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FOAM DISPENSING SYSTEMS, PUMPS AND REFILL UNITS HAVING HIGH AIR
TO LIQUID RATIOS

RELATED APPLICATIONS

[0001] The present invention claims priority to, and the benefits of: U.S. Provisional
Application serial No. 62/258,173 filed on November 20, 2015 and titled FOAM
DISPENSING SYSTEMS, PUMPS AND REFILL UNITS HAVING HIGH AIR TO
LIQUID RATIOS; U.S. Provisional Application serial No. 62/263,349 filed on December 4,
2015 and titled SEQUENTIALLY ACTIVATED MULTI-DIAPHRAGM FOAM PUMPS,
REFILL UNITS AND DISPENSER SYSTEMS; U.S. Provisional Application serial No.
62/293,931 filed on February 11, 2016 and titled HIGH QUALITY NON-AEROSOL HAND
SANITIZING FOAM; U.S. Provisional Application serial No. 62/319,061 filed on April 6,
2016 and titled SEQUENTIALLY ACTIVATED MULTI-DIAPHRAGM FOAM PUMPS,
REFILL UNITS AND DISPENSER SYSTEMS; and U.S. Non-Provisional Patent
Application Serial No. 15/355,112 filed on Nov. 18, 2016 and titled SEQUENTIALLY
ACTIVATED MULTI-DIAPHRAGM FOAM PUMPS, REFILL UNITS AND DISPENSER
SYSTEMS. Each of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates generally to pumps, refill units for foam dispenser
systems, and more particularly to sequentially activated multi-diaphragm foam pumps for

mixing liquid soap, sanitizer, or lotion with air to create and dispense a foam product.

BACKGROUND OF THE INVENTION

[0001] Liquid dispenser systems, such as liquid soap and sanitizer dispensers, provide a user
with a predetermined amount of liquid upon actuation of the dispenser. In addition, it is

sometimes desirable to dispense the liquid in the form of foam by, for example, injecting air
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into the liquid to create a foamy mixture of liquid and air bubbles. Typical foam dispensers

for dispensing foams have an air to liquid ration of about 7 to 1.

SUMMARY

[0002] The present application discloses exemplary embodiments of sequentially activated
multi-diaphragm foam pumps and dispenser systems having sequentially activated multi-

diaphragm foam pumps.

[0003] An exemplary foam dispenser system includes a housing, a container, a motor, an air
pump, a foam pump, a first mixing chamber, a second mixing chamber, a foam cartridge, and
an outlet for dispensing foam. The container holds a foamable liquid. The foam pump has a
liquid pump portion that pumps liquid, and an air pump portion that pumps air. The first
mixing chamber is located downstream of the liquid pump portion and the air pump portion,
and the liquid and the air mix in the first mixing chamber to create a first foam mixture. The
second mixing chamber is located downstream of the first mixing chamber and the air pump,
and the first mixture and air from the air pump mix in the second mixing chamber to create a
second foam mixture. The second foam mixture travels through the foam cartridge and exits

the outlet as rich foam.

[0004] Another exemplary foam dispenser includes a housing, a receptacle for receiving a
refill unit, a motor, an air pump drive, a permanent air pump having an air pump outlet, a
foam pump drive, and a removable foam pump. The air pump drive drives the permanent air
pump. The foam pump drive drives the removable foam pump. The removable foam pump
is removable and is part of the refill unit. The removable foam pump includes a plurality of
diaphragm pump chambers. At least one diaphragm pump chamber pumps liquid, and at

least two diaphragm pump chambers pump air.

[0005] Another exemplary foam dispenser includes a housing, a motor, an air pump secured
to the housing, and a refill unit. The air pump has an air pump outlet. The refill unit has a
container for holding foamable liquid, a foam pump, a first mixing chamber, a second mixing
chamber, a foam cartridge, and an outlet. The foam pump has a liquid pump portion that
pumps liquid and an air pump portion that pumps air. The first mixing chamber is located
downstream of the liquid pump portion and the air pump portion, and the liquid and the air

mix in the first mixing chamber to create a first foam mixture. The refill unit is releasably
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attachable to the air pump in a manner that allows the air pump outlet to be in fluid
communication with the second mixing chamber of the refill unit. The second mixing
chamber is located downstream of the first mixing chamber, and the first foam mixture mixes
with air in the second mixing chamber to create a second foam mixture. The second foam

mixture travels through the foam cartridge and exits the outlet as rich foam.

[0006] An exemplary refill unit for a foam dispenser includes a container for holding
foamable liquid, a foam pump, a first mixing chamber, a second mixing chamber, an air inlet
into the second mixing chamber for receiving air from a second air pump secured to a
dispenser, and a foam pump drive connector. The foam pump has a liquid pump portion that
pumps liquid and an air pump portion that pumps air. The first mixing chamber is located
downstream of the liquid pump portion and the air pump portion, and liquid and air mix in
the first mixing chamber to create a first foam mixture. The second mixing chamber is
located downstream of the first mixing chamber, and the second mixing chamber receives the
first foam mixture. The air inlet into the second mixing chamber receives compressed air
from the second air pump that is secured to the dispenser to mix with the first foam mixture.
When the refill unit is installed in the dispenser, the air inlet is in fluid communication with
the second air pump. When the refill unit is removably installed in the dispenser, the foam
pump drive connector is coupled to a motor that is permanently secured to the foam dispenser

and rotation of the motor drives the foam pump.

[0007] Another exemplary foam dispenser includes a housing, an air pump secured to the
housing and a motor secured to the housing. A replaceable refill unit may be inserted in the
housing. The replaceable refill unit includes a container for holding foamable liquid and a
foam pump secured to the container. The foam pump has a liquid pump portion that pumps
liquid and an air pump portion that pumps air. The refill unit includes a mixing chamber for
mixing the liquid and air pumped from the foam pump on the refill unit with air pumped from
the air pump that is secured to the housing. The refill unit also includes a foam cartridge

and an outlet for dispensing foam.

[0008] An exemplary foam dispenser for dispensing foam having an air to liquid ratio of
greater than about 15 to 1 includes a housing, a motor located within the housing, a holder for
retaining a container with a foamable liquid and a foam pump. The foam pump has a

liquid pump diaphragm, and at least three air pump diaphragms. A mixing chamber is
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located downstream of the liquid pump diaphragm and the at least three air pump
diaphragms. The foam pump also includes an outlet. The liquid pump diaphragm and the at

least three air pump diaphragms are operated sequentially.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1is an exemplary embodiment of a refill unit for a foam dispenser.

[0010] FIG. 2 is an exemplary embodiment of a foam dispenser.

[0011] FIG. 2A is the exemplary foam dispenser of FIG. 2 with the exemplary refill unit of
FIG. 1 installed.

[0012] FIG. 3 is an exploded view of an exemplary embodiment of a sequentially activated

multi-diaphragm foam pump taken from a first perspective.

[0013] FIG. 4 is an exploded view of the exemplary embodiment of the sequentially activated

multi-diaphragm foam pump of FIG. 3 taken from a second perspective.

[0014] FIG. 5 is a top view of an exemplary diaphragm assembly for the exemplary

embodiment of the sequentially activated multi-diaphragm foam pump of FIG. 3.

[0015] FIG. 6 s a bottom view of the exemplary diaphragm assembly of FIG. 5.

[0016] FIG. 7 is a top view of an exemplary valve seat for the exemplary embodiment of the

sequentially activated multi-diaphragm foam pump of FIG. 3.

[0017] FIG. 8 is a bottom view of the exemplary valve seat of FIG. 7.

[0018] FIG. 9 is a top view of an exemplary diaphragm assembly seat for the exemplary

embodiment of the sequentially activated multi-diaphragm foam pump of FIG. 3.

[0019] FIG. 10A is a cross-sectional view taken along the lines A-A of FIGs. 5-9 of a liquid
pump portion of the sequentially activated multi-diaphragm foam pump of FIG. 3.
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[0020] FIG. 10B is a cross-sectional view taken along the lines B-B of FIGs. 5-9 of a first air
pump portion of the sequentially activated multi-diaphragm foam pump of FIG. 3.

[0021] FIG. 10C is a cross-sectional view taken along the lines C-C of FIGs. 5-9 of a second
air pump portion of the sequentially activated multi-diaphragm foam pump of FIG. 3.

[0022] FIG. 11 is a cross-sectional view of another exemplary embodiment of a sequentially

activated multi-diaphragm foam pump.

[0023] FIG. 12 is another exemplary embodiment of a foam dispenser.

[0024] FIG. 13 is a perspective view of an exemplary embodiment of a refill unit for a foam

dispenser.

[0025] FIG. 14 is the exemplary embodiment of the foam dispenser of FIG. 12 without the
refill unit of FIG. 13 installed.

[0026] FIG. 15 is a cross-sectional view of a portion of the exemplary foam dispenser of FIG.

12 showing an exemplary foam pump and an exemplary air pump.

[0027] FIG. 16 is a cross-sectional perspective view of a portion of the exemplary refill unit

of FIG. 13.

[0028] FIGs. 17A-17D are exemplary embodiments of second mixing chambers and outlets.

DETAILED DESCRIPTION

[0029] The present application discloses exemplary embodiments of multi-diaphragm foam
pumps. Some exemplary embodiments operated the multi-diaphragm foam pumps
sequentially. Some exemplary embodiments include a foam pump and an air pump. Some
exemplary embodiments include a sequentially activated multi-diaphragm foam pump and a
sequentially activated multi-diaphragm air pump. Some exemplary embodiments include a
wobble plate and three or more pump diaphragms. The three or more pump diaphragms
include at least one liquid pump diaphragm and at least two air pump diaphragms. Each
liquid pump diaphragm has a liquid inlet for receiving concentrated liquid, such as, for

example, a soap, a sanitizer, or a lotion, and each air pump diaphragm has an air inlet for
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receiving a gas, such as, for example, ambient air. The three or more pump diaphragms
operate sequentially, and each pump diaphragm operates once in an operating cycle. An
exemplary operating cycle begins with the operation of a liquid pump diaphragm.
Additionally, the sequentially activated multi-diaphragm foam pump includes a mixing
chamber. Each liquid pump diaphragm pumps liquid into the mixing chamber, and each air

pump diaphragm pumps ambient air into the mixing chamber.

[0030] The liquid mixes with the ambient air in the mixing chamber to create a foam mixture
that is dispensed out of the pump outlet. In some embodiments, the foam mixture has an air
to liquid ratio of greater than about 5 to 1. In some embodiments, the air to liquid ratio is
greater than about 7 to 1, and in some embodiments, the air to liquid ration is greater than
about 10 to 1. In exemplary embodiments that have a single foam pump, the liquid to air
ratio may be greater than about 10 to 1, greater than about 15 to 1, greater than about 20 to 1,

or even greater than 20 to 1.

[0031] In some exemplary embodiments, a flow control valve (not shown) is located between
the container of foamable liquid and the pump to adjust the liquid to air ratio. If a higher
liquid to air ratio is desired, the flow control valve is set at a lower flow rate that starves the
liquid pump diaphragm. Conversely, to increase the liquid to air ratio, the flow control valve
may be opened wider allowing more liquid to flow into pump. In some embodiments, the
liquid pump diaphragm may have a different volume than the air pump diaphragms to adjust
the ratio of liquid to air. In some embodiments, the volume of the liquid pump diaphragm is
reduced by inserting a sponge (not shown) in the liquid pump diaphragm. Not only does the
sponge (not shown) reduce the volume, but in some embodiments, slows the flow of liquid
through the liquid pump diaphragm. In some embodiments, the sponge increases the

expansion rate of the liquid pump diaphragm allowing it to re-prime faster.

[0032] In some exemplary embodiments, a second air pump and second mixing chamber are
included. In some embodiments, these components are part of a disposable refill unit. Air an
liquid pumped from the sequentially activated multi-diaphragm foam pump flows through
the first mixing chamber flow into the second mixing chamber. Air from the second air
pump is pumped into the second mixing chamber to mix with the foam mixture and
dispensed. In these exemplary embodiments, the air to liquid ratio is greater than about 20 to

1. In some embodiments, the air to liquid ratio is greater than about 30 to 1, and in some
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embodiments is greater than about 40 to 1 and in some embodiments is about 50 to 1. In

some embodiments, the second air pump is a sequentially activated multi-diaphragm air

pump.

[0033] The sequentially activated multi-diaphragm foam pumps may be used in foam
dispensers. An exemplary foam dispenser comprises a housing, a motor, a refill unit, a
sequentially activated multi-diaphragm foam pump, and a foam cartridge. The pump
receives a foamable liquid from the refill unit, mixes the foamable liquid with air to create a
foam mixture, forces the foam mixture through the foam cartridge to enrich the foam, and
dispenses the foam to a user. Some exemplary foam dispensers include a second air pump
and a second mixing chamber which increases the ratio of air to liquid. In some
embodiments, the addition of the second mixing chamber and/or the directions at which air
from the second air pump and the liquid/air mixture from the first pump violently mixes up

the mixture and enhances the foam.

[0034] FIG. 1 illustrates an exemplary refill unit 100 for an exemplary foam dispenser. The
refill unit 100 includes a collapsible container 102. Collapsible container 102 includes a neck
103 and a drip-free quick connector 104. Exemplary drip-free quick connectors are disclosed
in U.S. Patent No. 6,871,679 titled Bag and Dispensing System Comprising Such A Bag, and
U.S. Pat. No. 7,647,954 titled Connector Apparatus And Method For Connecting The Same
For Controlling Fluid Dispensing, which are incorporated herein by reference in their
entirety. Disposable refill units contain a supply of a foamable liquid. In wvarious
embodiments, the contained foamable liquid could be for example a soap, a sanitizer, a
cleanser, a disinfectant, a lotion or the like. The container may be a non-collapsing container
formed by a rigid housing member, or any other suitable configuration for containing the
foamable liquid without leaking. In the case of a non-collapsing container, a vent system
may be included. Exemplary venting systems are disclosed in U.S. Patent Applications
Publication No. 2015/0266657 titled Closed system for venting a dispenser reservoir;
Publication No. 2015/025184 titled Pumps With Container Vents and Application No.
14/811,995, titled Vented Refill Units And Dispensers Having Vented Refill Units, which are
incorporated herein by reference , in their entirety. In other embodiments, the container is a

collapsible container and can be made of thin plastic or a flexible bag-like material.
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[0035] FIG. 2 illustrates an exemplary embodiment of a touch-free foam dispenser 200. The
touch-free foam dispenser 200 includes a housing 202, a motor 204, a foam pump 206, a
refill unit connector 208, a foam cartridge 210, and a nozzle 212. Exemplary embodiments of
foam cartridges 210 are shown and described below with respect to Figure 13. A refill unit
100 may be connected to the refill unit connector 208 as shown in FIG. 2A. The refill unit
100 contains a foamable liquid, such as a soap, a sanitizer, a lotion, a cleanser, a disinfectant
or the like. The touch-free foam dispenser 200 is activated when sensor 214 detects the
presence of a user or object. Upon detection of an object or user, the sensor 214 provides a
signal to the processor (not shown) in the electronic control board 216. The electronic control
board 216 provides an output signal that causes the motor 204 to rotate an eccentric wobble
plate actuator drive mechanism 301. The sensor 214 and the electronic control board 216
receive power from a power source 218. In some embodiments, the motor 204 receives
power from the power source 218, and, in other embodiments, the refill unit includes a power
source (not shown) that provides power to a rechargeable power source (not shown).
Exemplary embodiments of refill units with power supplies that provide power to the wobble
plate actuator drive mechanism 301 are shown and described in U.S. Publication No.
2014/0234140 titled Power Systems For Touch Free Dispensers And Refill Units Containing
A Power Source, which is incorporated herein in its entirety by reference. Providing power
to the motor 204 causes wobble plate actuator drive mechanism 301 to rotate. Rotation of
wobble plate actuator drive mechanism 301 sequentially compresses and expands the
diaphragms of foam pump 206 and pumps liquid and ambient air into mixing chamber 325.
The liquid and air mix together and form a foam mixture. The foam mixture is forced
through the foam cartridge 210, which creates a rich foam. The rich foam is dispensed from

the foam dispenser 200 through the nozzle 212.

[0036] The refill unit 100 and the foam dispenser 200 illustrated in FIGs. 1 and 2,
respectively, are drawn generically because a variety of different components may be used
for many of the refill unit 100 and the foam dispenser 200. Although foam pump 206 is
illustrated generically above, it is described in detail below. Some exemplary dispenser
components that may be used in accordance with the present invention are shown and
described in U.S. Patent No, 8,960,498 titled Touch-Free Dispenser With Single Cell
Operation And Battery Banking; U.S. Pat. Pub. No. 2014/00543.22 titled Off-Axis Inverted
Foam Dispensers And Refill Units and Pub. No. 2014/0234140 titled Power Systems For
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Touch Free Dispensers And Refill Units Containing A Power Source, which are incorporated

herein by reference in their entirety.

[0037] FIG. 3 is an exploded view of an exemplary embodiment of foam pump 206. Foam
pump 206 is driven by motor 204. Foam pump 206 includes a pump base 324, a wobble plate
314, a diaphragm assembly seat 312, a diaphragm assembly 310, a valve seat 308, outlet
valves 323A, 323B, 323C, screws 302, and a cover 348. The valve seat 308, diaphragm
assembly seat 312, and pump base 324 are secured together by screws 302 in screw holes
308A, 312A, 324A. The cover 348 is attached to the valve seat 308. Outlet valves 323A,
323B 323C are secured to and seated in the valve seat 308.

[0038] The diaphragm assembly 310 includes three pump diaphragms 310A, 310B, 310C,
and each pump diaphragm 310A, 310B, 310C has a connector 311A, 311B, 311C. The
diaphragm assembly 310 is located in the diaphragm assembly seat 312. The pump
diaphragms 310A, 310B, 310C are disposed in the receiving holes 313A, 313B, 313C of the
diaphragm assembly seat 312, and the three connectors 311A, 311B, 311C connect to the
wobble plate 314 by inserting the three connectors 311A, 311B, 311C in the three wobble
plate holes 314A, 314B, 314C.

[0039] Ambient air enters the foam pump 206 through pump air inlet 424B (FIG. 4), and
liquid, such as for example, foamable soap or sanitizer enters the foam pump 206 through
liquid inlet 352. Two of the pump diaphragms 310B, 310C receive ambient air, and the other

pump diaphragm 310A receives foamable liquid, such as, for example soap or sanitizer.

[0040] FIG. 4 is another exploded view of the exemplary foam pump 206 from a different
perspective. As described above, the diaphragm assembly 310 includes three pump
diaphragms 310A, 310B, 310C. Each pump diaphragm 310A, 310B, 310C has a
corresponding inlet valve 316A, 316B, 316C (better seen in FIGs. 5 and 6). FIG. 4 also
provides a view of the bottom of the valve seat 308. The bottom of valve seat 308 has three
areas that correspond to the three pump diaphragms 310A, 310B, 310C. Each area has three
fluid outlet apertures 309A, 309B, 309C that extend through valve seat 308, a valve stem
retention aperture 329A, 329B, 329C (FIG. 7), and a fluid inlet groove 319A, 319B, 319C.
The fluid inlet grooves 319A, 319B, 319C do not extend through valve seat 308.
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[0041] FIGs. 5 and 6 illustrate a top view and a bottom view, respectively, of the exemplary
diaphragm assembly 310 for foam pump 206. In some embodiments, the diaphragm
assembly is made of natural rubber, EPDM, Silicone, Silicone rubber TPE, TPU, TPV, vinyl,
or the like. The diaphragm assembly 310 includes three molded pump diaphragms 310A,
310B, 310C and three corresponding inlet valves 316A, 316B, 316C. The top of the
diaphragm assembly 310 acts as a sealing gasket. The top of the diaphragm assembly 310
has a flat section 310F, and each pump diaphragm 310A, 310B, 310C has gasket walls 327A,
327B, 327C that surround the respective valves 316A, 316B, 316C and pump diaphragms
310A, 310B, 310C. The gasket walls 327A, 327B, 327C seal against the bottom of the valve
seat 308 (FIG. 4 and FIG. 8) to prevent fluid, such as, air and liquid soap or sanitizer from
leaking out of the foam pump 206 at a location other than the pump outlet 350 (FIG. 3). One-
way inlet valves 316A, 316B, 316C allow ambient air, liquid soap, or sanitizer to enter the
pump diaphragms 310A, 310B, 310C when the pump diaphragms 310A, 310B, 310C have a
negative pressure (i.e., when the pump diaphragms 310A, 310B, 310C are expanding), and
seal against inlet apertures 321A, 321B, 321C when the pump diaphragms 310A, 310B, 310C
have a positive pressure (e.g. when the pump diaphragms 310A, 310B, 310C are
compressing). The one-way inlet valves 316A, 316B, 316C are formed by flexible tabs and

are made of the same material as the diaphragm assembly 310.

[0042] FIG. 7 is atop view of an exemplary valve seat 308 for the foam pump 206. One-way
liquid outlet valve 323 A is shown transparently to more clearly illustrate the flow of liquid
331A through liquid outlet apertures 309A and into mixing chamber 325. One-way liquid
outlet valve 323A includes a valve stem 357A (FIG. 3) that is inserted into aperture 329A to
secure one-way liquid outlet valve 323A to valve seat 308. One-way liquid outlet valve
323A is normally closed and prevents air or liquid from flowing from the mixing chamber
325, back through liquid outlet apertures 309A, and into liquid pump diaphragm 310A. One-
way liquid outlet valve 323 opens when liquid pump diaphragm 310A is being compressed to

pump fluid.

[0043] Similarly, one-way air outlet valves 323B, 323C are shown transparently to more
clearly illustrate the flow of air 331B, 331C through air outlet apertures 309B, 309C and into
mixing chamber 325. One-way air outlet valves 323B, 323C each include a valve stem 357B,
357C (FIG. 3) that are inserted into corresponding apertures 329B, 329C to secure the one-

way air outlet valves to valve seat 308. One-way air outlet valves 323B, 323C are normally

10



WO 2017/087930 PCT/US2016/063011

closed and prevent air or liquid from flowing from the mixing chamber 325, back through air
outlet apertures 323B, 323C, and into air pump diaphragms 310B, 310C. One-way air outlet
valves 323B, 323C open when corresponding air pump diaphragms 310B, 310C are being

compressed to pump air.

[0044] The valve seat 308 also includes flow directional control walls 308E. The flow
directional control walls 308E provide flow paths that aid in the mixing of liquid and air. In
this embodiment the flow directional control walls 308E are curved and cause the liquid and
air to intersect in a tangential relationship. In some embodiments, flow directional control
walls 308E are designed and arranged to cause the liquid an air to intersect at a desired angle,
such as, for example, each flow path may intersect at a 120 degree angle. In some
embodiments, the flow directional control walls 308E are arranged so that the two air paths
intersect the liquid flow path at about 180 degrees. The design of the flow path intersection
may be different for different types of liquids, for example, a higher quality of foam may be
obtained by causing the liquid soap to be intersected head on (180 degrees) by the two air
flow paths, while a higher quality foam may be obtained for foamable sanitizer by having the

air paths tangentially intersect with the liquid path.

[0045] FIG. 8 is a bottom view of the exemplary valve seat 308 for the foam pump 206. The
valve seat 308 includes three liquid outlet apertures 309A that pass through valve seat 308
and a liquid outlet valve aperture 329A for retaining one-way liquid outlet valve 323A.
Valve seat 308 also includes a liquid inlet groove 319A that extends partially into valve seat
308 to provide a liquid path from one-way liquid inlet valve 316A to the interior of liquid
pump diaphragm 310A. In addition, the valve seat 308 includes a first set of three air outlet
apertures 309B that pass through valve seat 308, and a second set of three air outlet apertures
309C that pass through valve seat 308. Also, valve seat 308 includes air outlet valve
apertures 329B, 329C for retaining one-way air outlet valves 323B, 323C, and air inlet
grooves 319B, 319C that extend partially into valve seat 308 to provide an air path from one-
way air inlet valves 316B, 316C to the interior of air pump diaphragms 310B, 310C.

[0046] FIG. 9 1is a top view of an exemplary diaphragm assembly seat 312 for the exemplary
embodiment of a foam pump 206. The diaphragm assembly seat 312 includes three receiving
holes 313A, 313B, 313C and three inlet apertures 321A, 321B, 321C. In fluid

communication with inlet aperture 321A 1is liquid inlet 352 which may be coupled to the

11
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liquid outlet of container 102. Each receiving hole 313A, 313B, 313C is sized to receive a
diaphragm 310A, 310B, 310C. Each inlet aperture 321A, 321B, 321C extends through
diaphragm assembly seat 312 and allows either ambient air, liquid soap, or sanitizer to enter

one of the diaphragms 310A, 310B, 310C.

[0047] FIG. 10A is a cross-sectional view taken along the lines A-A of FIGs. 5-9 showing
the liquid pump portion of foam pump 206. In operation, liquid pump diaphragm 310A is
moved downward, as shown by reference number 350B, to expand pump chamber 1002,
which causes liquid inlet valve 316A to open allowing liquid to be drawn into pump chamber
1002 through liquid inlet 352, inlet aperture 321A, and liquid inlet groove 319A. Once the
pump chamber 1002 is expanded it is primed with liquid, such as, for example, liquid soap or
sanitizer. When the liquid pump diaphragm 310A is compressed (i.e. the liquid pump
diaphragm 310A moves in the direction shown by reference number 350A), the liquid is
pumped in the direction shown by reference number 340A. The liquid travels through liquid
outlet apertures 309A, past one-way liquid outlet valve 323 A and into mixing chamber 325.
One-way liquid outlet valve 323A is normally closed, but one-way liquid outlet valve 323A
opens due to pressure caused by compressing liquid pump chamber 1002. One-way liquid
outlet valve 323A prevents air or liquid from flowing back through liquid outlet apertures
309A and into liquid pump diaphragm 310A. Subsequently, the liquid pump diaphragm
310A begins to expand, which starts the process again by causing liquid inlet valve 316A to
open, and liquid is drawn into liquid pump chamber 1002 through liquid inlet aperture 321A
and liquid inlet groove 319A. A operating cycle of foam pump 206 includes one pump of
liquid from liquid pump diaphragm 310A through liquid outlet apertures 309A, past liquid
outlet valve 323A, and into mixing chamber 325 (FIG. 7) (followed by two pumps of air as

described below).

[0048] FIGs. 10B and 10C are a cross-sectional view taken along the lines B-B and C-C,
respectively, of FIGs. 5-9 showing the air pump portions of foam pump 206. In operation, air
pump diaphragms 310B, 310C are moved downward, as shown by reference number 350B, to
expand air pump chambers 1004, 1006, which causes air inlet valves 316B, 316C to open
allowing ambient air to be drawn into pump chambers 1004, 1006 through air inlet apertures
321B, 321C and air inlet grooves 319B, 319C. Once the pump chambers 1004, 1006 are
primed with air, the air pump diaphragms 310B, 310C may be compressed (moved in the

direction shown by reference number 350A). Compression of air pump diaphragms 310B,
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310C pump the air in the direction shown by reference number 340A. The air travels through
air outlet apertures 309B, 309C, past one-way air outlet valves 323B, 323C, and into mixing
chamber 325 to mix with the foamable liquid. One-way air outlet valves 323B, 323C are
normally closed, but one-way air outlet valves 323B, 323C open due to pressure caused by
compressing air pump chambers 1004, 1006. One-way air inlet valves 323B, 323C prevent
air or liquid from flowing back through air outlet apertures 309B, 309C and into air pump
diaphragms 310B, 310C. Subsequently, the air pump diaphragms 310B, 310C begin to
expand, which starts the process again by causing air inlet valves 316B, 316C to open, and
ambient air is drawn into air pump chambers 1004, 1006 through air inlet apertures 321B,
321C and air inlet grooves 319B, 319C. An operating cycle of foam pump 206 includes one
pump of liquid (as described above) followed by one pump of air from air pump diaphragm
310B through air outlet apertures 309B, past air outlet valve 323B, and into mixing chamber
325 (FIG. 7). In addition, an operating cycle of foam pump 206 includes one pump of
ambient air from air pump diaphragm 310C through air outlet apertures 309C, past air outlet

valve 323C, and into mixing chamber 325 (FIG. 7).

[0049] The diaphragms 310A, 310B, 310C operate sequentially, in which one sequence of
operation includes one pump of liquid, such as, for example, soap or sanitizer, or ambient air
by each of the three pump diaphragms 310A, 310B, 310C. The order of operation of the
pump diaphragms 310A, 310B, 310C is dependent upon the configuration of the wobble plate
314 (FIG. 3). As shown in FIG. 3, each pump diaphragm 310A, 310B, 310C has a connector
311A, 311B, 311C, and the three pump diaphragms 310A, 310B, 310C connect to the wobble
plate 314 by inserting the three connectors 311A, 311B, 311C in the three wobble plate links
314A, 314B, 314C. Wobble plate 314 connects to an eccentric wobble plate actuator that
causes the wobble plate 314 to undulate. As the wobble plate 314 undulates, the wobble plate
links 314A, 314B, 314C move in upward and downward motions. The upward motion
causes the pump diaphragms 310A, 310B, 310C to compress, and the downward motion
causes the pump diaphragms 310A, 310B, 310C to expand. The configuration of the wobble
plate 314 causes one pump diaphragm 310A, 310B, 310C to compress at a time, which
causes the pump diaphragms 310A, 310B, 310C to pump sequentially. The configuration of
the wobble plate 314 also causes one pump diaphragm 310A, 310B, 310C to expand at a
time, which causes the pump diaphragms 310A, 310B, 310C to prime sequentially. In the
exemplary sequence of operation, the liquid pump diaphragm 310A pumps a shot of fluid,

followed by air pump diaphragm 310B pumping a shot of air, and the sequence of operation

13



WO 2017/087930 PCT/US2016/063011

ends with air pump diaphragm 310C pumping a second shot of air. The sequence may be
repeated any number of times depending on the desired output dose of foam. The air from
the air pump diaphragms 310B, 310C mixes with either the liquid or sanitizer from the liquid
pump diaphragm 310A in the mixing chamber 325 (FIG. 7), which creates a foam mixture.
The foam mixture exits the foam pump 206 through the pump outlet 350.

[0050] FIG. 4 illustrates the flow path of the liquid soap or sanitizer through the exploded
view. When the liquid pump diaphragm 310A expands, liquid enters the foam pump 206
through liquid inlet 352, which is shown by reference number 330A. The liquid travels
through aperture 321A in the diaphragm assembly seat 312, and past liquid one-way inlet
valve 316A, as shown by reference number 330B. Inlet valve 316A opens, the liquid travels
through groove 319A and into liquid pump diaphragm 310A, which is shown by reference
numbers 330D and 330E.

[0051] The liquid pump diaphragm 310A compresses and pumps the liquid through liquid
outlet aperture 309A, past one-way liquid outlet valve 323A, and into the mixing chamber
325 (FIG. 7), which is shown by reference number 340A. Air follows a similar path for air
pump diaphragms 310B, 310C. When air pump diaphragms 310B, 310C expand, air is drawn
into air inlet 424B, travels through apertures 321B, 321C (FIG. 9) in diaphragm seat
assembly 312, travels through one-way air inlet valves 316B, 316C (FIGs. 5 and 6), travels
into grooves 319B, 319C, in the bottom of valve seat 308, and travels into air pump
diaphragms 310B, 310C. When air pump diaphragms 310B, 310C compress, air is forced
through apertures 309B, 309C, past one-way air outlet valves 323B, 323C (FIG. 7), and into
mixing chamber 325 where it mixes with the liquid to form a foam mixture. The foam

mixture is dispensed through outlet 350, which is shown by reference number 304B.

[0052] In some embodiments, the foam mixture has an air to liquid ratio of between about 7
to 1 and about 10 to 1. In some embodiments, the air to liquid ratio is greater than 10 to 1,

and in some embodiments is less than 7 to 1.

[0053] In some exemplary embodiments, a flow control valve (not shown) is located between
the container 102 of foamable liquid and pump 206. The flow control valve may be used to
adjust the liquid to air ratio. If a higher liquid to air ration is desired, the flow control valve is
set at a lower flow rate that starves the liquid pump diaphragm. Conversely, to increase the

liquid to air ratio, the flow control valve may be opened wider allowing more liquid to flow
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into pump 206. In some embodiments, the liquid pump diaphragm 310A may have a
different volume than the air pump diaphragms 310B, 310C to adjust the ratio of liquid to air.
In some embodiments, the volume of the liquid pump diaphragm 310A is reduced by
inserting a sponge (not shown) in the liquid pump diaphragm 310A. Not only does the
sponge (not shown) reduce the volume, but in some embodiments, slows the flow of liquid

through the liquid pump diaphragm 310A.

[0054] In some embodiments, it is desirable to have a higher air to liquid ratio and the foam
pump may contain more than two air pump diaphragms, such as, for example, between about
three and eight air pump diaphragms per liquid pump diaphragm. In such embodiments, it

may be possible to have air to liquid rations of between about 10 and 50.

[0055] FIG. 11 is a cross-sectional view of another exemplary embodiment of a sequentially
activated multi-diaphragm foam pump 1100. The sequentially activated multi-diaphragm
foam pump 1100 includes a motor 1112, a motor shaft 1113, a wobble plate 1110, a wobble
plate pin 1127 an eccentric wobble plate drive 1120, a liquid pump diaphragm 1106, two air
pump diaphragms 1108 (only one is shown), mixing chamber 1130, and pump outlet 1114.
The motor 1112 drives the motor shaft 1113, which causes the motor shaft 1113 to rotate.
The rotation of the motor shaft 1113 causes the eccentric wobble plate drive 1120 to rotate,
and rotation of the eccentric wobble plate drive 1120 causes the wobble plate pin 1127 to
move along a circular path, which causes the wobble plate 1110 to undulate. In some
embodiments, wobble plate 314 includes a ball 1128 that rides in a socket (not shown) on the
pump housing and wobble plate pin 127 extends outward and connects to an eccentric
wobble plate actuator 1120 that causes the pin to move along a circular path which causes the
wobble plate 1110 to undulate. As the wobble plate 1110 undulates, the ends connected to
the three pump diaphragms 1106, 1108 move in upward and downward motions, and the
three pump diaphragms 1106, 1108 are compressed sequentially. One sequence of operation
of the mixing pump 1100 includes one pump by each of the three pump diaphragms 1106,
1108. The liquid pump diaphragm 1106 operates first in the cycle of operation, followed by
sequential distributions by the two air pump diaphragms 1108.

[0056] Similar to the embodiments described above, during operation, the liquid pump
diaphragm 1106 expands and contracts to pump liquid, and the air pump diaphragms 1108

(only one is shown) expand and contract to pump air. The expansion of the liquid pump
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diaphragm 1106 opens the liquid inlet valve 1105 and allows liquid, such as, for example,
soap or sanitizer to enter liquid pump chamber 1124 through liquid inlet 1102. The
expansion of the air pump diaphragms 1108 opens the air inlet valves 1107 (only one is
shown) and allows air to enter air pump chambers 1126 (only one is shown) through air inlets
1104. Circular movement of the wobble plate pin 1127 causes the ends of the wobble plate
1110 to sequentially undulate. The undulation causes liquid pump diaphragm to compress,
which causes liquid outlet valve 1116 to open, and liquid to flow into the mixing chamber
1130 through liquid outlet apertures 1122. Subsequently, one of the air pump diaphragms
1108 is compressed by the undulating wobble plate 1110, which causes air outlet valve 1118
to open, and air to flow the mixing chamber 1130 through air outlet apertures 1123. Then,
the other air pump diaphragm (not shown) will compress and pump air into mixing chamber
1130. The air and liquid soap or sanitizer mix in the mixing chamber 1130 to create a foam

mixture. The foam mixture exits the mixing pump 1100 through pump outlet 1114.

[0057] FIG. 12 is another exemplary embodiment of a foam dispenser 1200. The foam
dispenser 1200 includes a housing 1202, a container 1214 for holding a foamable liquid, a
motor 1204, an air pump 1206, a foam pump 1208, and an outlet component 1224. The foam
pump 1208 is in fluid communication with container 1214 via inlet passage 1220 and the
outlet component 1224. As better seen in FIG. 16, the outlet component 1224 has a foam
channel 1218, an air channel 1216, a second mixing chamber 1222, a foam cartridge 1210,
and an outlet nozzle 1212. Foam pump 1208 is similar to the foam pumps previously
described and has a liquid pump diaphragm and a plurality of air pump diaphragms. The
foam pump 1208 and the air pump 1206 are driven by a drive shaft (not shown) and gear
system (not shown) powered by motor 1204, When motor 1204 is activated, foam pump
1208 will draw in foamable liquid from container 1214 and mix it with air to form a first
foam mixture. The first foam mixture is pumped through foam channel 1218 into second
mixing chamber 1222. Air pump 1206 (which operates similar to the foam pumps described
above, however all of the pump diaphragms pump air) will pump air through air channel
1216 into second mixing chamber 1222. The first foam mixture and air mix in second
mixing chamber 1222 to create a second foam mixture. The second foam mixture travels

through foam cartridge 1210 and is dispensed out of outlet nozzle 1212 as rich foam.

[0058] In some embodiments, the first mixture has an air to liquid ratio of about 7 to 1 to

about 10 to 1. In some embodiments, the second mixture has an air to liquid ratio greater
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than 20 to 1, and, in other embodiments, the second mixture has an air to liquid ratio between

about 30 to 1 and about 50 to 1.

[0059] FIG. 13 is a perspective view of an exemplary embodiment of a refill unit 1300 for
foam dispenser 1200. The refill unit 1300 includes container 1214, foam pump 1208, and
outlet component 1224. The foam pump 1208 is in fluid communication with container 1214
and with outlet component 1224. The outlet component 1224 includes connector 1326, foam
channel 1218 (some of the components are best seen in FIG. 16), air channel 1216, second

mixing chamber 1222, foam cartridge 1210, and outlet nozzle 1212.

[0060] FIG. 14 is the exemplary foam dispenser 1200 of FIG. 12 without the refill unit 1300
installed. The foam dispenser 1200 includes a support 1400 that permanently retains air
pump 1206 and motor 1204. Support 1400 includes a socket 1432 for receiving the foam
pump 1208 of refill unit 1300. The socket 1432 has a drive shaft 1436 extending outward.

[0061] Support 1400 also has a cover 1434 that covers the motor 1204 and the air pump
1206. The portion of the cover 1434 that covers the air pump 1206 has an air outlet aperture
1440. The connector 1326 of the outlet component 1224 is releasably attachable to the air
outlet aperture 1440 of air pump 1206. When refill unit 1300 is installed in dispenser 1200,
connector 1326 (which is a male connector) of outlet component 1224 attaches to air pump
connector 1438 and places air pump 1206 is in fluid communication with second mixing
chamber 1222 through air channel 1216. Preferably connector 1326 and air pump connector
1438 provide an airtight connection. When the refill unit 1300 is not installed in dispenser

1200, air outlet aperture 1440 is open to the atmosphere.

[0062] Foam pump 1208 has a housing 1328 that has an aperture 1630 (FIG. 16) on the back
side. Foam pump 1208 is releasably attachable to the drive shaft 1436 which is powered by
motor 1204 by sliding aperture 1630 and eccentric wobble plate drive 1644 over the shaft
1436 of the motor.

[0063] FIG. 15 is a partial cross-sectional view of the exemplary foam dispenser 1200 of
FIG. 12 showing an exemplary foam pump 1208 and an exemplary air pump 1206. The foam
pump has a liquid pump diaphragm 1509A and two air pump diaphragms 1509B, 1509C.
The liquid pump diaphragm 1509A and air pump diaphragms 1509B, 1509C may take the

form of any pump diaphragm, such as for example, any of the pump diaphragms described
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herein. The liquid pump receives foamable liquid from the container 1214 through liquid
inlet 1220. Pump diaphragms 1509A, 1509B, 1509C operate sequentially. In some
embodiments, the sequential operations starts with a shot of liquid from the liquid pump
diaphragm 1509A, followed by a shot of air from each of the two air pump diaphragms
1509B, 1509C. In another embodiment, the pump diaphragms 1509A, 1509B, 1509C operate
simultaneously. In both of the above-mentioned embodiments, the liquid and air that are
pumped from the corresponding pump diaphragms 1509A, 1509B, 1509C mix in a first
mixing chamber 1625 (FIG. 16) to form a first foam mixture. The first foam mixture travels

through foam channel 1218 and into second mixing chamber 1222.

[0064] In some embodiments, the foam pump 1208 has four diaphragms, one diaphragm
pumps liquid, and three diaphragms pump air. In some embodiments, the foam pump 1208
has more than four diaphragms. In some embodiments, the foam pump 11208 has a plurality

of diaphragms that pump liquid and a plurality of diaphragms the pump air.

[0065] In this exemplary embodiment, air pump 1206 has three air pump diaphragms 1542.
Air pump diaphragms 1542 of the air pump 1206 operate sequentially. In some embodiment,
the air pump diaphragms 1542 operate simultaneously. The air from the air pump
diaphragms 1542 travels through air channel 1216 and into second mixing chamber 1222 to

mix with the first foam mixture, thereby forming the second foam mixture.

[0066] FIG. 16 is a cross-sectional perspective view of an exemplary foam pump 1208 and
an exemplary outlet component 1224 of the exemplary refill unit 1300 of FIG. 13. Foam
pump 1208 includes aperture 1630, eccentric wobble plate drive 1644, wobble plate pin 1646
(connected to an off-center aperture in wobble plate drive 1644, wobble plate 1648, pump
diaphragms 1509A, 1509B, 1509C (not shown) and first mixing chamber 1625. A drive shaft
(not shown) that is powered by motor 1204 through a gear system (not shown) is inserted
through aperture 1630 and connects to the center of eccentric wobble plate drive 1644. When
the motor 1204 is activated, the drive shaft rotates, which causes the eccentric wobble plate
drive 1644 to rotate. When the eccentric wobble plate drive 1644 rotates, the wobble plate
pin 1646 moves in a circular motion, which causes the wobble plate 1648 to undulate. As the
wobble plate 1648 undulates, the pump diaphragms 1509A, 1509B, 1509C are sequentially
operated. An operating cycle (or revolution) of the foam pump starts with a shot of liquid

from liquid pump diaphragm 1509A, followed by a shot of air from air pump diaphragm
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1509B, followed by a second shot of air from air pump diaphragm 1509C. The liquid from
liquid pump diaphragm 1509A mixes with the air from air pump diaphragms 1509B, 1509C

in first mixing chamber 1625 to create a first foam mixture.

[0067] The first foam mixture is pumped into outlet component 1224 through foam channel
1218. The first foam mixture travels through foam channel 1218 and enters second mixing
chamber 1222. In addition, air from air pump 1206 flows into second mixing chamber 1222.
The first foam mixture mixes with air from air pump 1206 that is pumped through air channel
1216 and into second mixing chamber 1222 and forms a second foam mixture. The second
foam mixture travels through foam cartridge 1210 and is dispensed through outlet nozzle

1212 as rich foam.

[0068] The above-mentioned embodiments for the foam pump 1208 and air pump 1206 are
only exemplary. The foam pump 1208 may have one or more liquid pump diaphragms and
one or more air pump diaphragms Alternatively, the foam pump 1208 may have a liquid
pump portion that includes another type of liquid pump that pumps small quantizes of
foamable liquid, such as, for example, a piston pump. Similarly, the foam pump 1208 may
have an air pump portion that includes two or more other types of pumps, such as piston
pumps that pump small amounts of air. The air pump 1206 may have one or more air pump
diaphragms. Alternatively, the air pump may have a plurality of other types of pump

members, such as, for example, piston or dome pumps that pump small quantities of air.

[0069] In some embodiments, one pump having four or more diaphragms is used to
produce a foam that has a high air to liquid ratio. In such embodiments, at least three
diaphragms pump air with at least one diaphragm pumping liquid. In such embodiments, the
pump is capable of providing a foam with an air to liquid ratio of about 10 to 1, of about 15

to 1, of about 20 to 1, of about 30 to 1, or even greater than a 30 to 1 air to liquid ratio.

[0070] The above disclosed foam dispensers systems having a foam pump that includes a
liquid pump diaphragm and two or more air pump diaphragms that mix together in a first
mixing chamber and then mix with air from a second pump at a second mixing chamber has
been found to work very well with concentrated soap. Similarly, the above foam pump
systems having at least four pump diaphragms with at least three of those pump diaphragms
pumping air have been found to work very well with concentrated soap. The concentrated

soap has a greater efficacy than standard foamable soaps which allows a user to use less of
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the concentrated soap to provide the desired results. It has been found, however, that because
users are accustomed to a certain size dose, in some cases users do not believe the smaller
dose is sufficient to achieve the desired results. Accordingly, it is desirable to give the
appearance of a larger dose of concentrated soap when dispensing concentrated soap.
Conventional foam dispensing pumps provide a foam with a liquid to air ratio of about 7 to 1.
Foaming a efficacious dose of concentrated soap (which has a smaller volume of liquid than
an efficacious dose of conventional foam soap) at an air to liquid ratio of 7 to 1 does not
provide users with a visual dose size that appears to be efficacious. The embodiments
described herein may be used to provided foams that have an air to liquid ratio of over 20 to
1, including over 30 to 1, including over 40 to 1 and including up to about 50 to 1. An
efficacious dose of concentrated soap foamed with these ratios provide a user with a visual

dose size that appears visually to be efficacious.

[0071] FIGs. 17A-17D are exemplary embodiments of additional outlet components 1224A,
1224B, 1224C and 1224D illustrating some exemplary alternative directions in which the
first foam mixture and air may be directed into the second mixing chamber. Some of these
alternative embodiments may be better suited for various foamable liquid compositions. For
example, it may be desirable to have a more violent collision of the fluids, or a less violent
collision of fluids. The directions in which the first foam mixture and air enter the second
mixing chamber affects the characteristics of the second foam mixture because the different
directions will cause a different level of turbulence created by the air in the first foam
mixture. In some embodiments, as shown in FIG. 17A, the first foam mixture 1218A and the
air 1216A may enter the second mixing chamber 1222A in substantially opposite directions.
In another embodiment, as shown in FIG. 17B, the air 1216B may enter the second mixing
chamber 1222B in a tangential direction to the first foam mixture 1218B. In another
embodiment, as shown in FIG. 17C, the first foam mixture 1218C and the air 1216C may
enter the second mixing chamber 1222C in a substantially parallel direction. In another
embodiment, as shown in FIG. 17D, the air 1216D may enter the second mixing chamber
1222D in a direction that is perpendicular to the direction that the first foam mixture 1218D
enters the second mixing chamber 1222D. The above-mentioned embodiments are only
exemplary. The outlet component 1224 may have any configuration that allows the first

foam mixture to mix with air in the second mixing chamber 1222.
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[0072] The electronically driven exemplary sequentially activated diaphragm foam pumps
disclosed herein generate about 2 to 3 times as much pressure as standard piston foam pumps
used in conventional touch-free foam soap and sanitizer dispensers. Exemplary embodiments
of the electronically driven exemplary sequentially activated diaphragm foam pumps
disclosed herein generate greater than about 4 pounds per square inch (“psi”). In some
exemplary embodiments, the sequentially activated diaphragm foam pumps disclosed herein
generate greater than about 5 pounds per square inch (“psi”). In some exemplary
embodiments, the sequentially activated diaphragm foam pumps disclosed herein generate
greater than about 6 pounds per square inch (“psi”). In some exemplary embodiments, the
sequentially activated diaphragm foam pumps disclosed herein generate greater than about 7
pounds per square inch (“psi”). In some exemplary embodiments, the sequentially activated
diaphragm foam pumps disclosed herein generate greater than about 8 pounds per square inch
(“pst”). In some exemplary embodiments, the sequentially activated diaphragm foam pumps
disclosed herein generate greater than about 9 pounds per square inch (“psi”). In some
exemplary embodiments, the sequentially activated diaphragm foam pumps disclosed herein
generate greater than about 10 pounds per square inch (“psi”). In some exemplary
embodiments, the sequentially activated diaphragm foam pumps disclosed herein generate
greater than about 11 pounds per square inch (“psi”). In some exemplary embodiments, the
sequentially activated diaphragm foam pumps disclosed herein generate greater than about 12
pounds per square inch (“psi”). In some exemplary embodiments, the sequentially activated
diaphragm foam pumps disclosed herein generate greater than about 13 pounds per square
inch (“psi”). In some exemplary embodiments, the sequentially activated diaphragm foam
pumps disclosed herein generate greater than about 14 pounds per square inch (“psi”). In
some exemplary embodiments, the sequentially activated diaphragm foam pumps disclosed
herein generate greater than about 15 pounds per square inch (“psi”). It has been discovered
that using a 4-diaphragm pump with one diaphragm pumping foaming liquid and three pump
diaphragm creates working pressures ranging from between about 12-17 psi. Working
pressures were measured at the point of the liquid air mixing and is the pressure generated

once the pump is moving at a steady speed (after the ramp up).

[0073] While the present invention has been illustrated by the description of embodiments
thereof and while the embodiments have been described in considerable detail, it is not the
intention of the applicants to restrict or in any way limit the scope of the appended claims to

such detail. Additional advantages and modifications will readily appear to those skilled in
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the art. Moreover, elements described with one embodiment may be readily adapted for use
with other embodiments. Therefore, the invention, in its broader aspects, is not limited to the
specific details, the representative apparatus and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit or

scope of the applicants’ general inventive concept.
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CLAIMS

1. A foam dispenser comprising;

a housing;

a container for holding foamable liquid,;

a motor;

an air pump;

a foam pump having:

a liquid pump portion that pumps liquid;

an air pump portion that pumps air;

a first mixing chamber located downstream of the liquid pump portion and the
air pump portion for mixing the liquid from the liquid pump portion with the air from air
pump portion to create a first foam mixture;

a second mixing chamber located downstream of the first mixing chamber and the air
pump for mixing the first foam mixture from the foam pump with air from the air pump to
create a second foam mixture;

a foam cartridge; and

an outlet for dispensing foam.

2. The foam dispenser of claim 1 wherein the first foam mixture has an air to liquid ratio of

greater than about 2 to 1.

3. The foam dispenser of claim 1 wherein the second foam mixture has an air to liquid ratio

of greater than 10 to 1.

4. The foam dispenser of claim 1 wherein the second foam mixture has an air to liquid ratio

greater than about 20 to 1.

5. The foam dispenser of claim 1

wherein the liquid pump portion of the foam pump includes at least one liquid pump
diaphragm and

wherein the air pump portion of the foam pump includes at least two air pump
diaphragms.
6. The foam dispenser of claim 1 wherein an operating cycle of the foam pump includes a

shot of liquid followed by two or more shots of air.
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7. The foam dispenser of claim 1 wherein the air pump comprises a plurality of air pump

diaphragms.

8. The foam dispenser of claim 1 wherein the container and the foam pump form a refill unit

and the refill unit is removable from the foam dispenser without removing the air pump.

9. The foam dispenser of claim 1 wherein the air pump includes a wobble plate and the foam

pump includes a wobble plate.

10.  The foam dispenser of claim 1 wherein the first foam mixture enters the second
mixing chamber in a first direction and air from the air pump enters the second mixing

chamber in substantially the opposite direction.

11.  The foam dispenser of claim 1 wherein the first foam mixture enters the second
mixing chamber in a first direction and air from the air pump enters the second mixing

chamber tangentially to the first direction.

12.  The foam dispenser of claim 1 wherein the first foam mixture enters the second
mixing chamber in a first direction and air from the air pump enters the second mixing

chamber in substantially the perpendicular direction.

13. The foam dispenser of claim 1 wherein the motor drives the air pump and the foam

pump.

14. A foam dispenser comprising:

a housing;
a motor;
an air pump secured to the housing wherein the air pump has an air pump outlet;
a removable and replaceable refill unit wherein the refill unit includes:

a container for holding a foamable liquid,;

a foam pump having:

a liquid pump portion that pumps liquid;

an air pump portion that pumps air;
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a first mixing chamber located downstream of the liquid pump portion
and the air pump portion for mixing the liquid from the liquid pump portion with the air from
air pump portion to create a first foam mixture;

an air inlet for receiving air from the air pump;

a second mixing chamber located downstream of the first mixing chamber of
the foam pump and in fluid communication with the air inlet for mixing the first foam
mixture with air from the air pump;

a foam cartridge; and

an outlet for dispensing foam.

wherein the refill unit is releasably attachable to the air pump in a manner that allows
the air pump outlet to be in fluid communication with the second mixing chamber of the refill

unit when the refill unit is inserted in the foam dispenser.

15.  The refill unit of claim 14 wherein the foam pump comprises a first liquid pump

diaphragm, a first air pump diaphragm and a second air pump diaphragm.

16. The refill unit of claim 15 further comprising a wobble plate connected to the first

liquid pump diaphragm, the first air pump diaphragm and the second air pump diaphragm.

17. The refill unit of claim 15 further comprising a foam pump drive, wherein the foam

pump drive is an eccentric drive mechanism.

18. A foam dispenser for dispensing foam having an air to liquid ratio of greater than
about 15 to 1 comprising:
a housing;
a motor located within the housing
a holder for retaining a container with a foamable liquid;
a container with foamable liquid;
a foam pump;
the foam pump having
a liquid pump diaphragm, and
at least three air pump diaphragms;
a mixing chamber located downstream of the liquid pump diaphragm and the

at least three air pump diaphragms; and
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an outlet;
wherein the liquid pump diaphragm and the at least three air pump diaphragms

are operated sequentially.

19. The dispenser of claim 18 wherein the foam pump creates a working pressure of

greater than about 10 pounds per square inch.

20. The dispenser of claim 18 wherein the foam pump is connected to, and remains with,
the dispenser and separates from the container when the container is removed from the

dispenser.
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