illustrated, each primary crank arm
248a, 248b has two crank pins 276a, 276b that are spaced apart from each other at a2 120° angle
having a center on the central hole 272a, 272b. In some embodiments, each primary crank arm
248a, 248b may have fewer or more than two crank pins 276a, 276b {generally corresponding to

the quantity of secondary crank arms 252a, 252b included in the drive mechanism 19},

{00113] Each of the primary crank arms 248a, 248b and the secondary crank arms 2523, 252b
are defined by elongated rods with distal ends that have piston arm holes 280a, 280b. The piston
arm holes 280a, 280b connect the crank arms 248a, 248b, 252a, 252b to the respective arms 68 on
the diluent pistons 62 (e.g., the crank arms 248a, 248b, 252a, 252b snap onto the arms 68). As
illustrated, the primary crank arms 248a, 248b connect to the same diluent piston 62 on the opposite
arms 68 of that piston 62. In addition, the secondary crank arm pairs {1.e. the secondary crank arms
252a, 252b that are parallel to each other) connect to the same diluent pistons 02 i the same

manmner.

{00114] The pinned connection of the primary crank arms 248a, 248b to the valve crank gear
244a, 244b, and the pmned connections of the secondary crank arms 252a, 252b to the primary
crank arm 248a, 248b define slider crank mechanisms or similar mechanical linkages that transfer
linear or reciprocal movement of the diluent pistons 62 within the housings 46 to rotation of the
valve mechanism 64. The connections of the secondary crank arms 252a, 252b to the primary
crank arms 248a, 248b define a diluent pump 17 with pump chambers 78 that are phased or out-
of-sync with each other. For example, the Figures show that the dosing engine 10 has three diluent
pump chambers 78 and three parallel crank arm pairs. This means that the diluent pistons 62 are
1/3" out-of-phase or out-of-sync such that, when one piston 62 is in the diluent intake position,
another piston 62 will be in the diluent discharge position, and the third piston 62 will be in a
position between the diluent intake position and the diluent discharge position. It will be

appreciated that the dosing engine 10 may mclude more than three diluent pistons 62 n respective
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housings 46, and the sequencing or out-of-phase relationship of the diluent pistons 62 will be
driven by the quantity of diluent pistons 62. Also, while the drive mechanism 19 and the chemical
drive assembly 200 are described separately, it will be apparent from the exemplary dosing system
described relative to Figs. 1-19 that the drive mechanism 19 inherently drives the chemical pumps
174. As such, the chemical drive assembly 200 can be subsumed in or part of the drive mechanism

19 in some embodiments.

{00115] To assemble the dosing engine 10, the intake valve 110a s inserted into the intake
chamber section 52 and discharge valve 110b is inserted into the discharge intake section 54 so
that the second sides 126a, 126b, as well as the shelves 138a, 138b, are onented to engage and
mate with each other. Next, the valve crank gear 244a (with the seal 256a} 15 positioned on the
mtake side of the valve mechanism 64 and is attached to the intake valve 110a by aligning the
alignment pockets 264a with the alignment posts 150a and securing the valve crank gear 244a to
the intake valve 110a via the fastener 158a. The valve crank gear 244b (with the seal 256b) is
positioned on the discharge side of the valve mechanmisin 64 and 15 attached to the discharge valve
110b by aligning the alignment pockets 264b with the alignment posts 150b and securing the valve
crank gear 244b to the discharge valve 110b via the fastener 158b. The pistons 62 are positioned
in the framework 34 so that the arms 68 are disposed 10 the slots 60. The primary crank armos 248a,
248b are attached to {e.g., snapped onto) the respective valve crank gears 244a, 244b and onto the
arms 68 of one of the pistons 62. The secondary crank arms 252a, 252b are then attached to (e.g.,

snapped onto) the primary crank arms 248a, 248b and to the arms 68 of the remaining pistons 62,

{00116] Fach chemical pump assembly 18 is assembled by inserting the chemical piston 178
into the housing 166 s0 that the piston heads 180, 182 are disposed in the respective sleeves 1885,
188. The connecting rod 204 1s attached to the piston rod 184, and then to the crank gear 208 that
15 attached to the sidewall of the housing 166. The driven gear 212 is attached to the post on the
sidewall of the housing 166 and is meshed with the crank gear 208, The shaft 236 of the drive gear
228 15 mserted through the housing 166, and the transter gear 232 1s keyed to the shaft 236 and
meshed with the driven gear 212, Each chemical pump assembly 18 1s attached to the framework

34 s0 that the drive gear 228 meshes with the corresponding valve crank gear 244a, 244b.

[06117] In general, the order of assembly for the components of the dosing engine 10 can vary,

19



WO 2021/021945 PCT/US2020/044090

with the main exception being that the valve mechanism 64 must be instalied in the central chamber

44 betore the drive mechanism 19 s assembled.

{06118] In operation, and with reference to the Figures {and particularly FIGS. 16-18), the
dosing engine 10 self-primes the pistons 62 when water flows through the inlet 38 and the intake
valve 110a, and into at least one of the pump chambers 78. Stated another way, diluent entering
the system defines the motive force for the dosing engine 10 and drives movement of the pistons
62, which in turn rotates the valve mechanism 64 and drives the chemical pump assemblies 18. A
pressure differential that is generated between the inlet 38 and the outlet 42 cause the pistons 62
to reciprocate within the housings 46, which in turn rotate the valve mechanism 64. When a piston
62 moves toward the diluent intake position (see FIG. 16, upper left piston 62), the piston head 66
draws diluent into the diluent pump chamber 78. When the piston 62 is in the diluent intake
position, the volume of the diluent pump chamber 78 defines the amount of diluent to be dispensed
to the mix chamber 16 via subsequent movement of the piston toward (and to) the diluent discharge
position. Movement toward the diluent discharge position dispenses (1.e. pushes) diluent through
the pump chamber outlet 82, into the discharge chamber 162, and through the outlet 42 for mixing

with chemical concentrate in the mix chamber 16,

{00119} Incorporation of three or more pistons 62 in the dosing engine 10 means that the valve
mechanism 64 15 never at a “dead’ or moperable state. The valve mechanism 64 rotates within the
central chamber 44 to selectively permit and selectively prevent fluid communication between the
diluent pump chambers 78 and the intake chamber 160 and the discharge chamber 162, The intake
valve 110a and the discharge valve 110b are 180° out-of-phase such that only the pump chamber
inlet 80 or the pump chamber outlet 82, and not both, 15 1n fluid communication with the intake
chamber 160 or the discharge chamber 162, Stated another way, the valve bodies 114a, 114b

sequentially blocks or unblocks flow of dituent through the inlet 80 and the outlet 82,

[00126] More specifically, when the piston 62 moves toward the diluent intake position, the
intake valve 110a is 1n a rotational position in which the body 114a permuts flow of diluent from
the intake chamber 160 through the pump chamber inlet 80 into the diluent pump chamber 78
associated with the piston 62 because the outer surface 134a 15 not engaged with the section of the

wall 50 i the area of the pump chamber inlet 80, At the same time, the discharge valve s ma
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rotational position in which the body 114b blocks flow of fluid from the diluent pump chamber 78
through the pump chamber outlet 82 via engagement of the outer surface 134b with the wall 50 in
the area of the outlet 82. When the piston 62 moves toward the diluent discharge position, the
ntake valve 110a is in a rotational position in which the body 114a blocks flow of fluid from the
mtake chamber 160 through the pump chamber outlet 82 associated with the piston 62 because the
outer surface 134a is engaged with the wall 50 in the area of the pump chamber outlet 82. At the
same time, the discharge valve 110b is in a rotational position in which the body 114b does not
block the pump chamber outlet 82, so diluent flows into the discharge chamber 162 as the piston

62 moves toward the diluent discharge position.

{00121} The drive mechanism 19 sequences the hinear or reciprocal movement of the diluent
pistons 62 so that diluent is constantly being taken into at least one pump chamber 78 and being
dispensed from another pump chamber 78. The drive assemblies 240a, 240b move with the valve
mechamsm 64 to drive the pistons 62 to and between the intake and discharge positions as
described above. FIG. 43 A illustrates the relative positions of a three-piston system consistent with
what 1s described relative to FIGS. 1-19, and shows that at no point 1s the system in a “dead’-state
where fluid 1s not entering or leaving the system. FIG. 43B dlustrates the flow associated with the
angular positions of the pistons. FIG. 43C lustrates the torque associated with each piston relative

to the position of the piston.

{00122] The drive assemblies 240a, 240b also sequentially drive the chemical pumps 174 via
the operative connection to the chemical drive assemblies 200 to draw in a desired or
predetermined amount of chenucal concentrate from the chemical reservoir(s) 14 and to dispense
the chemical concentrate through the chemical outlets 196, 198 to the mix chamber 16. Rotation
of the valve crank gears 244a, 244b drives gear mechanisrm 216a, 216b, which in turn transfers
rotation to the crank gear 208, Rotation of the crank gear 208 transfers to the connecting rod 204,

which reciprocates the chemical pistons 178,

[00123] Due to plural nlets 192, 194 and plural outlets 196, 198, and the corresponding pump
chambers 186, 190 on opposite sides of each chemical pump 174, chemical concentrate can be
dispensed on each half stroke of the chemical piston 178, It will be appreciated that check valves

or other suitable components are in communication with the mlets 192, 194 and the outlets 196,
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198 to prevent back-flow of chemical concentrate. Because the connecting rods 204 for each
chemical pump pair 15 attached to opposite piston heads 180, 182 (1.e. the connecting rod for one
of the chemical pumps 174 in the pair is connected to the piston head 180 and the connecting rod
for the other chemical pump 174 in the pair 1s connected to the piston head 182}, reciprocation of
the chemical pistons 178 is out of phase with one another. Accordingly, when the first piston 178
1s in the chemical intake position, the second piston 178 is in the chemical discharge position, and
vice versa. Accordingly, chemical concentrate is constantly being moved into and out of the
chemical pump assemblies 18. This increases the capacity of the system because as one of the
pump chambers 186, 190 loads with chemical concentrate, the other of the pump chambers 190,

186 unloads or dispenses chemical concentrate.

{00124] Fach chemical pump 174 1s connected to a source of chemical concentrate (e g., the
chemical reservoirs 14). In some embodiments, two or more of the chemical pumps 174 can be
fluidly coupled to the same chemical concentrate {e.g., to dispense larger quantities of chenucal
concentrate to the mix chamber 16). Likewise, each chemical pump 174 can be fluidly coupled to
different chernical concentrates {e.g., to increase the number of chemical selections available for
nuxing). In the context of a dosing engine 10 that has chemical pumps 174 connected to different
sources of chemical concentrate, the chemical pump assembly {or assemblies) 18 associated with
the desired or selected chemical concentrate are operatively engaged by the drive mechanism 19
and the associated chemical drive assembly 200, The remaining chenucal pump assembly{ies) 18
are disengaged from the drive mechanism 19 and/or the chemical drive assembly 200 so that a
different chemical concentrate 1s not also dispensed to the mix chamber 16 at the same time as the
desired chemical concentrate. In circumstances where 1t 15 desired for multiple chemical
concentrates to be mixed with difuent in the mix chamber 16, the chemical pump assemblies 18

associated with the different chemical concentrates can be engaged at the same time.

[00125] Accordingly, during operation of the dosing engine 10, diluent and chemical concentrate
can be constantly pumped to the mix chamber 16 1n volumetric proportions that correspond to the
desired concentration of the dilution formed in the mix chamber 16. The system is closed, so there
13 no or minimized exposure to air. This means there are very few scaling problems. In addition,
the dosing engine 10 works well at low pressure {e.g., less than 7psi) so that the desired ditution

ratio of diluent and chemical concentrate can be achieved — in a proportional manner — under any
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load condition. Concerns about “dirty’ hines in the system are eliminated due to the separate
dispensing outlets for diluent and chemical concentrate. The dosing engine 10 1s water-driven, so
power produced by the engine 10 may be drawn off to power the engine 10 itself, and/or other
features {e.g., ‘smart’ or Internet-enabled features). Although the system has been described and
illustrated with three housings 46 and corresponding pistons 62, it will be appreciated that
additional housings 46 and pistons 62 (e.g., five housings 46 and pistons 62, ten housings 46 and

pistons 62, etc.) may make actuation of the dosing engine 10 smoother.

{00126] In the illustrated embodiment, there are two chemical pump assemblies 18 that are
coupled to and in fluid communication with chemical reservoirs 14 containing different chemicals.
In the illustrated embodiment, only one of the chemical pump assemblies 18 is active at a time,
but 1in additional or alternative embodiments, two or more chemucal pump assemblies 18 may be

active at the same time.

{00127}  As a result of the interaction among the fluid pump 17, the chemical pump assemblies
18, and the drive mechanism 19, the rotary dosing engine 10 allows diluent fluid and chemical to
be simultanecusly and continuously pumped from the respective sources to the mix chamber 16.
Measurement of the diluent fluid and the chenical flow rates can be easily determined by
monitoring the turns of the valve assembly as well, either mechanically (e g, with a tachometer or

odometer/counter) or electrically (e g., with a hall probe}.

{00128] FIGS. 20-44C illustrate another exemplary dosing system that includes a dosing engine
300 (e.g., a rotary dosing engine or rotary dispenser) that can be coupled to a diluent source. As
illustrated, the dosing engine 300 has a five-cylinder arrangement. It will be appreciated that some
or all of the features of the dosing engine 10 can be included in or combinable with the dosing

engine 300 (e.g., chemical pump assernblies, chemical drive assemblies, etc.).

{00129] With reference to FIGS. 20-22, the dosing engine 300 includes a diluent pump 304 and
a drive mechanism 305. FIGS 20-22, 33, 34A, and 36A show that the diluent pump 304 has a
framework 306 with an inlet 312, an outlet 316, an inlet-side chamber 320, an outlet-side chamber
324, and housings 328. The mlet 312 1s fluidly coupled to a diluent source (e.g., via piping, conduit,
or hoses) and connects the diluent source (e.g., diluent source 12} to the inlet-side chamber 320.

The outlet 316 fluidly connects the outlet-side chamber 324 to a mix chamber (e.g., the nux
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chamber 16). As best shown in FIGS. 34A and 36A, the framework 306 has a central opening 322
defined by a wall 336, and each of the inlet-side chamber 320 and the outlet-side chamber 324 has
flow channels 340a, 340b and alignment projections 344a, 344b. The flow channels 340z are
arranged in the inlet-side chamber 320 equidistant from the center of the framework 306 and
equidistant from each other, and the flow channels 340a provide fluid communication between the
mnlet-side chamber 320 and corresponding housings 328 The flow channels 340b are arranged
equidistant from the center of the framework 306 in the outlet-side chamber 324 and equidistant
from each other, and the flow channels 340b provide fluid communication between the housings
328 and the outlet-side chamber 324, The alignment projections 344b are disposed between the
flow channels 340b. The framework 306 also includes housing mounts 348 that are positioned
between at least some of the housings 328 so that one or more chemucal pump assemblies (e.g.,
chemical pump assemblies 18) can be connected to the framework 306. In addition or alternatively,

the housing mounts 348 may be used to mount the framework 306 on other structure.

[801308] The dlustrated framework 306 has five housmgs 328 that are angularly spaced
equidistant from each other around the inlet-side chamber 320 and the outlet-side chamber 324
that are located at a central portion of the framework 306, As shown in FIG. 41, the housings 328
support fluid drivers 352 (e.g., tllustrated as pistons). The illustrated housings 328 are cyhindnical,
but 1t will be appreciated that the housings 328 can have other shapes (e.g., oblong, polygonal,
elliptical, etc.). As shown in FIGS. 3A, 38B, 39, and 40, each housing 328 has an opening 356 that
15 1 commumication with either the mlet-side chamber 320 or the outlet-side chamber 324 based
on the state of the dosing engime 300 (1.e. based on the position of the piston 352 i the housing
328 and the direction of travel for the piston 352). One diluent piston 352 15 disposed in a
corresponding housing 328, and each housing-piston combmation defines a piston-cylinder
arrangement. It will be appreciated that the term ‘piston-cylinder’ encompasses more than a
cylindrical housing 328, and that the shape of the housing 328 and the piston head can have shapes
other than cylindrical {e.g., oblong, polygonal, elliptical, ete.}. In addition, each piston 352 defines
an exemplary pump mechanism of the dosing engine 300 that 1s supported by the framework 306
and that pumps thud from the inlet 312 toward the outlet 316 n a coordinated manner with the
other pump mechanisms. For purposes of the description and the claims, the terms “fhud driver’
or “diluent driver’ shall be construed broadly as a pump mechanism that can include the piston

352, or another mechanism that is designed to pump a fluid.
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{06131] As best shown in FIG. 21, each housing 328 also has slots 358 that extend from a distal
end of the housing 328 axially inward along a piston axis (1.e. the slots 358 extend radially on the
framework 300). With reference to FIG. 27, each piston 352 has a body 363 that defines arms 365,

a piston head 367 that is supported on an end of the body 363 opposite the arms 365 (e.g., coupled

to the end of the body 363 or defined on the end of the body 363), and a seal 369 that 1s coupled
to the piston head 367. The piston head 367 15 generally shaped consistent with the shape of the
housing 328 and has an annular channel that carries the seal 369. The illustrated seal 369 1s a lip
seal that is generally used where there is unidirectional pressure, as is the case with fluid acting
on, or being acted on by, the pistons 352, It will be appreciated that other types of seals (e.g., an
O-ring) are possible and considered herein. The seal 369 also may be a low friction seal. When the

piston 352 1s coupled to the framework 306, the space or area between the piston head 367 and the

housing 328 define a pump chamber 372 where fluid can enter and leave via the opening 356,

[00132] With reference to FIGK. 20-21, and 27, the arms 365 extend laterally outward from the
body 363 and extend through the slots 358 when the piston 352 is positioned n the housing 328
to connect to the drive mechanism 305 (e.g., via fasteners 375). It will be appreciated that the arms
365 may be operatively coupled to the drive mechanism 305 in other ways. Furthermore, it will be

appreciated that the pistons 352 can be replaced by sumular structure (e.g., bellows, etc.).

[00133] With reference to FIGS. 21-23 the drive mechanism 305 includes parallel inlet and
outlet subassemblies 303a, 305b that are positioned on opposite, lateral sides of the framework
306 and that cooperate to drive the diluent puraop 304 (and, in some embodiments, any chemical
pump assemblies, such as an assembly 18, that are coupled to the drive mechanism 305). Each
assembly 305a, 305b has a valve crank gear 380 (labeled 3804, 380b in some Figures to distinguish
the parallel components) and a crank arm assembly or drive assembly 440a, 440b. Each valve
crank gear 380 is positioned on the centerline of the framework 306 and includes gear teeth that
can engage other features of a dosing engine 300 {e.g., a chemical drive assembly operably
connected to a chemical pump assembly). The valve crank gear 380 also includes a bearing or gear
pin 388 that protrudes outward from the outer side of the valve crank gear 380 and that s offset
from the center of the valve crank gear 380. FIG. 24 illustrates an interior-facing side of the valve
crank gear 380, which mcludes a pump assembly attachment feature that 1s defined by a central

protrusion 392, a shaft key 394, and pockets 396.
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{06134] Asshownin FIGS. 23-24, each drive assembly 384a, 384b has a primary crank arm 400,
and secondary crank arms 404. The primary crank arm 400 has a base or first end 432 that is
rotatably connected to the gear pin 388 (e.g., via a fastener 375), and a second end 412 that is
connected to one of the arms 365 The secondary crank arms 404 are rotatably attached to the first
end 432 of the primary crank arm 472 via bearings 416 on the primary crank arm 400, and fasteners
{e.z., snap fasteners 375). The secondary crank arms 404 extend toward and connect to respective
arms 365 of the remaining pistons 352. The pinned connections of the secondary crank arms 404
to the primary crank arm 400 define slider crank mechanisms or similar mechanical linkages that
transter linear or reciprocal movement of the pistons 352 within the housings 328 to rotational

movement of the diluent pump 304,

{00135] With reference to FIGS. 22, 29, and 30, the diluent pump 304 has an mnlet flow control
device 420 (e g., llustrated as a valve assembly or a valve mechanism 420) that 1s positioned on
the mnlet side of the framework 306, and an outlet flow control device 424 (e.g., illustrated as a
valve assembly or a valve mechanism 424) that 13 positioned on the outlet side of the framework
306. For purposes of the description, the terms “valve assembly” and ‘valve mechanism’ are used
herein as examples of a flow control device. The inlet valve assembly 420 and the outlet valve
asserobly 424 are mterconnected such that the two assemblies 420, 424 rotate together during
operation. As shown in FIGS. 29-31, 35, 368, and 37A-37G, the inlet valve assembly 420 includes
a bore seal 428, a lift cam 432, mlet valve poppets 436, an nlet pressure cam 440, an inlet shaft
444, and a seal plate 452. As shown in FIGS. 29, 30, 32-34, and 37H-37M, the outlet valve
assernbly 424 mcludes outlet valve poppets 456, an outlet pressure cam 460, an outlet shaft 464,

and a seal plate 408.

[00136] With reference to FIGK. 28, 29, and 37A, the bore seal 428 1s disposed in a center bore
472 1 the mlet-side chamber 320 and 1s annular in shape to receive the mnlet shatt 444, The bore
seal 428 15 coupled to the inlet shaft 444 to seal the mlet valve assembly 420 relative to the
framework 306. FIGS. 29, 31, 36, and 37A-37C show that the Iift cam 432 15 disposed m the inlet-
side chamber 320 on the exterior side of the bore seal 428 and is annular so that the mnlet shaft 444
can extend through the hift cam 432 On the exterior side, the lift cam 432 has a base section 476
and a fift cam ledge 480 that 13 connected to the base section 476 by a first cam slope 484 and a

second cam slope 488. The hift cam ledge 480 and the first and second cam slopes 484, 488 extend
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partially around the hift cam 432 and are engageable with an underside of the valve poppets 436 to
bias or move the valve poppets 436 to the open position during rotation of the pump 304, Referring
to FIGS. 378 and 37C, the lift cam 432 has a slot or notch 492 that 1s engageable by the inlet

pressure cam 440 to maintain cooperative fixed rotation as explained in detail below.

{06137}  As best shown in FIGS. 36A and 37A-37B, each valve poppet 436 inchudes a stem 496
and a poppet head 500, The stem 496 extends into the flow channels 340a in the framework 306,
and the poppet head 500 1s disposed in the inlet-side chamber 320. A poppet seal 502 (e.g., an O-
ring} 1s positioned underneath the poppet head 500 to seal the flow channel 340a from the inlet-
side chamber 320 when the valve poppet 430 1s 1n the closed position. The valve poppets 436 can
be formed from material that is wear resistant or durable (e.g., durable nylon}, or other suitable

material.

{00138] With reference to FIGS. 36B, 37A, 37B, each valve poppet 436 also includes lateral
projections 504 and a center projection 508 that extend radially from the poppet head 300. The
lateral projections 504 engage the alignment projections 344a that extend from the framework 306
mto the inlet-side chamber 320 to limut or prevent rotation of the valve poppet 436 during
movement of the valve poppet 436 between the closed and open positions. The center projection
508 is engageable by the lift cam 432 to 1ift the valve poppets 436 to the open position. In some
constructions, the valve poppets 436 can be additionally biased to the open position by springs 512
{see FIG. 37B) that engage a distal end of the valve poppets 436 that 1s disposed 10 the flow

channels 340a.

(60139] FIGS. 28, 29, 31, 35, and 37A, 378, 37D, 37E show that the inlet pressure cam 440 is
disposed in the inlet-side chamber 320 on the exterior side of the Lift cam 432 and 1s annular so
that the inlet shaft 444 can extend through the inlet pressure cam 440. The inlet pressure cam 440
has a base section 516 and a pressure cam ledge 520 that is connected to the base section 516 by a
first cam slope 524 and a second cam slope 328, The inlet pressure cam 440 also has a key 532
that extends outward from adjacent the inner wall of the inlet pressure cam 440. The key 532 15
engageable with the notch 492 to maintain fixed rotation between the lift cam 432 and the nlet
pressure cam 440. The pressure cam ledge 520 and the first and second cam slopes 524, 528 extend

partially around the inlet pressure cam 446G and are engageable with the upper side of the poppet
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heads 500 to bias or move the valve poppets 436 to the closed position during rotation of the pump
304 The base section 476, the lift cam ledge 480, the first cam slope 484, and the second cam
slope 488 cooperate with the base section 516, the pressure cam ledge 520 the first cam slope 524,
and the second cam slope 528 to define a path for the poppet heads 500 during rotation of the
diluent pump 304, Referring to FIGS. 33 and 37E, the inlet pressure cam 440 has a slot or notc

536 that 1s engageable by the inlet shaft 444 to maintain cooperative fixed rotation between the

shaft 444 and the inlet pressure cam 440.

{00148] As best seen in FIGS. 28, 29, 31, 37A, 37B, and 37F-37(, the inlet shaft 444 includes
an elongated body with an inner end 540 and an outer end 544, and a cam plate 548 that is disposed
between the ends 540, 544 The inner end 540 1s shaped to mate with the outlet shaft 464 so that
both shafts 464 rotate in unison. As illustrated in FIG. 37F, the inner end 540 has two spaced
fingers 552 and a tab 556, and the cam plate 548 has a key 560 on the side facing the inner end
540. The key 560 engages the notch 536 1n the inlet pressure cam 440 to fix rotation between the
inlet shaft 444 and the nlet pressure cam 440. It will be appreciated that the mner end 540 can

have other features that facilitate interlock with the outlet shaft 464,

{00141] With reference to FIGS. 24, 29 31, 37A, 378, and 37G, the outer end 544 has shaft
extensions 564 that are spaced annularly around the periphery of the inlet shaft 444 and that engage
the pockets 396. The shaft key 394 extending from the valve crank gear 380a 1s engaged with a
slot 568 in the outer end 544 between the shaft extensions 564. The illustrated outer end 544 has
three extensions 564, but it will be appreciated that the outer end 544 can have one, two, or more
than three extensions 564 to fix rotation between the valve crank gear 380a and the nlet shaft 444,
The inlet shaft 444 also has an aperture 572 that receives a fastener 576 to secure the valve crank

gear 380a to the inlet shaft 444

[00142] With reference to FIGS. 2% and 31, a bearing or wear plate 580 i1s supported on the outer
side of the mlet pressure cam 440, The wear plate 580 surrounds the cam plate 548 and a portion
of the outer end 544. A shaft seal S84 1s coupled to the outer end 544 to seal the mterior parts of
the inlet valve assembly 420. A seal 588 (e g., an O-ring) 15 coupled to a seal shelf 392 that is

defined on the outer periphery of the wear plate 580.
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{06143] FIG. 29 shows that the seal plate 452 15 sandwiched between the valve crank gear 3803
and the inlet shaft 444 The seal plate 452 includes an inner annular neck 596 that is engageable
with the cam plate 548, and an outer annular neck 600 that supports a seal 604 and that engages
an inner wall 526 of the mlet-side chamber 320. As best shown in FIG. 23, the seal plate 452 15
secured to the framework 306 by fasteners 608 such that the seal plate 452 does not rotate with the

valve crank gear 3803 or the mlet valve assembly 420

{00144] With reference to FIGS. 29, 34B, and 37H, the illustrated outlet-side valve poppets 456
are the same as the inlet-side valve poppets 436 and each valve poppet 456 includes the stem 496
and the poppet head 500. In some constructions, the outlet-side valve poppets 456 may not have
the center projection S08 because a lift cam is not needed to move the outlet valve poppets 456 to
the open position. Instead, fluid flow toward the outlet 316 may be sufficient to move the valve
poppets 456 to the open position. A poppet seal 502 (e g., an O-ring)} 1s positioned underneath each
poppet head 500 to seal the flow channel 340b from the outlet-side chamber 324 when the valve
poppet 456 1s m the closed position. The valve poppets 456 can be formed from material that is

wear resistant or durable (e.g., durable nylon), or other suitable matenial

[00145] FIGS. 29 and 33 show that the outlet pressure cam 460 1s disposed in the outlet-side
chamber 324 and is annular so that the outlet shaft 464 can extend through the outlet pressure cam
460. As shown m FIGS. 28, 37], and 37K, the outlet pressure cam 460 has a base section 612 and
a pressure cam ledge 616 that 13 connected to the base section 612 by a first cam slope 620 and a
second cam slope 624, The dlustrated nlet pressure cam 460 also has a key 628 that extends
outward from adjacent the 1nner wall of the outlet pressure cam 460. The key 628 rotates about an
exterior of the wall 336 defining the opening 322 for the shafts 444, 464, The pressure cam ledge
616 and the first and second cam slopes 620, 624 extend partially around the outlet pressure cam
460 and are engageable with the upper side of the poppet heads 500 to bias or move the valve
poppets 456 1o the closed position during rotation of the pump 304. In the closed position, the
valve poppets 436 rest or are coupled to an mner wall 630 of the outlet-side chamber 324, The
muer wall 630 cooperates with the base section 612, the pressure cam ledge 616 the first cam slope
620, and the second cam slope 624 to define a path for the poppet heads 500 on the outlet side

during rotation of the diluent pump 304, Referring to FIG. 37K, the outlet pressure cam 460 has a
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stot or notch 632 that is engageable by the cutlet shatt 464 to maintain cooperative fixed rotation

between the shaft 464 and the outlet pressure cam 460,

{06146] As best seen in FIGS. 28, 29, 37H, 371, and 37M, the cutlet shaft 464 includes an
elongated body with an inner end 636 and an outer end 640, and a cam plate 644 that is disposed
between the ends 636, 640. Consistent with what 13 explained above with regard to the inlet shaft
444 the mner end 636 1s shaped to mate with the outlet shaft 464 so that both shafts 444, 464
rotate in unison. As illustrated in FIG. 371, 37M, the inner end 636 has two spaced fingers 648
and a tab 652, and the cam plate 644 has a key 656 on the side facing the inner end 636. The fingers
648 are engaged with the inlet shaft 444 in the space between the fingers 552, and the fingers 552
are engaged with the outlet shaft 464 in the space between the fingers 648, It will be appreciated
that the inner end 636 can have other features that facilitate interlock with the inlet shaft 444 The
key 656 engages the notch 632 1n the outlet pressure cam 460 to fix rotation between the outlet

shaft 464 and the outlet pressure cam 460,

{00147] With reference to FIGS. 370 and 37M, the outer end 640 has shaft extensions 660 that
are spaced annularly around the periphery of the outlet shaft 464 and that are engageable with the
pockets 396 in the valve crank gear 380b. The shaft key 394 extending from the valve crank gear
380b 15 engaged with a slot 664 in the outer end 640 between the shaft extensions 660. The
illustrated outer end 640 has three extensions 660, but it will be appreciated that the outer end 640
can have one, two, or more than three extensions 660 to fix rotation between the valve crank gear
380b and the outlet shaft 464. The outlet shaft 464 also has an aperture 668 that receives a fastener
576 to secure the valve crank gear 380b to the outlet shaft 464, The valve crank gear 380b 1s the
same as the valve crank gear 380a. As such, the outer end 640 and the valve crank gear 380b are
engageable with and secured relative to each other in the same way that the outer end 544 of the

inlet shaft 444 and the valve crank gear 380a are engaged with and secured relative to each other.

[60148] With reference to FIG. 29, a bearing or wear plate 672 1s supported on the outer side of
the outlet pressure cam 460. The wear plate 672 1s the same as the wear plate 580 and surrounds
the cam plate 644 and a portion of the outer end 640. A shaft seal or ring 676 s coupled to the
outer end 640 to seal the mterior parts of the outlet valve assembly 424, A seal 680 {e.g., an O-

ring} 15 coupled to a seal shelf 684 that 1s defined on the outer periphery of the wear plate 672
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{80149] FIG. 29 shows that the seal plate 468 1s sandwiched between the valve crank gear 380
and the outlet shaft 464, The seal plate 408 1s the same as the seal plate 452 and includes an nner
annular neck 688 that is engageable with the cam plate 644, and an outer annular neck 692 that
supports a seal 696 and that engages an inner wall 698 of the outlet-side chamber 324. The seal
plate 468 is secured to the framework 306 by fasteners 696 such that the seal plate 468 does not

rotate with the valve crank gear 380b or the outlet valve assembly 424

{00156] To assemble the dosing engine 300, the inlet valve assembly 420 and the outlet valve
assembly 424 are installed on the framework 306 from their respective sides. On the inlet side, the
bore seal 428 1s inserted into the center bore 472, and the Iift cam 432 is nstalled over the bore
seal 428 Thereafter, the valve poppets 436 (and the corresponding poppet seals 412) are inserted
mto respective flow channels 340a so that the valve poppets 436 rest on the base section 476, the
iift cam ledge 480, the first cam slope 484, or the second cam slope 488 (depending on the
orientation of the lift cam 432 relative to the valve poppets 436). The inlet pressure cam 440 is
positioned over the hift cam 432 so that the key 532 15 engaged with the notch 492 to fix rotation
between the lift cam 432 and the inlet pressure cam 440. The nlet shaft 444 s coupled to the inlet
pressure cam 440 via engagement between the key 560 and the notch 536 so that the inlet pressure
cam 440 rotates with the inlet shaft 444, The wear plate 580 and the shaft seal 584 are coupled to
the outer side of the inlet shaft 444 adjacent the outer end 544, The seal plate 452 is then positioned
over and the inlet shaft 444, the wear plate 580, and the shaft seal 584 and attached to the
framework 306. The valve crank gear 3802 13 then posttioned over the inlet shaft 444 so that the
pockets 396 align with the shaft extensions 644 and so that the shaft key 394 15 aligned with the
stot 568. The remainder of the drive mechanism 305 on the nlet side 1s then attached to the valve

crank gear 380a.

[00131] On the outlet side, the valve poppets 456 {and the corresponding poppet seals 412} are
mserted into respective flow channels 340b so that the valve poppets 456 rest on the mner wall
698 of the cutlet-side chamber 324, The outlet pressure cam 460 15 positioned over the valve
poppets 456, and the outlet shaft 464 1s coupled to the outlet pressure cam 460 via engagement
between the key 656 and the notch 632 so that the outlet pressure cam 460 rotates with the outlet
shaft 464, The outlet shaft 464 also 15 keved to the mlet shaft 444 due to the complementary

features on the respective inner ends 540, 636. This complementary engagement between the shafts

31



WO 2021/021945 PCT/US2020/044090

444 464 defines a flow control device that controls fluid flow on the inlet and outlet sides of the

dosing engine 300,

{06152] The wear plate 672 and the shatt seal 676 are coupled to the outer side of the outlet shaft
464 adjacent the outer end 640. The seal plate 468 1s then positioned over and the outlet shaft 464,
the wear plate 672, and the shaft seal 676, and attached to the framework 306. The valve crank
gear 380D 1s then positioned over the outlet shaft 464 so that the pockets 396 align with the shaft
extensions 660 and so that the shaft key 394 15 aligned with the slot 664. The remainder of the
drive mechanmism 3035 on the outlet side is then attached to the valve crank gear 380h. The pistons
352 are positioned in the framework 306 so that the arms 365 are disposed in the slots 358, The
primary crank arms 400a, 400b are attached to (e.g., snapped onto) the respective valve crank gears
380a, 380b and onto the arms 365 of one of the pistons 352 so that the arms 400a, 400b rotate
relative to the respective connections. The secondary crank arms 404 are then attached 1o {e.g.,
snapped onto) the primary crank arms 400a, 400b and to the arms 365 of the remaining pistons

352 for relative rotation.

{00153] The lift cam 432, the inlet pressure cam 440, and the valve poppets 436, define a valve
of the inlet valve assembly 420, and the poppets 456 and the outlet pressure cam 460 define a valve
of the outlet valve assembly 424, both of which are driven by the inlet shaft 444 and the outlet
shaft 464. The valves direct fluid 1nto and out of the purap chambers 372 in a coordinated manner
based on the state of the valve poppets 436, 456. The flow channels 340a and the openings 356
provide fluid communication between the mlet-side chamber 320 and the pump chambers 372
based on the state of the poppets 436 {(e.g., open or closed, or in some position between open and
closed). Likewise, the flow channels 340b and the openings 356 provide fluid communication
between the pump chambers 372 and the outlet-side chamber 320 based on the state of the poppets
436 {e.g., open or closed, or m some position between open and closed). Each piston 352 and
corresponding pump chamber 372 has two valve poppets — one inlet valve poppet 436 and one
outlet valve poppet 456. When one of the two valve poppets 436, 456 15 open or moving toward
the open position, the other valve poppet 456, 436 15 closed. When the piston 352 13 at a bottom-
dead position (closest to the opening 356) or a top-dead position {farthest from the opening 356),
both valve poppets 436, 456 are generally closed. Depending on the tolerances of the system, the

poppets 436, 456 may temporarily both be in the closed position at the same time while
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transitioning between the inlet and outlet strokes, although this should be himited to prevent a
condition known as cylinder knock. Due to the cooperative arrangement between the 1ift cam ledge
480 and the pressure cam ledge 520 on the inlet side, and the relative orientation of the pressure
cam ledge 616 on the outlet side, the valve poppets 436, 456 are varied between the closed and
open positions in a coordinated manner that aligns with the state of the piston 352 to which the

valve poppets 436, 456 correspond.

{00154] The bore seal 320 seals the inlet-side chamber 320 from the outlet-side chamber 324 so
that fluid does not flow directly from the inlet-side chamber 320 to the outlet-side chamber 324.
The shaft seals 584, 676, and the seals 588, 680 act as a fluid barrier between the inlet and outlet
shafts 444, 464 and the exterior of the engine 300 such that fluid within the framework 306 does

not escape or otherwise leak.

{00155] Depending on the direction of rotation of the diluent pump 304, one of the cam slopes
484, 488 lifts at least one of the poppets 436 to the open position, the 1ift cam ledge 480 holds the
lifted poppet(s) in the open position, and the other of the cam slopes 488, 484 allows the lifted
poppet(s) 436 to move toward the closed position. The base section 476 of the hift cam 380 allows
the valve poppet(s) 436 to be n the closed position. The base section 516, the pressure cam ledge
520, and the first and second cam slopes 524, 528 on the inlet pressure cam 440 complement the
action of the valve poppets 436 that 15 facilitated by the hift cam 324. That 15, the base section 516
permits the valve poppet(s) 436 to stav open when lifted by the Lift cam 432, the pressure cam
ledge 520 forces valve poppets 436 to stay closed by engagement with the respective poppet heads
500 (1.e. when the poppets 436 are aligned with the base section 476), and the cam slopes 524, 528
permit movement of the valve poppets 436 between their open and closed positions. On the outlet
side, there 15 no need for a lift cam because the pressure of fluid flowing from one or more of the
pump chambers 372 15 sufficient to force the corresponding poppet 456 to the open posttion. The
outlet pressure cam 460 coordinates movement of the poppet 456 from the open position back
toward, and 1o, the closed posttion, and holds the poppet 456 i the closed position via the pressure

cam ledge 610,

[80136] The dosing engine 300 self-primes the pistons 352 when water flows through the inlet

312 and mnto at least one of the pump chambers 372, Stated another way, diluent entering the
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system defines the motive force for the dosing engine 300 and drives movement of the pistons 352,
which in turn rotates the valve assemblies 420, 424. A pressure differential that is generated
between the inlet 312 and the outlet 316 causes the pistons 352 to reciprocate within the housings
328, which in turn rotate the valve assemblies 420, 424. Fluid flows from the inlet 312 through the
flow channels 340a associated with the valve poppet(s} 436 that are partially or fully open. The
fluid then enters the corresponding pump chamber 372 via the opening 356 in the housing 328,
The pressure of the fluid forces the corresponding piston 352 to move away from the opening 356
toward a top-dead position, which allows more fluid to accumulate in the pump chamber 372, This
action primes the drive mechanism 303, which begins movement of the remaining pistons 352

within the respective housings 328,

{00157} FIGS. 38A-40 generally show a fluid flow path of fluid through the dosing engine 300
and actuation of the pistons 352 within the framework 306. FIG. 38A differs from FIG. 38B in that
the poppets 436 are removed in FIG. 388 to better show the fluad flow path. The dashed lines in

FIGS. 38A-40 indicate the flow paths as described herein.

{00158] FEach piston 352 1s actuatable between an extended position (1.e. the top-dead position)
and a bottom-dead position. The top-dead position corresponds to a maximum radius that the
piston 352 extends from the axis of rotation of the diluent pump 304 (through the central opening
332}, and the bottom-dead position corresponds to the munimum radius that the piston 352 can be
located from the axis of rotation. Referring to FIG. 41, Piston 3524 15 in the top-dead position,
while piston 352b and piston 352¢ are both in, or approximately in, the bottom-dead position.
Piston 352d and piston 352¢ are between the top-dead position and the bottom-dead position and
are moving toward or away from one of these positions. As such, there is no state of the dosing
engine 300 in which fluid 15 neither flowing into a pump chamber 372, nor flowing from a pump
chamber 372, The rotational movement of the valve crank gears 380, caused by fluid flow in the

system, can be used to drive other systems, for example the chemical pump assemblies 18,

{081539] The volume of the pump chamber 372, which corresponds to the amount of fluid that
can be driven out of the system, is defined by the amount of travel between the bottom-dead
position and the top-dead position and the cross-sectional area of the pump chamber taken across

the axis along which the pistons 352 move.
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{06160] FIGS. 42A-42H illustrate the up-stroke of one piston 352 within its housing 328 (FIGS.
42B-42D) from the bottom-dead position (FIG. 42A) to the top-dead position (FIG. 42E), and the
down-stroke of the piston 352 from the top-dead position back to the bottom dead position (FIGS.
42f-42H). The corresponding positions of the inlet valve poppet 436 {(shown moving to the open
position or in the open position in FIGS. 42B-42D, and closing or in the closed position in FIGS.
42E-42H) and the outlet valve poppet 456 (shown closed in FIGS. 42A-42F and 42H, and moving
toward the open position or in the open position in FIGS. 42F-4(Gj) are also shown. For example,
FIG. 42D illustrates the piston 352 nearing the top-dead position, and the inlet valve poppet 436
is open but moving toward the closed position, and the outlet valve poppet 456 1s closed. FIG. 43E
dlustrates that the valve poppets 436, 456 are closed. FIG. 42G illustrates that the inlet valve
poppet 436 remains closed as the piston moves to the bottom-dead position, and the outlet valve

poppet 456 remains open.

[00161] FIG. 44A illustrates the relative positions of a five-piston system consistent with what
is described relative to FIGS. 20-43H, and shows that at no point 1s the systern in a “dead’-state
where fluid is not entering or leaving the system. FIG. 44B illustrates the flow associated with the
angular positions of the pistons. FIG. 44D illustrates the torque associated with each piston relative

to the position of the piston.

[08162] Various exemplary dimensions of the five-cylinder dosing engine 300 are now provided
for context, although other dimensions, especially scaled dimensions, are contemplated. The
diluent pump 304 preferably operates at about 120-180 revolutions per minute (“rpm”). Each
cylinder size 15 about 28 cubic centimeters. The diluent pump 304 as illustrated has a 6-inch
diameter but could have other diameters such as a diameter of 4 inches. The diluent pump 304 can
operate at a fluad pressure of about 25-30 pounds per square inch (“ps1”), but is intended to operate
with a consistent fluid pressure that 1s lower, such as 5-15 psi. Also, the diluent purmp 304 can
operate under large, temporary surges of fluid pressure, for example 100 psi. When such a surge
occurs, the diluent pump 304 operates to work down the drving fluid pressure back mnto an
operation range via purnping the driving flurd. The dosing engine 300 pump about 50,000 hiters of

driving fluid, for example water, over about a two-year lifespan.
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{06163] Comparing the three-cylinder dosing engine 10 with the five-cylinder dosing engine
300, FIGS. 43A and 44A illustrate the radial position of the pistons relative to the angular position
of the rotating components of the respective dosing engines. FIGS. 43B and 44B show the same
angular position of the pistons of each dosing engine with a cumulative flow rate through each
engine as a result of the piston movements. Notably, when comparing the cumulative flow of the
three-cylinder engine 10 with the five-cylinder engine 300, the five-cylinder engine 300 provides
a relatively smoother cumulative flow. That 1s, the delta between minimum and maximum flow
rates of the five-cylinder dosing engine 300 is less than that between the minimum and maximum
flow rates for the three-cvlinder dosing engine when operating at a steady state. This feature of the
five-cylinder dosing engine design is advantageous for maintaining a consistent, steady output and

preventing or minimizing a “water hammmer” phenomenon in the pistons.

100164} FIGS. 43C and 44C illustrate the toque of each piston of the three- and five-cylinder
dosing engine configurations. The five-cylinder dosing engine 300 has relatively less torque acting
on each of the pistons 352 than what acts on the pistons of the three-cylinder dosing engine 10,
and additionally has a lower change n torque relative to the angular position of the pistons. These

features provide less stress on the pump parts, and in turn, higher reliability of the dosing engine.

{00165] It follows that aspects from both the three-cylinder and the five-cylinder dosing engines
are combinable to meet dosing engine requirements. For example, the poppets 436, 456, the
pressure cams 440, 428, and Iift cam 380 could be used in a three-piston dosing engine. Similarly,
the valve mechanism 64 that 1s rotatable within the central chamber 44 of the three-piston engine
10 1s adaptable to work with a five-cylinder dosing engine 300, Each dosing engine 1s adaptable

to operate the chemical pumps 18.

[00166] Other aspects not shown herein are combinable with the three-cylinder dosing engine
10 and the five-cylinder dosing engine 300 as disclosed herein. For example, filtration may be
fitted on the mlet side of the framework to filter sedument from the dosing engine driving flnd.
While corrosion may not be an ssue if the dosing engine 1s generally made from plastic or a
compostte material, sediment, sand, and other particulate in the driving fluid could get trapped n

the dosing engine and inhibit the actuation of the pump components. A pressure or flow regulator
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on the inlet of the framework could also be provided to protect the dosing engine from damagingly

high pressure or flow of the driving fluid into the dosing engine.
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CLAIMS

1. A dosing engine comprising

a framework including an inlet configured to receive a fluid and an outlet configured to
dispense the fluid;

fluid drivers supported by the framework and configured to pump fluid toward the outlet;

and

a flow control device coupled to the framework and in fluid communication with the inlet,
the outlet, and the fluid drivers,

wherein the fluid drivers are cooperatively driven by a motive force from fhud flow
through the inlet to dispense fluid via the outlet, and to drive the flow control device to distribute

diluent to the diluent drivers in a coordinated manner.

2. The dosing engine of claim 1, further comprising a drive mechanism operatively coupled
to the fluid drivers and to the flow control device, wherein the motive force on the fluid drivers is

transferred to the flow control device by the drive mechanism.

3. The dosing system of claim 2, wherein the fluid drivers are defined by piston-cylinder
arrangements, and wherein the drive mechanism is defined by a hinkage mechanism configured to

transfer linear movement of the piston-cylinder arrangements to rotation of the flow control device.

4. The dosing system of claim 1, wherein the tlow control device mcludes an inlet valve
mechanism disposed on an inlet side of the framework and an outlet valve mechanism disposed
on an outlet side of the framework, and wherein the inlet valve mechanism and the outlet valve

mechanism are attached to each other for fixed rotation.

5. The dosing system of claim 4, wherein the inlet valve mechanism includes mlet poppets
and the outlet valve includes outlet poppets, wherein one each of the inlet poppets and the outlet
poppets are associated with one of the fluid drivers, and wherein the inlet poppets and the outlet
poppets are configured to open and close in a coordinated manner to control flow of fluid from the

inlet to the outlet.

6. The dosing system of claim 5, wherein the nlet poppets are biased to the open position by

a lift cam disposed in the framework on an underside of the inlet poppets.
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7. The dosing system of claim 5, further comprising a drive mechanism operatively coupled
to the fluid drivers and to the flow control device, and one or more chemical drivers coupled to the
framework, wherein the one or more chemical drivers are configured to pump chemical in response
to movement of the drive mechanism, wherein the one or more chemical drivers are selectively

engaged or disengaged from the drive mechanism to stop chemical dispensation.

8. The dosing system of claim 1, wherein the fluid drivers are sequenced to provide

continuous fluid flow to the outlet.

9. The dosing system of claim 1, wherein the framework has a central chamber, wherein at
least a portion of the flow control device 15 disposed in the central chamber, and wherein the fluid

drivers are radially arranged on the framework.

10. The dosing system of claim 1, wherein the thud drivers at least partially define pump
chambers, wherein the flow control device includes an inlet valve mechanism disposed on an inlet
side of the framework and an outlet valve mechanism disposed on an outlet side of the framework,
wherein the inlet valve mechanism and the outlet valve mechanism are axially-connected, and
wherein each of the inlet valve mechanism and the outlet valve mechanism are configured to

provide sequenced fluid intake into the pump chamber and fluid output from the pump chamber.

[ A dosing engine Comprising;

a framework including an inlet configured to receive a thud and an outlet configured to
dispense the fluid;

tluid drivers supported by and radially arranged on the framework, the fluid drivers
angularly spaced around the framework and configured to pump fluid toward the outlet;

a drive mechanism coupled to the framework and operatively coupled to the fluid drivers;

and

a flow control device at least partially disposed in the framework and operatively coupled
to the drive mechanism, the flow control device in fluid communication with the inlet, the outlet,
and the fluid drivers, and the flow control device defined by one or more cams and one or more
valves to sequence flow of fluid to and from the fluid drivers in response to movement of the drive

mechanism.
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12, The dosing engine of claim 11, wherein a motive force on the fluid drivers is transferred to

the flow control device by the drive mechanism.

13. The dosing system of claim 12, wherein the fluid drivers are defined by piston-cylinder
arrangements, and wherein the drive mechanism is defined by a hinkage mechanism configured to

transfer linear movement of the piston-cylinder arrangements to rotation of the flow control device.

14, The dosing system of claim 11, wherein the flow control device includes an inlet valve
mechanism disposed on an inlet side of the framework and an outlet valve mechanism disposed
on an outlet side of the framework, wherein the inlet valve mechanism and the outlet valve
mechanism are attached to each other for fixed rotation to sequence flow of fluid to and from the

fluid drivers.

15. The dosing system of claim 14, and wherem the inlet valve mechanism includes a hift cam,
an inlet pressure cam, and valves disposed between the lift cam and the inlet pressure cam, and
wherein each of the valves 1s movable between a closed position and an open positions in response

to rotation of the lift cam and the inlet pressure cam.

16, The dosing system of claim 15, wherein the lift cam and the pressure cam have sequenced

cam portions to vary each of the valves between the closed position and the open position.

17. The dosing system of claim 15, wherein the outlet valve mechanism includes an outlet
pressure cam and valves disposed in the framework inward of the cutlet pressure cam, wherein
motive force of fluid from the fluid drivers varies the valves to the open position and the outlet

pressure cam is configured to vary the valves to the closed position.

18 A method of dispensing a fluid, the method comprising:

directing a fhud through an inlet of a framework, the framework supporting fluid drivers
at least partially defining pump chambers associated with the fluid drivers;

cooperatively moving the flaid drivers via a motive force from fhud flow into the
framework to dispense fluid to an outlet; and

driving a flow control device in response to the cooperative movement of the fluid drivers

to distribute diluent to the fluid drivers in a coordinated manner.
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19. The method of claim 18, further comprising
rotating a drive mechanism in response to movement of the fluid drivers, the drive
mechanism operatively coupled between the fluid drivers and the flow control device; and

transferring movement from the drive mechanism to the flow control device.

20. The method of claim 18, further comprising

moving at least a first fluid driver of the fluid drivers in a first direction in response to the
motive force of fluid flow into the associated pump chamber;

moving at least a second fluid driver of the fluid drivers in a second direction in response
to the motive force of fluid flow into the pump chamber associated with the first fluid driver; and

dispensing fluid from the pump chamber associated with the second fluid driver inresponse

to moving at least the second fluid driver in the second direction.
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