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The present invention is directed to proportioning systems which can

dispense a mixture of two or more fluids.

Background Art

In large commercial and industrial settings such as hospitals, hotels,
factories and the like, cleaning, disinfecting, and other health and maintenance
functions requiring a major organized effort to ensure that these operations are
carried out efficiently and economically. By way of example only, in large hotels
and hospitals, it is not unusual to have one individual dedicated to simply refilling
handheld spray bottles with cleaning and disinfecting agents. This means of
course that each day or at regular intervals, the empty or partially empty spray
bottles must be collected at a central location and then refiled. Collecting,
refilling, and again distributing the bottles to worksites takes a toll on the efficient
operation of such health and maintenance functions. Accordingly, it would be
most beneficial if the amount of effort and time used to refill such handheld
sprayers could be reduced.

Additionally, in such commercial and industrial settings, large scale mixing,
diluting, and dispensing functions are carried out in specialized locations. Such
functions can be accomplished, for example, at dishwashing or laundry stations,
food dispensing stations, paint or epoxy mixing stations, and at a myriad of other
stations. For such functions, concentrates such as soaps, disinfectants, paint
pigments, epoxies, and the like, are delivered to the facility and then are mixed or
diluted in a proportioning and dispensing system. Such concentrates can include,
for example only, a block of soap that is to be placed in a large industrial
dishwasher or other cleaner. In such situations the soap is dispensed into a
stream of water by simply having the water directed over the block of soap. Such
a system can understandably be wasteful in that the correct proportion of soap or
other concentrate to the diluting fluid is not accurately measured.
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The present invention is directed to overcome the disadvantageous of prior

10 devices and systems.

Accordingly, the present invention is directed to a proportioning system
which has at least a dual piston configuration for mixing together two fluids, one of
which is preferably a concentrate, in a safe, accurate and economical manner.
The system can be preferably configured either as a handheld trigger sprayer with

15 two or more reservoirs for containing the fluids to be mixed and dispensed, or a
large industrial stationary proportioning system such as found in a dishwashing or
laundry system, or a paint or epoxy mixing system.

A handheld industrial or commercial proportioning system in line with the
invention could for example accomplish a mix ratio of one to twenty, with two fluid

20 reservoirs. The first reservoir would contain the concentrate and the second
reservoir would contain fluids such as water. With a twenty to one ratio, it may be
possible to use such a handheld sprayer for up to a month before the concentrate
would have to be recharged. In such a situation, the reservoir containing the
water could be recharged immediately at any time at any water tap. Such an

25 arrangement of course would save the time of (1) returning handheld spray bottles
fo a central, normally basement, location, (2) recharging all the bottles, and (3)
then re-dispensing the bottles to the designated worksites. Additionally, there
would be savings in the shipping and handling of concentrated fluids.

The same sort of proportioning system could also be used in permanent

30 locations for large scale equipment which mix and proportion paints, epoxies, and
other chemicals.

Further, the embaodiments of the present invention provide for adjusting the
proportioner to affect the mix ratio of the several fluids which are being mixed
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Accordingly, there is a need to develop a system which can be used both as
a handhel d proportioner or as a |large stationary proportioner for

di spensi ng and proportioning substances in an accurate and econom cal way.
Such system woul d be econom cal as only the exact desired m xture woul d be
di spensed. 5 FuMaEf2s086he system woul d need to Je desi gned so PEEHUSHD0Whe
could cone in contact with any concentrate. Summary Di scl osure of Invention
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a proportioni ng sestonsiraiei @h ;ﬂlaalngut of eadWarﬂaghmxb pbafigurationsf ifgur edanging ahe
m Xi ng_ together tp\pé)pgrtlloumrgg ratlos %Tome embodiments demonstrate that the proportioning
ratios can be changed adaptively in real time according to changing conditions.
5 These embodiments demonstrate a proportioning system which ensures that any
concentrate is handled safely and cannot be dispensed should the diluting fluid
become exhausted.
An embodiment of proportioning system of the invention for dispensing and
mixing of two of more fluids comprises a first cylinder and piston arrangement
10 adapted for pumping a first fluid from a first reservoir and a second cylinder and
piston arrangement adapted for pumping a second fluid from a second reservoir.
The two fluids, one preferably a concentrated fluid and the other a diluting fluid are
pumped to a dispensing spray head. The mix ratio of the fluids, from one to one,
up to one to fifty and beyond, can be adjusted in this inventive system in a number
15 of manners.
In one aspect of the invention, the first and second cylinder and piston
arrangements are operated with an actuator which can pivot about a pivot point.
In this embodiment, the first and second cylinder and piston arrangements are
positioned adjacent each other and can dispense a mixture of fluid depending on
20 where the pistons are situated relative to the pivot point of the .actuator.
Movement of the actuator pivot point accordingly adjusts the mix ratio. Such
movement can be accomplished through a manufacturing process or in the field.
In a field environment the mix ratio can be changed adaptively.
In another aspect of the invention, the mix ratio can be affected by
25 repositioning the cylinders with respect to each other and with respect to the pivot
point of the actuator. The cylinders can remain paraliel to each other or can be
disposed of at an angle with respect to each other. Further, the cylinders can be
disposed on opposite sides of the pivot point.
In yet another aspect of the invention, the mix ratio can be adjusted by
30 adjusting the stroke of the piston in each of the first and second cylinder and
piston arrangements as well as by changing the diameter of each cylinder. By
changing the diameter of the cylinder and/or the stroke of the piston, the volume
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Addi tional ly, t Egi\édua? dials, cams, or other mechanisms can be affixed to the actuator and/or
the first and second cylinder and pistén arrangements in order to effect the mix
ratio.

In yet another aspect of the invention, the first and second cylinder and

10 piston arrangements can be interchangeable so that during the manufacturing
process or in the field, the mix ratio can be changed by using a different cylinder
and piston arrangement for an existing one. The different cylinder and piston
arrangement would have either a different stroke or a different diameter in order to
affect the volume of fluid dispensed.

15 In stili a further aspect of the invention and in particular with respect to a
handheld sprayer or dispenser having first and second reservoirs, the first
reservoir would be adapted for containing the concentrate, and the second
reservoir would have a filling port located distally from the spray head in order to
effect convenient filling of that reservoir from an available water source.

20 In yet another aspect of the invention, the dispensing system prevents the
dispensing of a concentrate when a diluting solution has been depleted.

Accordingly, it is an object of the present invention to provide for an
efficient, economical and safe portioning system which can be used either in a
handheld configuration or in a large industrial proportioning configuration.

25 Other aspects, objects and advantages of the invention can be obtained

from a review of the specification and the drawings.

Brief Description of the Drawi

Figs. 1a and 1b are embodiments of the proportioning system of the

30 invention in a handheld dual piston trigger sprayer configuration.
Fig. 2 is a side view of a dual piston trigger sprayer configuration of the
proportioning system of the invention showing the cylinders placed with respect to

each other and respect to a pivot point.
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Fig. 4 is an alternative embodiment of a dual piston portioning system.

5 Fig. 5 is yet a further alternative embodiment of the invention wherein the
pivot point of the actuator can be repositioned.

Fig. 6 is still a further alternative embodiment of the invention wherein the
stroke of the piston can be adjusted.

Fig. 7 is yet another alternative embodiment of the present invention

10 wherein the cylinder and piston arrangements are alternatively configured with
respect to each other.

Fig. 8 is a further alternative embodiment of the present invention wherein
the actuator includes multipie levers for purposes of effecting the advantages of
lost-motion or over-travel in determining the mix ratios.

15 Fig. 9 is yet a further alternative embodiment of the present invention
wherein the cylinder and piston arrangements are interchangeable.

Figs. 10a and 10b are alternative embodiments of the valving
arrangements of the invention which prevents a concentrate fluid from being
dispensed when the diluting fluid has been exhausted.

20
Best Mode for Carrving Out the | i

With reference to the figures and in particular Figs. 1a and 1b, a handheid
dual piston trigger sprayer 20 is depicted. Trigger sprayer 20 is one of the many
embodiments of the proportioning system of the invention. As can be seen in

25 Figs. 1a and 1b, trigger system 20 includes a spray head 22, a spray nozzle 24,
first and second cylinder and piston arrangements 26, 28, with longitudinal axes
27, 29, respectively, and an actuator or trigger lever 30. Actuator 30 is pivoted
about pivot point 32. The spray head 22 is secured to a base 34 with attachment
mechanism 36. Base 34 includes in this particular embodiment a large first

30 reservoir 38 with a filling port 40. A second reservoir 42 is removabie and
securable to the base 34 so that it is positioned adjacent to the first reservoir 38.
The first and second reservoirs 38, 42, communicate with the spray head 22.
Preferably the second reservoir 42 is filled with a concentrate such as a



concentrate is handl ed safely and cannot be di spensed should the diluting
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relative to the gRb¥Atin FYd)1120and 16, WRIEH@n@'is distally located from the spray head 22.
As can be seen in these figures, the trigger sprayer 20 is elongated along a
longitudinal axis 44 which can be drawn from the end including the spray head 22,
and through the body of the sprayer 20 adjacent to the filling port 40. The filling
port then lies on a radial line 46 substantially perpendicular to the longitudinal axis

10 44. The advantage of this configuration is that when the diluting fluid becomes
depleted, the first reservoir 38 can conveniently be recharged without removing
the spray head 22 from the base 34 as is conventionally done with trigger
sprayers. By tipping the sprayer 20 by 90 and removing the cap 48, the first
reservoir 38 can be conveniently filled through port 40 under a convenient water

1s tap. This arrangement has the additional advantage that there is no requirement
that a deep bowi industrial sink be available in order to accommodate the
elongated length of the base 34 with the spray head 22 removed. All that is
necessary is that the sink accommodate the diameter of the first reservoir 38
which is perpendicular to the elongated axis 44.

20 A side view of an embodiment of the trigger sprayer 20 is shown in Fig. 2.
In this embodiment the first cylinder and piston arrangement 26 is paraliel to but
spaced from the second cylinder and piston arrangement 28. Additionally, it can
be seen that the diameter and volume of the first cylinder and piston arrangement
26 are smaller than those of the second cylinder and piston arrangement 28. This

25 figure demonstrates the great versatility of the present invention. By adjusting the
position where the actuator 30 engages the first and/or second cylinder and piston
arrangement 26, 28, and also the diameter of the first and/or second cylinder and
piston arrangement 26, 28, the volume of fluid from the first reservoir that is
pumped and mixed with respect to the volume of the fluid from the second

30 reservoir can be adjusted in order to obtain a range of mix ratios from one to one,
to several thousands to one, and beyond.

By way of example only, a mix ratio of fifty to one can be accomplished by
having the point of engagement 50 of the first cylinder and piston arrangement 26



Movenent of the actuator pivot point accordingly adjusts the mx ratio.
Such novenent can be acconplished through a manufacturing process or in the
field. In a field environment the mx ratio can be changed adaptively. In
anot her aspect of the invention, the mx ratio can be affected by 25
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5 cylinder and piston arrangement 28 could be about 0.5 inches (12.7mm) while the
diameter of the first cylinder and piston arrangement 26 could be about 0.14
inches (3.6mm) in order to accomplish the fifty to one mix ratio. Similarly, the
same mix ratio could be accomplished with the diameter of the second cylinder
and piston arrangement 28 being about 0.75 inches (19mm} and the diameter of

10 the first cylinder and piston amrangement 26 being about 0.21 inches (5.3mm).
Additionally, by varying the length of the stroke of the piston in each of the first
and second arrangement 26, 28, the volume of the fluid pumped by each
arrangement 26, 28, can also be adjusted. Thus, several dimensions can be
selected for this embodiment in order to effect a change in the mix ratio.

15 Fig. 3 depicts a cross-sectional schematic view of another embodiment of
the trigger sprayer 20 of the invention. It is noted that in this embodiment,
elements similar to elements in the embodiments of Figs. 1a, 1b, and 2 are given
the same reference numerals. Further, it is noted that even though this
configuration is shown to be that of a trigger sprayer it is to be understood that the

20 mechanisms could be scaled up if desired and incorporated into a large scale
proportioning system such as for example used in an industrial dishwashing,
laundry, or paint mixing environments. In this particular embodiment as described
below, both the diameter of the first and second cylinder and piston arrangements
26, 28, and the length of the stroke of the pistons 54, 56, are different in order to

25 account for the mix ratio.

In this embodiment, it can be seen that the first cylinder and piston
arrangement 26 includes the above piston 54 positioned in a cylinder 58. Cylinder
58 has inlet port 60 and outlet port 62. Port 60 communicates by way of conduit
64 to, for example, a source of concentrate in a reservoir. A check valve 66 is

30 used to ensure that once it is pumped out of the reservoir, no fluid returns to that
reservoir. Piston 54 is biased by spring 68 against the actuator 30 at engagement
point 50. Similarly, the second cyiinder and piston arrangement 28 includes the
above-identified piston 56 housed in the cylinder 70. Cylinder 70 has inlet port 72
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di spensed. 5 22 by first and second conduits 82, 84 respectively.
The actuator 30 (Fig. 3) includes an actuator extension 86 which extends
on the other side of the pivot point 32 and in a direction opposite to the main arm
88 of the actuator 30. In this embodiment a third cylinder and piston arrangement
90 is positioned so that it can be pumped by the actuator extension 86.
10 Arrangement 90 includes piston 91, cylinder 93 and biasing spring 85. Conduit 97
communicates with a reservoir of fluid and conduit 99 communicates with nozzle
24. Check valve 101 and 103 prevent back-flow between the first and second
cylinder and piston arrangements 26, 28, on the one hand, and third cylinder and
piston arrangement 90 on the other hand. It is noted that the actuator 30 has the
15 opposite effect on the third cylinder and piston arrangement 90 that it has on the
first and second cylinder and piston arrangement 26, 28. That is to say that when
the actuator 30 is pivoted about the pivot point 32 in order to push the pistons into
the cylinder of the first and second arrangements 26, 28, fluid is pumped from
these arrangements 26, 28 to the spray head. At the same time, the third cylinder
20 and piston arrangement 90 is drawing fluid from a third reservoir. Accordingly,
through all actions of the actuator 30, fluid is simuitaneously drawn from one or
more reservoirs and pumped through the spray head 22. It is to be understood
that the third cylinder and piston arrangement 90 could be positioned on the other
side of the actuator extension 86, adjacent main arm 88, so that the operation of
25 the actuator with respect to all three of the cylinder and piston arrangement 26,
28, 90, is the same. That is to say that all these arrangements 26, 29, 90 are
drawing fluid from a reservoir at the same time or all arrangements 26, 28, 90 are
pumping fluid to a spray head at the same time.
Fig. 4 is yet another embodiment of an alternative cylinder and piston
30 arrangement 92. This arrangement 92 can replace both of the first and second
cylinder and piston arrangements 26, 28 in Figs. 1, 2 and 3. The aiternative
cylinder and piston arrangement 92 includes a piston 94 which has a first portion
96 with a first diameter and a second portion 98 with a second diameter. First and



15 In still a further aspect of the invention and in particular with
respect to a handheld sprayer or dispenser having first and second
reservoirs, the first reservoir would be adapted for containing the
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Drawi ngs Figs. la and 1b are enbodi nents of the pr I oni ng systemo
30 invention ins asaepadifdhis inventiopi sthencyiingergt00 bas somesprawinggdiametens with first

portion 102 of the cylinder 100 having a first diameter and the second portion 104

of the cylinder 100 having a second diameter with the second diameter being

smaller than the first diameter. Ring seals, such as seals 106, 108, separate the

pump chamber 110 from the pump chamber 112. Pump chamber 110 includes

10 fluid inlet 114 and fluid outlet 116. Pump chamber 112 includes fluid inlet 118 and

fluid outlet 120. Check valves 113 and 117 in fluid inlets 114, 118 prevent back-
flow into the fiuid reservoirs.

A further alternative embodiment of the invention can be seen in Fig. 5.

This embodiment is similar to that shown in Fig. 3 with a number of additions. The

15 first addition is the inclusion of another cylinder and piston arrangement 122, with

longitudinal axis 139, located adjacent to the first and second cylinder and piston

arrangements 26 and 28. Third cylinder and piston arrangement 122 includes a

piston 123, a cylinder 125, and a biasing spring 127. Conduit 131 with check

valve 133 is connected to a reservoir of fluid, and conduit 135 is connected to

20 spray nozzle 24. Third cylinder and piston arrangement 122 also demonstrates a

lost-motion capability so the full extension of piston 123 is restricted by restrictor

137, which does not interfere with actuator 30. In this embodiment, first and

second cylinder and piston arrangements 26, 28 operate first, and third cylinder

and piston arrangement 122 has a delayed operation. The additional cylinder and

25 piston arrangement 122 has a center line 139 which is substantially paralle! to the

center lines 27, 29 of the first and second cylinder and piston arrangements 26,

28. In this arrangement three fluids can be apportioned, mixed, and dispensed
through the spray head 22.

The additional change in this embodiment is that the pivot point 32 is

30 adjustable. In this arrangement, the adjustability is two-directional, along grooves

124, 125, and 126, which grooves are located at an angle to each other. In the

embodiment shown in Fig. 5, grooves 124 and 126 approach being perpendicular

to each other. Other orientations of the grooves can be used within the spirit and



Fig. 2 is a side view of a dual piston trigger sprayer configuration of the
proportioning systemof the invention showi ng the cylinders placed with
respect to each other and respect to a pivot point. WO 97/ 26086

-5 - PCT/ US97/ 00984 Fig. 3 is a side, partial,
cross-sectional view of a proportioning systemdi spenser which could be
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outside of grooves 124, 125 and 126 could be chosen as a new pivot point. By
moving the pivot point along any of grooves 124, 125 or 126, the influence that

5 the actuator 30 has on the pistons of the first, second, and third cylinder and
piston arrangements 26, 28, 122 changes such that the stroke of each piston and
thus the volume of fluid pumped and expeiled by the first and second cylinder and
piston arrangements 26, 28 varies according to the pivot point. Thus by having an
appropriate dial or other mechanism affixed to the pivot point 32, the end user can

10 vary the volume dispensed or the mix ratio in the field. Further it is to be noted
that for ease of manufacture, such an amangement can be designed into a
universal spray head. Then, in the factory, a one time permanent adjustment can
be made to a standard configuration in order to use the same configuration for
different mix ratios depending on the fluids to be dispensed from the trigger
15 sprayer 20.

Finally, more to the point of using such a system in a large industrial setting
such as with a washer or a paint mixer, a computer controller 130 can be used to
adjust the pivot point in order to tune the ratio of the fluids mixed and dispensed
by the proportioning system. The computer controller 130 would reposition the

20 pivot point 32 in order to adjust the mix ratio as desired for the particular fluids
being mixed or could adaptively change the mix ratio due to changing
environment or manufacturing conditions.

With respect to Fig. 6, an alternative embodiment of the sprayer 20 is
depicted. This embodiment is somewhat similar to that of Fig. 3 with the addition

25 of mechanisms, dials, cams, and the like for independently adjusting the stroke of
each of the cylinder and piston arrangements 26, 28. In this embodiment, the first
cam 128 and second cam 130 are affixed to the actuator 30. By adjusting the
position of the cams relative to the actuator 30, the length of the stroke of the first
and second pistons 54, 56 can be either iengthened or shortened. Such

30 adjustments affect the volume of fluid that is pumped by each of the first and
second cylinder and piston arrangements 26, 28. These cams 128, 130 can be

for example provided with dials in order to have specified settings.



Fig. 7 is yet another alternative enbodi nent of the present invention 10
wherein the cylinder and piston arrangenents are alternatively configured
with respect to each other. Fig. 8 is a further alternative enbodi nent of
t he present invention wherein the actuator includes nultiple |evers for
pur poses of effecting the advantages of |ost-notion or over-travel in
determ ning thewgoskssi 0S. 15 Fig. 9 is yet.aifurther alternrcTves7/00984
enbodi ment of the present-invention wherein the cylinder and piston

arrangenents are interchangeabl e, Figs.,..10a an Ob are alternative
enbodigrrents of the vaﬂﬂsngg r‘?’ﬁ’nﬁ@rﬁ%%ég't‘ﬂﬂgt?f@g?qﬁ%f‘lg ﬁﬁmri'%ti‘?"ﬁr"é\/@ﬁtiboée
concentrate flui ¢aigdiimbaisng fi aRenaRsbdihien timerigi |1t bnehifd WykhderSak@epliston

exhausted. 20 Best Mde for Carrying Qut the Invention Wth reference to
the figures and iawapgemientiN4@ isingiuded-angnpositipned briewHbe dirdand spoondeylinder

trigger sprayer Zagldi Eistgﬁ@r&lhggme-rqsi i@q& SH&¥N gﬂmhér 25F pi {tmt Q?ar{Fe?rYent 140

s includes a piston 141, a cylinder 143 and a biasing spring 145. Conduit 147 with
check valve 149 is connected to a reservoir of fluid, and conduit 151 is connected
to spray nozzle 24. Arrangement 140 has a longitudinal axis 153. This third
cylinder and piston arrangement 140, however, is disposed at an angle with
respect to the other two such that the longitudinal axis 1563 of the third cylinder

10 and piston arrangement 140 is skewed relative to the longitudinal axis of each of
the first and the second cylinder and piston arrangement 26, 28. This being the
case, the influence of the actuator 30 on the stroke of the piston 142 is different
than if the axis of the third cylinder and piston arrangement 140 were parailel to
the axes 27, 29 of the first and second cylinder and piston arrangements 26, 28.

15 In the embodiment shown, the stroke would be shortened due to the skewed
relationship of the axis of the third cylinder and piston arrangement 140.

Turning to Fig. 8, yet another aiternative embodiment of the invention is
depicted. in this embodiment, the actuator 30 includes first actuator lever 150 and
second actuator lever 152. The first and second actuator levers 150, 152 are

20 arranged in such a relationship so that there is over-travel or lost-motion of one
actuator lever with respect to the other actuator lever. That is to say, by way of
example only, by engaging the first actuator lever 150, and pivoting it about the
pivot point 32, the first cylinder and piston arrangement 26 is put into operation
drawing or pumping a fluid. After an interval, the first actuator iever 150 engages

25 the second actuator lever 152 which in turn engages the second cylinder and
piston arrangement 28 causing that cylinder and piston arrangement 28 to pump
or draw fluid. Thus this lost-motion device affords another dimension to adjusting
the mix ratio by, in this case, affecting the stroke of the pistons 54, 56 in the first
and second cylinder and piston arrangements 26, 28.

30 Fig. 8 depicts yet a further alternative embodiment of the invention. In this
embodiment, the first and second cylinder and piston arrangements 160, 162, are
interchangeable and replaceable. Thus for example, with this basic design, in

order to adjust the mix ratio efficiently, preselected cylinder and piston



enbodi ments of the proportioning systemof the invention. As can be seen in
25 Figs. la and 1b, trigger system 20 includes a spray head 22, a spray
nozzle 24, first and second cylinder and piston arrangenents 26, 28, with

| ongi tudi nal axes 27, 29, respectively, and an actuator or trigger |ever

30. Actuator 30 is pivoted about pivot point 32. The spray head 22 is
secured to ah3sheads W th attachment nechanj ggn 36. Base 34 ipgglusthgoossn this
particul ar embodinment a large first 30 reservoir 38 with a filling port 40.
A second reservoir 42 is renovable and securable to the base 34 so that it

i s positioned aupegamentssanthe inseded inte the base ggictdtiec!G4. Such antdrcbangeable

e o itsf SRR bbb hoeER e At on 3 e Bl 5 g
- 6 - standardiSagel SILbhH8 B4 aran tanfisglad ire Botham handheldh 8fiayér and also in
disinfectant. The first reservqif 38 is filled with a

a industrial or commercial sprayer or proportioner.

5 Tuming to Figs. 10a and 10b, a valve arrangement for ensuring that
concentrated fluid is not pumped when the diluting fluid has been depleted is
depicted. A schematics of Figs. 10a and 10b can be used in conjunction with any
of the above embodiments.

in Fig. 10a it can be seen that there is one-way check valve 172 in a
10 conduit 74 which prevents fluids from entering chamber 71 of cylinder 70 once it
has been expelled by the action of the piston 56. Similarly, there is a one-way
check valve 174 in a conduit 177 leading from the outlet of chamber 73 of the first
cylinder and piston arrangement 26. In addition to the check valve 174, there is a
flow restrictor 176. This flow restrictor 176 is essentially a narrowing of the
15 conduit over a distance. The embodiment of Fig. 10a also shows a check vaive
shunt 178 which is provided in a conduit 180 which connects the chambers 71, 73
of the first and second cylinder and piston arrangements 26,28. Finally, in this
embodiment there is an additional flow restrictor 182 placed in the conduit 76
adjacent the inlet 72 to the second cylinder and piston arrangement 28. Conduits
20 74 and 177 bring together fluids from chambers 71 and 73 into conduit 200 and
allow these fluids to mix and communicate with spray head 22 (not shown). ltis
noted that the above referenced check valves are preferably elastomeric
diaphragm or flapper type check valves.
The operation of this system then is as follows: The flow restrictor 182 is
25 placed in the conduit 76 adjacent the inlet 72 to the second (diluting fiuid) cylinder
and piston arrangement 2B so that when the pistons 54, 56 are drawing fluid a low
pressure region is formed in the chamber 71 of the second cylinder and piston
arrangement 28 which is drawing the diluting fluid such as water. At this time, this
low pressure ensures that the check valve shunt 178 is closed. The other flow
30 restrictor 176 is placed in the outlet (conduit 177) of the first (concentrated fluid)
cylinder and piston arrangement 26, so that when the two pistons are expelling
fluid, a high pressure region is formed in the concentrate chamber 73 of the first
cylinder and piston arrangement 26. This ensures that the check valve shunt 178



diluting fluid such as water. Through the spray head 22, the ratio of

m xi ng of the water to the concentrated fluid is determ ned and the m xture
di spensed. The filling port 40 is preferably |ocated at an end of the first
reservoir 38 as 5 shown in Figs. la and 1b, which end is distally |ocated
fromthe spray head 22. As can be seen in these figures, the trigger
sprayer 20 is evomyzaosd al ong a | ongitudi nal axi3s 44 which caﬂwﬁg%HF@WWF
fromthe end including the spray head 22, and through the body of the

sprayer 20 adj acegiy i, biged.| WAMINROUIuAG-nuki8r Watdr! Dfls RO Laif REGaWrERid the?
radial |line 46 substantirally perpendi-cular to the lTongitudinal axis 10 44.
The advant age of ¢Hamberdrifofdhe aecomd (ditutingafluidiaylindereandi piston agranpeinenb2g.angs

depleted, the first reservqir 38 c conveni ent L recharged.w thout
oout na' t he- s pr dpeRiSiris Siop Ao dhe et o HBbidr 142 5 SR, RS s ans Bregspre
trigger sprayers.wihin theéBhartibéf el RORighET thah thy pAshsans of #ieDaHaRtber T8 erRwwirtBin
the first reservoir 38 can be convenlentI{tfllled t hrough port 40 under a

conveni ent wat ér thg copggntrate; JhigrangHiReNAt theatheck valyghtinb A48 opaRmARE daat air
that there is no Lagi wRIeRhcidiake HARBROPM  iNdURiAdNA nilHdl BRtiRY2hbiaChé:
in order to accommodate the

concentrated fluid reaches conduit 200 and thus, no such fluids are sprayed out.

Fig. 10b is similar to Fig. 10a with the exception that the flow restrictors

176, 182 are removed. It is to be understood that by the proper selection of the

10 diameters of the tubing that the advantageous feature of Fig. 10a can be

accomplished in Fig. 10b without the specific flow restrictors 176, 182 specified in

Fig. 10a.

Industrial Applicabilit

15 From the above, it can be seen that an advantageous proportioning system
has been specified which can change the mix ratio as desired and which avoids
the dispensing of a concentrated fiuid should the diluting fluid be depleted.

Any of the above inventive embodiments can be scaled up from a handheid
configuration to a large commercial or industrial application such as for example a

20 paint or epoxy proportioner.

Other aspects, objects and advantages of the invention can be obtained
from a review of the figures and the appended claims.

It is to be understood that other embodiments of the present invention be
developed and be within the spirit and scope of the invention as claimed.



I of the base 34 with t spray. head. 22 renmoved. Al that is
{ ﬂiﬁ@] “Ilmiﬂ t he sink acconmmobdat e} THIS SHidiTetss B@Ehﬁi‘he first reservoir
38 whi ch #s perypendicular to the el onggt ed axbsadidy 20 | A side view of

an enbodi ment of the trigger sprayer 28-+s-showr-i-#~Fi¢g- 2. In this

enbodi ment the first cylinder and piston arrangenent 26 is parallel to but
spaced from twwe osaeed cylinder and piston arigangenent 28. Aplchi/tsonsbsy, it
can be seen that the dianmeter and volune of the first cylinder and piston
arrangenent 26 are smaller than those of the second cylinder and piston

ar r angenent 28.tc@ils 25 figure denonstrates the great versatility of the
present invention. By adjusting the position where the actuator 30 engages
the first and/or second cylinder and piston arrangenent 26, 28, and al so
the diameter of thelirsf pierpriienesdefodispensingraimixturedftve fluidsaomprigingent 26,

28, the volume of flu r&%i}Fﬁaeﬁt.F?Z‘it’ra‘{O?‘%&Xé}h%ét%}dhi S punped and m xed

with respect to the volune romihne second 30 reservoir can be
adj usted in order ta sebord reservoimagiaptdd for kontainingsa §ecomddiuid;t o one, to
several thousands to pne, an bsyond.
a dispensing head;
a first cylinder and piston arrangement adapted for pumping a first fluid
from said first reservoir to said dispensing head; and
a second cylinder and piston arrangement adapted for pumping a second

o fluid from said second reservoir to said dispensing head.

2. The proportioner of claim 1 wherein:
said first cylinder and piston arrangement is separate from said second
cylinder and piston arrangement.
15
3. The proportioner of claim 1 including:
an actuator for operating said first and said second cylinder and piston
arrangements; and
said actuator having a pivot point and said actuator being pivotabie about
20 said pivot point in order to operate said first and said second cylinder and piston

arrangements.

4, The proportioner of claim 3 including:
said actuator having a lever arm which pivots about said pivot point;
25 said first cylinder and piston arrangement provided in operable association
with said lever arm at a first location on said lever arm; and
said second cylinder and piston arrangement provided in operable
association with said lever arm at a second location on said lever amm.

30 5. The proportioner of claim 1 wherein:
said first cylinder and piston arrangement is parallel to said second cylinder

and piston arrangement.
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By way of exanpl ' o of fifty-t- e acconplished by
havi ng the poi nt ﬂmmmumummm of th'eTiHiSrSHEE’ny\%&éE?\égnd pi ston
arrangenent 26 *WO 97/ 28086 * REPLACED - 1{

PCT/ US97/ 00984 with actuator 30 be pl aced—ardi-stance—of~"0ne unit fromthe
pi vot point 32. The point of engagenent 52 of the second cylinder and

pi ston arrangemewderR8osei t h actuator 30 is then thaced a di st anBET/H§IT08WH
units fromthe pivot point 32. Assum ng the sane | ength of stroke of each
pi ston, the dianeter oér ther secondn.S c%lc'l mdeir Snd. pi ston arrangenment 28
coul d be about 0.5 inches (1 PRRAYUQRENY AL 1WOSENer of the first cylinder
and pi ston arrangenment sz fief Wyfindd® aHAOpibtoR - drfarigefeas i provided atnarPhAgle tbGaid
acconplish the fifty to one mx ratio. Simlarly, the same mx ratio could
be acconpl i shed wse¢pndrRylipdelAnddsistan aTABIYBeRInd cyl i nder and pi st on
arrangenment 28 being about 0.75 inches (19mm) and the di aneter of

5 7. The proportioner of claim 4 wherein:
said first cylinder and piston arrangement is parallel to said second cylinder

and piston arrangement.

8. The proportioner of claim 4 wherein:
10 said first cylinder and piston arrangement is provided at an angle to said

second cylinder and piston arrangement.

9. The proportioner of claim 3 wherein:
said pivot point is selectively positionable in order to adjust the pumping
15 operation of the first cylinder and piston arrangement relative to said second
cylinder and piston arrangement.

10.  The proportioner of claim 3 wherein:
said actuator extends on opposite sides of said pivot point; and
20 said first cylinder and piston arrangement is located on one side of said
pivot point; and
said second cylinder and piston arrangement is located on another side of

said pivot point.

25 11.  The proportioner of claim 3 wherein;
said actuator has a first part which extends in one direction from said pivot
point and a second part which extends in a second direction from said pivot point;
said first cylinder and piston arrangement are operably associated with said
first part of said actuator; and
30 said second cylinder and piston arrangement are operably associated with

said second part of said actuator.
This Sheet Has Been Replaced
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12.  The proportioner of claim 1 wherein: ”II.'



10 the first cylinder and piston arrangenent 26 _bei ng about '
(5.3m) . Additionally, by varying the |ermfid sMEEt ss,gff,_'cj_ E'é of ﬂlﬁﬂﬂmﬁmm“w l“‘
each of the first and second arrangement 26, @iy jogg VOl fe of % umd s
punped by each arrangenent 26, 28, can atse—~ ed...JThus, several

di mrensi ons can be selected for this enbodinment in order to effect a change

in the mx rajderntoss Fig. 3 depicts a cregs-sectional sebenRbisooss EW

of anot her enbodi ment of the trigger sprayer 20 of the invention. It is

noted that in this enbodinent, elenents simlar to elenents in the

enbodi nents of Fi gs.said firstigylinden apdpistoniareangement hae arfustclongibudinal mxisaed

Further, it is ' | | IS i )

that of a tri gglt esrstEbniME uid BHER dritiolBAL hak's St log Rl axfs: i
coul d be scal ed up idaidlefist dohgitodinahaxispds agubdtantinlly aolliaege wittelsaid second
proportioning s stﬁqraés%ch.as for exanple used in an industrial di shwashing,
| aundry, or pai IR AP*Envi ronments. In this particul ar enbodi ment as
descri bed belpow, both the diameter of the first and second cylinder and

pi ston arrangenents 26, 28, and the length of the stroke of the pistons 54,
56, are different inldrddherrsoportioner of claim 12 wherein:

said first cylinder and piston arrahgement has a first piston and said second

cylinder and piston arrangement has a second piston; and
wherein said first piston is operably associated with said second piston.
10
14.  The proportioner of claim 13 wherein:
said first piston extends from said second piston.

15.  The proportioner of claim 14 wherein:
15 said first piston has a first diameter and said second piston has a second
diameter; and
said first diameter is different from said second diameter.

16. The proportioner of claim 2 wherein:

20 first cylinder and piston arrangement has a first cylinder with a first
diameter and said second cylinder and piston arrangement has a second cylinder
with a second diameter; and

said first diameter is different from said second diameter.

25 17.  The proportioner of claim 2 wherein:
said first cylinder and piston arrangement has a first piston with a first
piston stroke, and said second cylinder and piston arrangement has a second
piston with a second piston stroke; and
said first piston stroke is of a different length that said second piston stroke.
30
18.  The proportioner of claim 3 wherein:

said actuator includes a first lever and a second lever; and

This Sheet Has Been Replaced
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25 acc t e mx ratio. In this_enbadinent, it _can be seen that the
m H‘E [“" ilm d piston arrangenent! 28{S SRERIUEAS tHFeNabove pi ston 54
i M eylinder 58. Cylinder{58 hagpipbet porti 60 and outlet port
62. Port 60 communi cates by way of cohett-t—64-+e~fe+-€xanpl e, a source of
concentrate in a reservoir. A check valve 66 is 30 used to ensure that once
it is punped owoofrebsse reservoir, no fluid rédtfurns to that r&EEUSHTG0984
Piston 54 is biased by spring 68 against the actuator 30 at engagenent
point 50. Simlarly, g,d?Fgé(, q}%ds | §fP BviNdeRa8 ?r?a es
t he above-identified stﬁut@%ﬁ'%g oué%‘gglﬁga e dé:)‘g/ﬁl g?{%r %89 %/BF?HH‘ er %ﬂégg’
inlet port 72 andix4d / 60846 lever operably engages said first lev@ and said second cylinder
PCT/ US97/ 00984 and, out | et _port 74. onduit .76 commupi cates the.inlet port
72 Wi th a sour oot BRI erraTaee s4oh Hadliohelatha Smia it Jrl shemied st S
by 'spring 80 towgifdérhand piston arrangement and then subsequently continued operation of
5 said first lever operates said second lever and said second cylinder and piston

arrangement.

19.  The proportioner of claim 4 wherein at least one of:
at said first location of said actuator is a first device which changes
16 the response of the first cylinder and piston arrangement to the movement of the
actuator; and
at said second location of said actuator is a second device
which changes the response of the second cylinder and piston arrangement to the
movement of the actuator.
15
20. The proportioner of claim 19 wherein:
said first device includes a first cam; and
said second device includes a second cam.

20 21.  The proportioner of claim 1 wherein:

said proportioner is a sprayer.

22. The proportioner of claim 1 wherein:
This Sheet Has Been Replaced

said proportioner is a hand held proportioner.
y I
23. The proportioner of claim 1 wherein:
said proportioner is for delivering one of pesticides, fertilizer, disinfectants,
and cleaners.
30 24. The proportioner of claim 1 wherein:

said proportioner is for delivering one of foods, and medical drugs.

25. The proportioner of claim 1 wherein:



actuator 30 a ctuat Qr_at__engagenment point 52. The first and
second cyl i ndaillﬁm!lm‘g@a!ﬂangemérmg BEEFPBASaBEENcpNNect ed to the spray
head 5 22 by conduiits 8Zr4cepspect] vely. The actuator 30
(Fig. 3) includes an actuator extens+en-S6—wh-ch-extends on the other side
of the pivot point 32 and in a direction opposite to the main arm 88 of the
actuator 30. woothéges enbodi nent a third cyliqner and pi st on peTEsagoessat 90
is positioned so that it can be punped by the actuator extension 86. 10
Arrangenent 90 incl ude i ston 91, cylinder 93 and biasing spring 95.
Condurt 97 communi cAHLPEPPFIETe Efar devErng ofg of REniA AR HES 09

comuni cates with nozzle 24. Check valve 101 and 103 prevent back-fl ow

between the first and second cylinder and piston arrangenents 26, 28, on
the one hand, and t & d Jdyeipterertiensr oficiain ! whereingenent 90 on the ot her

hand. It i ted t : C '
Chird cylinder and pd SRE e S iSigh erBmpih, ARAHIGE 1S WAL b
second cyl i nderfimhresprwirandasimailtgeeausty €4d seéondTéwindérsandpiston afrarigenten is he

SICts;J gtngr i 2? OI S g&liavp%g 90 &ang %Iunldhpere\%xag dPa%'mn ror%% s'eréor% geesrer\tlo?r f%ussari]d ttﬁggensing
head.

27.  The proportioner of claim 19 wherein:

10 said first device includes a first dial; and
This Sheet Has Been Repla
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said actuator includes a first mechanism and a second mechanism;
15 said first mechanism being in operable association with said first cylinder

said second device includes a second dial.

28. The proportioner of claim 3 wherein:

and piston arrangement and said second mechanism being in operable
association with said second cylinder and piston arrangement; and

a third mechanism which operably associates said first mechanism with

said second mecﬁanism so that the timing of the operation of said first cylinder

20 and piston arrangement can be different from timing of the operation of said

second cylinder and piston arrangement.

29. The proportioner of claim 1 including:
an adaptive control mechanism that can adaptively cause the first cylinder
25 and piston arrangement to vary the volume of fluid pumped in relationship to the
volume of fluid pumped by said second cylinder and piston arrangement.

30. The proportioner of claim 1 including:
at least one of said first and second cylinder and piston arrangements

30 being replaceable with an alternate cylinder and piston arrangement.

31. The proportioner of claim 30 wherein:



mr

the cylinder of the first and second arfan s%m28 flui
fromthese arrangements 26, 28 to the spr. %ﬁéﬁﬂf HAS HFEW sane '(mﬁ “‘ﬂiﬁjnlll“‘“l
third cylinder 20 and piston arrangeneni 90 |F§P(:IA@W ng fI uid f

reservoir. Accordingly, through all actions ofthe—attuator fI uid is

si mul t aneously drawn fromone or nore reservoirs and punped through t he

spray head 22. wé odfsod¢0 be understood that thetghird cylinder PERASEI/PEN
arrangenent 90 could be positioned on the other side of the actuator

ext ensi on 86, .adjacent nmajn at. the o er at on

actuator with respectsal"é)ali?rr"a ‘3’3"6?' ?’HQP'ES?P.W& CRY ‘ﬁﬂ"s?‘b’ﬁp%‘fp&ﬁﬂ%ﬁ%fs

26,. 28, 90, ist T4 m dmdrit8emgaepiaceenent s 26, 29,

90 are drawi ng f ui frgmtgétrceﬁsn?retgrﬁ%ﬁtétﬁiem?ane ti megorpall arlrP Been Repla
26, 28, 90 are punping fluid to a spray head at the same tinme. Fi ”I”"
yet - anot her enbodinen of |41 nand piston 30 a
92. Thi s arrangenent cz;ﬁﬂr;e}pxlt’ c%fﬁ:la?r?ﬁhﬂﬁ&%l rst and second cyli nder
and piston arrgngenmensaid dspeising lheEdgsodeng:a sprayedi miblareasfitbe izstifluid and the
cylinder and piston arr é]gerrent 92 includes a piston 94 which has a first
portion second flui

33. The proportioner of claim 4 wherein:
at one of said first and second locations, said actuator includes a device
10 which changes the response of the respective cylinder and piston arrangement to

the movement of said actuator.

34. The proportioner of claim 1 including a means for changing the
stroke length of a piston in one of said first and second cylinder and piston

15 arrangements.

35. The proportioner of claim 3 wherein:
said first and said second cylinder and piston arrangements are located on

the same side of the pivot point.

20
36. A proportioner for dispensing a mixture of at least two fluids
comprising:
a dispensing head;
a first cylinder and piston arrangement communicating with said dispensing
25 head;
a second cylinder and piston arrangement communicating with said
dispensing head;
a first conduit connected to said first cylinder and piston arrangement and
adapted to be connected to a first reservoir, and
30 a second conduit connected to said second cylinder and piston

arrangement and adapted to be connected to a second reservoir.

37. The proportioner of claim 40 wherein:



6 with a first diameter and a second portion 98 with a second di aneter.

9

Fi 6086 i =

PE*%B!QMJMMﬁmEd portions 96, 98 %rTgHSCS EE;f?\géSa %Ell}‘t | ongi t udi nal axis
=Yl ) he

119. In the enbodi ment depicted, the di-anet second portion 98 is
smal ler than the diameter of the first portion 96. However, it is to be
under st ood th%obﬂfﬁos%i tuation could be reversed._(or both di anmirerss7608d d be
equal) and be wthin the spirit and 5 scope of this invention. The
cylinder 100.has corresponding diameters with first portion 102 of the

cyli nder 100 havi ng 8aifipraportionatis ahapddieiciepra¥efond portion 104 of the
cylinder 100 having a second dianeter with the second di aneter being
snmaller than the first dianmeter. R ng seals, such as seals 106, 108,
separate the punp cha&berAhaddhekipropertipnerpfoc dispersingld AuidRiomprisingorber 110

I ncludes 10 fluid inlet 11ﬁ1 %nd fluid outlet 116. Punp chanber 112 incl udes
fluid inlet 118 and 3SPraynead,

5 a reservoir adapted for storing a fluid to be dispensed;

said reservoir being elongated with a first end and a second end;
said spray head mounted adjacent to said first end; and
a reservoir fill port located either (1) adjacent to or (2) on said second end.

10 39. The proportioner of claim 38 including:
said reservoir having a longitudinal axis which extends between said first
end and said second end; and
said reservoir fill port located along a line which is substantiaily
perpendicular to said longitudinal axis and adjacent to said second end.
15
40. The proportioner of claim 38 inciuding:
said reservoir including an external surface located between said first end
and said second end;
said reservoir fill port located on said external surface adjacent to said

20 second end.

41. A proportioning system comprising:
This Sheet Has Been Replaced

a first cylinder and piston arrangement; ' l"ll l"l” I m "

said first cylinder and piston arrangement including an inlet port adapted to

a second cylinder and piston arrangement;
25 a dispensing head;

be connected to a first reservoir containing a dilution fluid and an outlet port
connected to the dispensing head;
said second cylinder and piston arrangement including an inlet port
30 adapted to be connected to a second reservoir containing a concentrated fluid and
an outlet port connected to the dispensing head;
said dispensing head adapted for mixing the dilution fluid from the first

reservoir with the concentrated fluid from the second reservoir; and



s o T ke el e el

the invention can bé séen‘in*Fig. his emtmdicepnt isjsimlar to that
shown in Fig. 3 with a nunber of addi t7oms: addition is the

i ncl usi on of another cylinder and piston arrangenent 122, w th | ongitudi nal
axi s 139, | ocawexhrastsacent to the first and sé@tend cylinder aRgI/Eogioenss
arrangenents 26 and 28. ‘Third cylinder and piston arrangenent 122 i ncl udes
a piston 123, -a cylinder 12 and a hi asi spri,ng 127.. Conduit 131 wit
check valve 133 is can‘ffé’é‘?eegiattowgn%@e&@oﬁ}?t 8@'“9?8?8,% @fﬁ@"cﬁ“ﬂ"ﬁet'"%g"itge
connected to 20 sapbRY cpiHEek Qanddpistbhi Bffasgematiab enulireitRAI0N id AGRIE Rlid id2
al so denmonstrates a | ost-notion capability so the full extension of piston
123 is restrict &epigjed that said spngentrategh fivid goaat dispensad-froay saidi RrRPEEPUAY or
30. In this enmbodirnt, first and second cylinder and piston arrangenments
26, 28 operate first, and third cylinder and piston arrangenent 122 has a
del ayed operatsion. The additional cylinder and 25 piston arrangenent 122

has a center |ine 139, whi g, b SHERRE s bt BRFH Gheldin! "o

said device is a system of one-way check valves.

43. The proportioning system of claim 41 wherein:
10 said device contains a check valve that allows air to flow from the first
cylinder and piston arrangement to the second cylinder and piston arrangement
when the dilution fluid is depleted.

44, The proportioning system of claim 41 including:

15 a flow restrictor placed in the inlet of said first cylinder and piston
arrangement so that when the first cylinder and piston arrangement is drawing the
dilution fluid, a low pressure is developed in the first cylinder and piston
arrangement and when the dilution fluid is depleted and the first cylinder and
piston arrangement is attempting to draw fluid, a high pressure is developed in the

20 first cylinder and piston arrangement.

45. The proportioning system of claim 41 including:
said device has an open and a closed position; and
a flow restrictor piaced in the outlet of said second cylinder and piston
25 arrangement so that when the first and second cylinder and piston arrangements
are expelling their respective fluids, the device is in the closed position.

46. A proportioning system comprising: This Sheet Has Been Replaced

A

a first cylinder and piston arrangement; l llm
30 a second cylinder and piston arrangements;
a dispensing head;



center lines 27, 29 of the first and-secerd—ey-pder—and pj
arrangenents 26, 28. In this arranggnBfit SHEESHAS BELN canﬂmngﬂul“@kﬁm
m xed, and di spensed through the spriay heREPRACEDThe additi enas amgesl N«
this enbodinment is that the pivot porm—32-Ts—30ad]tstable. In this
arrangenment, the adjustability is two-directional, along grooves 124, 125,
and 126, whi qgog;,%%es are located at an angls® to each ot herpcrakot/idss
enbodi ment shown Tn Fig. 5, grooves 124 and 126 approach being

per pendi cul ar to each other. Qther orientations of the grooves can be used
within the spirit amsaidfirs\gylipdersppiston arrangement including a first inlet port adapted
PCT/ US97/ 00984 [ i - F : | T ke ith
ot her nmechani Sr}éfb%?(ﬁbé\?%lc{?gﬁo#ﬂ?&é@ﬂlgg#‘éb@ﬂ'ﬁﬁ aé‘d}"gt' nfl@dgaﬁggnaggrgf?étgﬁtpow
posi tion. Thus,conoected td the difpénsingubeadje of grooves 124, 125 and 126 coul d

be chosen as a new pivot poi,nt .. . .
%aid sed%nd cyhndBé{’ and piston arrangement including a second inlet port

5 adapted to be connected to a second reservoir containing a concentrated fluid and
a second outiet port connected to the dispensing head;
said dispensing head adapted for mixing the dilution fluid from the first
reservoir with the concentrated fluid from the second reservoir; and
a one-way check valve that connects the first cylinder and piston
10 arrangement to the second cylinder and piston arrangement to ensure that if the
dilution fluid is depleted that the concentrated fluid is not dispensed from said
proportioning system, said one-way check valve having an opened and a closed
position;
a first flow restrictor placed in the inlet of said first cylinder and piston
15 arrangement so that when the first cylinder and piston arrangement is drawing the
dilution fluid, a low pressure is deveioped in the first cylinder and piston
arrangement, and when the first dilution fluid is depleted and the first cylinder and
piston arrangement is attempting to draw fluid, a high pressure is developed in the
first cylinder and piston arrangement; and
20 a second flow restrictor placed in the outlet of said second cylinder and
piston arrangement so that when the first and second cylinder and piston
arrangements are expelling their respective fluids, the one-way check vaive is in
the closed position.

25 47. A proportioner for dispensing a mixture of two fluids comprising:

a first reservoir adapted for containing a first fluid;

a second reservoir adapted for containing a second fluid;

a dispensing head;

a first cylinder and piston arrangement adapted for pumping a first fluid
30 from said first reservoir to said dispensing head;

a second cylinder and piston arrangement adapted for pumping a second

fluid from said second reservoir to said dispensing head;
This Sheet Has Been Replaced
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nov|j t he pivot point along any of groouves 124, 125 or 126, the influence
tha}liﬂmm Lﬁ'u) IE" 30 has on the pi $tToHS SHEET MAST BE™E | second, and third
cyl Allarrangenments 26, {28, 1R@riqipgpoes spich that the stroke
of each piston and thus the vol une offturd-ptrped-and expel |l ed by the
first and second cylinder and piston arrangenents 26, 28 varies according
to the pivot pwoms7zéBhus by havi ng an appropri2dt-e di al or ot RFT/HEHNS sm
affixed to the pivot point 32, the end user can 10 vary the vol une

di spensed or the m x rali,0 Jn.th Leld.. Fu it ] hat.,.f.or
ease of manufacture, 3 fruater aférr g;gl%éﬁljgﬂtsa@aﬁ&ggﬁgesgdg%g%oﬁcﬁ? gﬂ\gteﬁ%nbeﬁétgﬁ
spray head. Therarrdrgeivientd;antiory, a one tinme pernmanent adjustnment can be

made to a standard confjguration . in order to use the sane configuration for
Gt feront e rati os SAKLERHARGRBYNG APIFSLRQIG A1 SAI0 PRI JANG PBRIADHR Sbout

triqgger 15 spraygd piBt pSinf'd brder {P6ferhfe 4416 fil®laRl sald $ttoRd cHlirderaandy Sisem
in alarge industrial setting such as wth a washer or a paint mxer, a
conput er cont soldreangeB®@ntan be used to adjust the pivot point in order to
tune the ratio of the fluids m xed and di spensed

48. A proportioner for dispensing a mixture of two fluids comprising:
a first reservoir adapted for cohtaining a first fluid;
a second reservoir adapted for containing a second fluid;
10 a dispensing head;
a first cylinder and piston arrangement adapted for pumping a first fluid
from said first reservoir to said dispensing head;
a second cylinder and piston arrangement adapted for pumping a second
fluid from said second reservoir to said dispensing head;
15 said actuator having a lever arm which pivots about said pivot point;
said first cylinder and piston arrangement provided in operable association
with said lever arm at a first location on said lever arm; and
said second cylinder and piston arrangement provided in operable

association with said lever arm at a second location on said lever arm.

This Sheet Has Been Replaced
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by the proportioning system The conputer controller 130 would reposition
the 20 pivot point 32 in order to adjust the mx ratio as desired for the
particular fluids being m xed or could adaptively change the mx ratio due
to changi ng environnent or manufacturing conditions. Wth respect to Fig.

6, an alternative enbodi ment of the sprayer 20 is depicted. This enbodi nent
i s somewhat si nMOH26886t hat of Fig. 3 with the addition 25 of REFHSHIOMH,
dials, canms, and the |ike for independenfly adj usting the stroke of each of
the cylinder and piston arrangenents 26, é§J In this enbodi ment, the first
cam 128 and second cam 130 are affixed to the actuator 30. By adjusting the
position of the cans relative to the aciguator 30, the length of the stroke
of the first and second pistons 54, 56 @an be either |engthened or

short ened. Su%h 30 adjustnents affect fhe volunme of fluid that i§ punped
by -each of theafirst ang, second cylindef apd piston areangenents g6, 28.
These cans 128,f 130 canfbe for exanple jprow ded with di¥als in order to have

specified setti
0
i

FIG.—1a




WD 97/ 26086 - 11 - PCT/ US97/ 00984
Figs. 7, 8 and 9 are additional enbodinents and variations on the above
enbodi ments. In the enbodinent in Fig. 7, a third cylinder and piston
arrangenment 140 is included and positioned below the first and second
cylinder and piston arrangenents 26, 28. The third cylinder and piston
arrangenment 140¥@9726884 udes a piston 141, a cylinder 143 and PO/ IS4
spring 145. Conduit 147 with check val%g 49 is connected to a reservoir of
fluid, and conduit 151 is connected to ﬁ%hi nozzl e 24. Arrangenent 140 has
a longitudinal axis 153. This third cylinder and piston arrangenent 140,
however, is disposed at an angle with respect to the other two such that
the |l ongitudinal axis 153 of the third cylinder 10 and piston arrangenent
140 is skewed relative to the longitudinal axis of each of the first and

t he- second cylinder and piston arrangenent 26, 28. This being the case, the
i nfl uence of the actuator 30 on the stroksoof the piston 142 is different

24 32

26
ee

S0

30
S92

28

FIG.—2



than if the axis of the third cylinder and piston arrangenent 140 were
parallel to the axes 27, 29 of the first and second cylinder and piston
arrangenents 26, 28. 15 |In the enbodi nent shown, the stroke would be
shortened due to the skewed rel ationship of the axis of the third cylinder
and piston arrangenment 140. Turning to Fig. 8, yet another alternative
enbodi nent of ﬂMg9WﬁW@htion I's depicted. In this enbodi nent, LT (g oS
30 includes first actuator |ever 150 anq%;i ond actuator |ever 152. The
first and second actuator |evers 150, 15 e 20 arranged in such a
relationship so that there is over-travel or lost-notion of one actuator

| ever with respect to the other actuator lever. That is to say, by way of
exanpl e only, by engaging the first actuator |ever 150, and pi gpg it
about . the pivot point 32, the first cylinder and piston arraggenent 26 is
put into operation drawing or punping a fluid. After an intérval, the first

actuator |ever 150 engages 25 the second actuato r 15 ch in turn
engages the second cylinder and piston arrange ' at N\ i nder
and pi ston arrangenent 2886 np or draw fl uid. ' notio
devi ce affords anot her di nensi on~No0 adf us
ce
o1
24
— | | 93— 101 f
26 o8 62
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the mx ratio by, in this case, affecting the stroke of the pistons 54, 56
in the first and second cylinder and piston arrangenents 26, 28. 30

Fig. 9 depicts yet a further alternative enbodi ment of the invention. In
this enbodinment, the first and second cylinder and piston arrangenents 160,
162, are interchangeabl e and repl aceable. Thus for exanple, with this basic
design, in ordeWod2¥8fust the nix ratio efficiently, presel ecREHUHIOPBHer
and piston WO 97/ 26086 - -

PCT/ US97/ 00984 arrangenents can be inserééﬁ11nto the base structure 164.
Such i nterchangeabl e cylinder and piston afrangenents can be exchanged
either in the factory in the standard base|st@icture 164 or in the field in
bot h a handhel d sprayergynd also in a jndustrial or cdBnercial sprayer or

proportioner. 5 TuFming to Figs. #0a 10b, a | ve @rrangenent for
ensuring that | -
/'4——- Q) =
\ (0 e)
o
< -t
(=]
- | ——
A <
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!

113
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concentrated fluid is not punped when the diluting fluid has been depl eted
I s depicted. A schematics of Figs. 10a and 10b can be used in conjunction
with any of the above enbodinents. In Fig. 10a it can be seen that there is
one-way check valve 172 in a 10 conduit 74 which prevents fluids from
entering chanber 71 of cylinder 70 once it has been expelled by the action
of the piston 5WORR2MBpar|ly, there is a one-way check val ve 17BCT/HS93/00984
conduit 177 leading fromthe outl et of ﬁgfgﬁer 73 of the first cylinder and
pi ston arrangenent 26. In addition to t eck valve 174, there is a fl ow
restrictor 176. This flow restrictor 176 is essentially a narrow ng of the
15. conduit over a distance. The enbodi nent of Fig. 10a al so shows a check
val ve shunt 178 which is provided in a conduit 180 whi ch conneel30t he
chanmbers 71, 73 of the first and second cylinder and piston afrangenents
26,28. Finally, in this enbodinent there is an adggti onal fl restrictor
182 placed in the conduit 76 adjacent the inl¢t 72 to the}second kyli nder
and piston arrangenent 28. Condui §520 74 ang' 177 get her 1 uids
fromchanbers 71 and 73 into ceridurt 200 an
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all ow these fluids to m x and conmuni cate with spray head 22 (not shown).
It is noted that the above referenced check valves are preferably

el astoneri c di aphragm or flapper type check valves. The operation of this
systemthen is as follows: The flow restrictor 182 is 25 placed in the
conduit 76 adjacent the inlet 72 to the second (diluting fluid) cylinder
and pi ston arratEIrEa8628 so that when the pistons 54, 56 are BFEHERSHPOIMuid
a low pressure region is formed in the %a nﬁﬁr 71 of the second cylinder
and piston arrangenent 28 which is draw 2 e diluting fluid such as
water. At this tinme, this | ow pressure ensures that the check val ve shunt
178 is closed. The other flow 30 restrictor 176 is placed in the outl et
(conduit 177) of the first (concentrated fluid) cylinder and piston
arrangenment 26, so that when the two pistons are expelling fluid, a high
pressure region is formed in the concentrate chanber 73 of the first

cylinder and piston arrangenent 26. This ensur g that the check val ve shunt
178
24 W ' 26
‘ . 58
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WD 97/ 26086 - 13 - PCT/ US97100984
remai ns cl osed. When the diluting fluid or water runs out, air is drawn
into the chanber 71 of the second (diluting fluid) cylinder and piston
arrangenment 28, and the pressure drop across the inlet flow inhibitor 182
Is small, and thus the pressure within the chanber 71 is higher than the
pressure of thavepH?f8s 73 drawing in 5 the concentrate. Thi s PEAHPEWBHat
t he check val ve shunt 178 opens and thag}ﬁiﬁ enters the concentrate chamnber
73. Accordingly, neither diluting fluid?n concentrated fluid reaches
conduit 200 and thus, no such fluids are sprayed out. Fig. 10b is simlar
to Fig. 10a with the exception that the f| festrictors 176, 182 are
renoved. It is to be understood that by fhe proper selection of the 10

di aneters of the tubing that éhﬁladvant geous feature of Fig. 10a can be

acconplished in Fig. 10b wi thou
specified in Fig2 10a. Industrial Appli
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15 Fromthe above, it can be seen that an advantageous proportioning
system has been specified which can change the mx ratio as desired and
whi ch avoi ds the dispensing of a concentrated fluid should the diluting
fluid be depleted. Any of the above inventive enbodi nents can be scal ed up
froma handheld configuration to a |arge conmmercial or industrial
application suchWa¥26886 exanple a 20 paint or epoxy proporti on8CTUSEHes4
aspects, objects and advantages of the bgv%ﬂéion can be obtained froma
review of the figures and the appended éi . It is to be understood that
ot her enbodi nents of the present invention be devel oped and be within the
spirit and scope of the invention as cl ai ned. 14 CLAI M5
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1. A proportioning systemconprising a first cylinder and piston
arrangenent; a second cylinder and piston arrangenent; a dispensing head;
said first cylinder and piston arrangenent including an inlet port adapted
to be connected to a first reservoir containing a dilution fluid and an
outl et port connected to the dispensing head; said second cylinder and

pi st on arrangengoio7séssd udi ng an inlet port adapted to be conneRATIFEFBOEE
second reservoir containing a concentratég fluid and an outlet port
connected to the dispensing head; said & ﬂénsing head adapted for m xing
the dilution fluid fromthe first reservoir wwth the concentrated fluid
fromthe second reservoir; and a valve that connects the first cylinder and
pi ston arrangenent to the second cylinder and piston arrangenent to ensure

20
ee / 58
24 \ 160 164

|_— 62

g2

32

64
50 ——— <T-
8 é%_tz';
30 54/ 60
- 26
88 84
29

a2 \

N
56»80 /1/225%53;5;)/ L/’-66

X

FIG.—9



that if said dilution fluid is depleted that said concentrated fluid is not
di spensed from sai d proportioning system 2. The proportioning system of
claim1l1, wherein said valve device is a system of one-way check val ves. 3.
The proportioning systemof claiml1, wherein said val ve device contains a
check valve that allows air to flow fromthe first cylinder and piston
arrangenent towéensesond cylinder and piston arrangenent whePCQIfESsIHia9%t i on
fluid is depleted. 4. The proportioning systen1of claim1, including a
flow restrictor placed in the inlet of 194itlfirst cylinder and piston
arrangenment so that when the first cylinder and piston arrangenent is
drawing the dilution fluid, a |low pressure is developed in the first
cyl i nder
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and pi ston arrangenent and when the dilution fluid is depleted and the
first cylinder and piston arrangenent is 15 attenpting to draw fluid, a
hi gh pressure is developed in the first cylinder and piston arrangenent. 5.
The proportioning systemof claiml1, including said device has an open and
a closed position; and a flow restrictor placed in the outlet of said
second cyl i nder vapehgsosst on arrangenment so that when the first XEWUSTHHPS
cylinder and piston arrangenents are expelling their respective fluids, the
device is in the closed position. 6. 1A/ptbportioning system conprising a
first .
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cyl i nder and pi.ston RL EQGHEEN éﬂafpond cylinder a C}d S?stén7;%};?genent

a di spensi ng head;

first

inlet port adapteéd t 388 ected to a first reservoir cont
dilution fluid and affirst o‘uﬁ i;

Sl G445+ Reer| and piston arfpoerehy Kggklepg a

Itning a
I t| connectggdhérutdendespensopthdwarbog

sai d second cylinder {apd piston_arrahgenment including a second inlet port

fluid and a second owt-l-et-port—-connested to the dispensi

adapted to be connected to a second regservoir{gontaining BI @ m
di spensi ng head adapted for m xing the dilutigmul uid fr ﬂE

reservoir with the concentrated fluid fromthe Second reservoir;, and a
one-way check val ve t hdlt- coﬁhé@@@oﬁﬁeoﬂﬂﬂ§tsﬁﬁrﬁﬁdéPmEﬁﬁ°b@%t%nthF§angenent

to the second cyli
dilution fluid i

A AN SR 3N ARGaRERhehe ; €BSYECoAdaty1indde and
piston arrangement; a dispensing heac; said first
cylinder and piston arrangement including an inlet port
adapted to be connected to a first reservoir containing a
dilution fluid and an outlet port cconnectad to the
dispensing head; said second cylinder and piston
arrangement including an inlet port adapted to be
connected to a second reservoir containing a concentratad
fiuid and an outlet port connected to the dispensing
head; said dispensing head adapted for mixing the
dilution fluid from the first reservoir with the
concentrated fluid from the second reservolr; and a valve
that connects the first cylinder and piston arrangement
to the second cylinder and piston arrangement to ensure
that if said dilution fluid is depleted that said
concentrated fluld is not dispensed from said
proportioning system.

2. The proportioning system of claim 1, wherein
said valve device is a system of cne-way checX valves.

3. The proporticning system of claim 1, wherein
said valve device contains a check valve that allows air
to flow from the first cylinder and piston arrangement tc
the second cylinder and piston arrangement when the
dilution fluid is depleued

4. The proportioning system of claim 1, including
a flow restrictor placed in the inlet of said first
cylinder and pisten arrangement so that when the first
cylinder and piston arrangement is drawing the diluticen
fluid, a low pressure is developed in the first cylinder
and piston arrangement and when the dilution fluid 1is

depleted and the f£irst cylinder and piston arrangement is

s v o
23 \\Q\"t"\

A



depl eted that the condggﬁg&ggﬂgmqug

proportioni ng system C
a finstt flow restrictof placed in the inlet of said first
t

cl osed position;

cylinder and piston afrangereRE!s§%% hh

™

Aeerl ot o epense MR

D

e~ \Wary
whenglBstifute Sheey -2 ©ctaber PBSBON

arrangenment is drawing the dilution fluld, a |ow pressure is devel oped in
the first cylinder and piston arrangenmept, ang when the first dilution

fluid is depl eted and it-he-first--cylindelr and

?St on arrangenent S

attenpting to draw fluid, a high pressure is develoged i n islggéee first

cylinder and pi st 8% C&FPAAGEMERL STaNdt Ausdcomgnigh pressuse

loped in
the first cylinder and piston arrangement.

S. The proportioning system of claim 1, including
said device has an open and a closed position; and a flow
restrictor placed in the outlet of sald second cylinder
and piston arrangement so that when the first and second
cylinder and piston arrangements are expelling their
respective fluids, the device is in the closed position.

6. A proportioning system comprising a first
cylinder and piston arrangement; a second cylinder and
piston arrangement; a dispensing head; said first
cylinder and piston arrangement including a f£irst inlet
port adapted to be connected to a first reservoir
containing a dilution fluid and a first outlet port
connected to the dispensing head; said second cylinder
and piston arrangement including a second inlet port
adapted to be connected toc a second reservoir containing
a concentrated fluid and a second cutliet port connected
to the dispensing head; said dispensing head adapted for
mixing the dilution fluid from the first reservoir with

the concentrated £fluid from the second reservoir; and a

h
3]

one-way check valve that connects the first cylindex and

¥

piston arrangement to the second cylinder and piston
arrangement to ensure that if the dilution f£fluid is
depleted that the concentrated fluid is not dispensed
from said propertiéning system, said one-way check valve
having an opened and z closed position:; a first flow
restrictor placed in the inlet ¢f said fi
pisten arrangement so that when the f
piston arrangement is drawing the dilution
pressure 1s developed in the first cylinder an
arrangement, and when the first dilution fliuid i
depleted and the first cylinder and piston arrangement is
h s

attempting to draw fluid, a sure is developed in



flow restrictor pl aced in the outlet of said second cylinder and piston

arrangenent so that when the first and second cylinder and piston
t he one-way check val ve

arrangenents are e ' e hespective fluids,
is in the closed p g Hm " ﬁml ”l T Substitute sheet - 22 October 19989
* [« L L] 3 *
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the first cylipder and piston arrangement; and a second
flow réstrictor placed in the outlet of said second
cylinder and piston arrangement so that when the first
and second cylinder and piston arrangements are expelling

their respective fluids, the one-way check valve is in

the closed position.
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