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(57) ABSTRACT 

The disclosed dispensing system, and method may be used in 
combination With a faucet in communication With a Water 
supply via a Water line, and includes a liquid dispensing 
device adapted to create a liquid such as liquid soap, and 
Water mixture in the Water line. The dispensing device may 
include an injector, and a soap container for the liquid soap or 
other. The system may provide for storage of liquid soap or 
other, and may also have the injector in line With the faucet 
Water line. The injector may create strong vortices that effec 
tively commingle the liquid soap or other liquid With Water 
into a thoroughly mixed solution that is discharged at the 
faucet outlet. 
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DISPENSING SYSTEM AND METHOD, AND 
INJECTOR THEREFOR 

RELATED APPLICATION 

[0001] This application is a continuation-in-part applica 
tion of US. Utility patent application Ser. No. 11/280,577, 
Which is hereby incorporated by reference in its entirety. This 
application claims priority to US. Provisional Patent Appli 
cation Ser. Nos. 60/993,878; 611069,443; 61/070,986; 
61/134,328; and 61/135,259, Which are hereby incorporated 
by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates in general to dispens 
ing devices. It more particularly relates to a dispensing device 
Which may be utiliZed to mix tWo ?uids. 
[0004] 2. BackgroundArt 
[0005] There is no admission that the background art dis 
closed in this section legally constitutes prior art. 
[0006] There have been a variety of techniques and devices 
to facilitate the Washing of a person’s hands. For example, 
reference may be made to US. patents and published appli 
cations as folloWs: US. Pat. No. 5,199,118; US. Pat. No. 
6,236,953; US. Pat. No. 6,426,701; and US. patent applica 
tion 2007/0157978. 
[0007] There have been a variety of concerns or problems 
associated With the mixing or dispensing of tWo ?uids, such 
as a liquid soap and Water. For example, Where there is a 
conventional hand cleaning basin, including those in rest 
rooms and kitchens, Whether at home, restaurant, retail store, 
hotel, hospital rooms, and others, there are common problems 
in dispensing, handling, storing and cleaning up liquid hand 
soap. 
[0008] Conventionally, many commercial establishments 
have installed infrared detector activated no -touch Water fau 
cets and no-touch liquid soap dispensing systems as Well. 
This helps alleviate many aesthetic and sanitary problems for 
both customers and rest room cleanup creWs. But there are 
still major drawbacks for some applications. 
[0009] In Washing their hands, users oftentimes reach to 
operate a liquid soap dispenser for soap. There are many 
different and inconsistent Ways of pressing, pulling up or 
doWn to eject liquid soap. If the dispenser is Wall mounted to 
the side of the sink, excess soap may dribble doWn to the ?oor 
or into a Wastebasket. There are often problems, especially 
With the manual systems, of obtaining a suf?cient amount but 
not too much, liquid soap. 
[0010] If the dispenser is on the Wall opposite to or adjacent 
to the sink, the excess liquid soap may spill onto the sink or 
the counter, and create an unWanted unsightly mess. The 
dispenser may be positioned on the counter and the excess 
soap may pool thereon in an undesirable Way. In any case, in 
many applications the inadvertent spilling or accumulation of 
excess soap can be unsightly and a source of constant clean 
up and irritation. 
[0011] As far as soap to be used for hand Washing, concen 
trated liquid soaps, such as Basic H (Shaklee Corp., Pleasan 
ton, Calif.), are much more ef?cient to use and less contami 
nating to the environment. The overall cost is less expensive 
because of the greatly reduced volume and Weight affecting 
manufacturing, shipping, and storage. Use of concentrated 
liquid soap results in a great savings of Water and time, 
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because they mix quicker With Water, lather up more easily, 
and rinse off much more quickly. 
[0012] According to the Centers for Disease Control and 
Prevention (CDC), the correct Way to Wash hands thoroughly 
is to ?rst Wet them, and then to apply soap. Next, the hands are 
rubbed together to mix soap and Water, scrubbing all surfaces 
to dislodge germs. Finally, the hands are rinsed Well to 
remove soap and germs, and then dry the hands. 
[0013] Many people Wash their hands “incorrectly.” They 
?rst apply soap onto the hands, and then turn on the Water, 
Which immediately rinses much of the soap off before Wash 
ing can even begin. In either case, the Water and soap come 
from separate sources, are applied sequentially, and are mixed 
by rubbing the hands. 
[0014] At best, the prevailing correct procedure has a num 
ber of draW backs in certain circumstances associated With it. 
Water, being applied ?rst, may Wet most of the hand surfaces, 
including under the ?ngernails, making it di?icult for the 
soap to penetrate these hard-to-reach crevices, because sur 
face tension of the Water can prevent or at least greatly inhibit 
the liquid soap from entering the cracks and crevices, as did 
the Water. Standardized testing methods used in the United 
States to determine the ef?cacy of surgical hand scrubs focus 
on the survival of bacteria on exposed skin surfaces. Finger 
nail crevices are excluded from testing by careful nail clip 
ping and cleaning. Studies seem to suggest that subungual 
areas of the hand harbor high concentrations of bacteria. The 
Water passage in the faucet can become contaminated under 
certain circumstances by pathogens, Which can persist there 
undetected, to be spread to users during rinsing. Microbes 
harbored inside the faucet often may survive rigorous exter 
nal cleanings. 
[0015] Much of the volume of most or many hand Washing 
solutions may be ?ller added to the soap composition to make 
it easier for users to control the amount of soap dispensed and 
as an aid in spreading or distributing it about their hands. 
There also may be a psychological aspect in that concentrated 
soaps may not give users the feeling that they are applying 
suf?cient solution to properly perform the cleaning function. 
Filler, Which adds to the bulk, Weight and viscosity, also adds 
to the cost of manufacture, transportation, and storage. Filler 
also may make mixing the solution on the hands more di?i 
cult and takes longer. Because some of the solution may never 
really become Well mixed, rinsing also may take longer, 
resulting in Wasting of Water The excess soap and Water may 
then ?oW into our Waste Water systems and is not ecologically 
desirable. The longer it takes to complete the Whole hand 
Washing process, the more likely the Washing of one’s hands 
may be performed inadequately and quickly, or may be 
skipped entirely. Even healthcare Workers in hospitals may 
skip hand Washing due to the time consuming nature of the 
process. Hence the CDC promotes the supplemental use of 
antiseptic gels because they may be more convenient than 
Washbasin Washing. HoWever, regular hand Washing may still 
be necessary to remove dirt and viruses. 

[0016] In an attempt to facilitate hand Washing, several 
systems to dispense soap and liquids into the Water stream 
have been proposed. US. Pat. No. 6,471,847 B2, titled 
Household Liquid Dispensing System, describes a system for 
dispensing a household liquid through an outlet of a house 
hold Water system. It can be utiliZed for shoWers, bathtubs, 
laundry tubs and sinks. It has an exterior storage unit of 
considerable siZe and complexity With controls to affect both 
the rate and time ?uid or soap is added to the Water ?oW. 
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[0017] The focus of the system is on the dispensing of soap 
and requires conscious monitoring of the procedure. The 
system utiliZes either a venturi or gravity feed system to add 
the liquid to the Water. In either case, the Water pressure and 
?oW rate have a strong effect on the mixture ratio of ?uid to 
Water, and are dependent upon a fairly high speed of Water 
through the system. The soap is not mixed With the Water 
before exiting the outlet, such as a spray head. So both the 
quantity of soap introduced and degree of mixing With Water 
may be variable for at least some applications. 

[0018] US. Pat. No. 5,961,049, titled ShoWer Spray With 
Admixture of Ingredients and Air, accomplishes much the 
same function as the above cited patent, but is limited by 
describing the venturi method only. The system has very 
small liquid storage chambers; hoWever, it can also add air to 
the mix. 

[0019] A more common approach, in Which the soap and 
Water are not mixed together, but discharged in proximity is 
described in US. Pat. No. 5,114,048, titled Faucet Assembly 
Having Integral Liquid Product Dispenser. As stated in the 
patent, the dispenser discharges the liquid products adjacent 
to the ?oW of Water from the faucet assembly. An advantage to 
this system appears to be that the soap discharge is over the 
Washbasin. 

[0020] US. Pat. No. 5,031,258, titled Wash Station and 
Method of Operation, discloses a system for automating sub 
stantially the entire Water/ soap discharge operation in an 
effort to streamline hand Washing. It too discharges soap and 
Water selectively from separate outlets at the end of a faucet. 
Hence it has the same limited advantage over current practice 
of entirely separate Water and soap dispensers as the previ 
ously cited patent. 
[0021] Chemical Injector systems are used to inject ?uid 
chemicals directly into Water stream products. Examples are 
devices soldby Hammonds Technical Services, Inc., Houston 
Tex. These ?uid-poWered motor additive injection systems 
are for relatively large ?oW rates, starting With 7 gallons per 
minute. Using a motor driven by the ?uid stream, the amount 
of additive Will alWays match the existing ?oW rate, maintain 
ing a constant proportion. It is interesting to note that since the 
injection point of these systems is disposed upstream of the 
?uid motor, thorough blending of product and additive may 
be achieved. 

[0022] A system for injecting or controllably metering 
detergent in a dishWashing system, is disclosed in US. Pat. 
No. 5,218,988, titled Liquid Feed System, Which describes 
the use of a peristaltic pump to meter a chemical at the injector 
port. 
[0023] Numerous systems that inject one ?uid into the 
moving stream of a second ?uid, such as garden sprayers, rely 
solely upon a pressure drop in the injector to draW or suck, 
?uid into the mainstream. This pressure drop may be so 
reduced at the ?oW rates, that it may not be a reliable injection 
mechanism for some applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The features of this invention and the manner of 
attaining them Will become apparent, and the invention itself 
Will be best understood by reference to the folloWing descrip 
tion of certain embodiments of the invention taken in con 
junction With the accompanying draWings, Wherein: 
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[0025] FIG. 1 is a partial section, pictorial vieW of an 
embodiment of the present invention having manually con 
trolled hot and cold Water handles, and a soap injector dis 
posed Within the faucet spout; 
[0026] FIG. 2 is a system diagram of a faucet having manu 
ally controlled hot and cold Water handles, and a soap injector 
in the faucet spout, illustrated in FIG. 1; 
[0027] FIG. 3 is a pictorial vieW of another embodiment of 
the present invention, a no-touch faucet, With all functions, 
including that of hot and cold Water ?oW rates, Water ?oW 
activation, as Well as initiation of the soap dispensing 
sequence, all controlled by the user interacting at a distance 
With several sensors; 
[0028] FIG. 3A is a sectional vieW of the indicated portion 
of FIG. 3; 
[0029] FIG. 4 is a system diagram of a no-touch faucet as 
illustrated in FIG. 3; 
[0030] FIG. 5 is a pictorial vieW of yet another embodiment 
of the present invention, a faucet having electronic control of 
Water ?oW and temperature, no -touch or automatic activation 
of ?oW from the faucet, as Well as tWo different soap solu 

tions; 
[0031] FIG. 6 is a system diagram of a faucet having the 
controls and functionality illustrated in FIG. 5; 
[0032] FIG. 7 is a pictorial vieW of still another embodi 
ment of the present invention, having a separate electronic 
control retro?tted to operate a conventional manual faucet, so 
that an existing installed faucet can be upgraded to have the 
functionality of the present invention; 
[0033] FIG. 8 is a system diagram of the faucet retro?t 
illustrated in FIG. 7; 
[0034] FIG. 9 is a left exploded vieW of the soap injector 
partially shoWn in FIG. 1; 
[0035] FIG. 9A is a perspective sectional vieW of the soap 
injector of FIG. 9; 
[0036] FIG. 9B is an enlarged detail vieW of the indicated 
portion of FIG. 9A; 
[0037] FIG. 9C is an enlarged vieW, rotated 180°, of the 
seep blocker 138 illustrated in FIG. 9; 
[0038] FIG. 10 is a system diagram of an experimental 
testbed for the present invention; 
[0039] FIG. 11 is a perspective vieW of an alternative 
embodiment of the right side of the injector 140 shoWn in 
FIG. 9; 
[0040] FIG. 11A is an enlarged perspective exploded par 
tial vieW of the bottom portion of the left and right sides of the 
injector, the right side of Which is shoWn in FIG. 11; 
[0041] FIG. 11B is an enlarged perspective sectional partial 
vieW of the tWo bottom portions of the injector shoWn in FIG. 
11A; 
[0042] FIG. 12 is a pictorial vieW of yet another embodi 
ment of the present invention, a user programmable faucet, 
having tWo soap selector dials, a soap button, a pointing 
device, and display areas for all of the controls; 
[0043] FIG. 13 is a pictorial vieW of yet another embodi 
ment of the present invention, having the soap dispensing 
components in a system box With a soap re?ll container; 
[0044] FIG. 14 is a system diagram of yet another embodi 
ment of the present invention, that is a faucet retro?t for a 
standard manual lavatory faucet, With the plumbing compo 
nents in a system box, such as shoWn in shoWn in FIG. 13; 
[0045] FIG. 15 is a left exploded vieW of yet another 
embodiment of the present invention, a soap injector With an 
integrated check valve; 
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[0046] FIG. 15A is a left assembly vieW of the injector 
components shown in FIG. 15, With the check valve ball in 
strong ?oW position; 
[0047] FIG. 15B is a left assembly sectional vieW of the 
inj ector components shoWn in FIG. 15A, but With the check 
valve ball in no ?oW position; 
[0048] FIG. 16 is an orthographic sectional vieW of yet 
another embodiment of the present invention, a soap injector 
With integrated check valve and inductive proximity sensor, 
With the check valve ball in back ?oW position; 
[0049] FIG. 17 is a system diagram ofyet another embodi 
ment of the present invention, that couples a point of use Water 
heater With a soap dispensing system in a system box; 
[0050] FIG. 18 is a system diagram ofyet another embodi 
ment of the present invention, that utilizes bleed Water pres 
sure to expel soap from the soap container. 
[0051] FIG. 19 is an orthographic sectional vieW of the soap 
container indicated in FIG. 18 With a full re?ll before attach 
ing to the system box; 
[0052] FIG. 19A is an orthographic sectional vieW of the 
soap container indicated in FIG. 18 and shoWn in FIG. 19, but 
attached to the system box and With a nearly empty soap bag; 
and 
[0053] FIG. 20 is a system diagram ofyet another embodi 
ment of the present invention, that utiliZes a liquid and/ or gas 
propellant to expel soap from the soap container. Single Water 
and soap sources feed multiple faucets. 

DESCRIPTION OF CERTAIN EMBODIMENTS 
OF THE INVENTION 

[0054] It Will be readily understood that the components of 
the embodiments as generally described and illustrated in the 
draWings herein, could be arranged and designed in a Wide 
variety of different con?gurations. Thus, the folloWing more 
detailed description of the embodiments of the system, com 
ponents and method of the present invention, as represented 
in the draWings, is not intended to limit the scope of the 
invention, as claimed, but is merely representative of the 
embodiments of the invention. 
[0055] A method and system are disclosed for integrated 
Water and soap dispensing. According to an embodiment of 
the invention, the disclosed dispensing system may include or 
be combined With a faucet in communication With a Water 
supply via a Water line and a dispensing device adapted to 
create a mixture of a liquid such as soap With Water in the 
Water line. The soap dispensing device may include an inj ec 
tor, and a liquid container for storing a liquid such as a liquid 
soap or other. 

[0056] In accordance With another disclosed embodiment 
of the invention, there is provided a user programmable fau 
cet. The programmable faucet may include a spout for dis 
pensing ?uid, a manual handle for controlling rate and tem 
perature of ?uid dispensed via the spout, a ?rst sWitch for 
controlling the introduction of soap into the dispensed ?uid, a 
second sWitch for selecting the type of soap introduced into 
the dispensed ?uid, a programming button for programming 
the operation modes for at least one of the ?rst and second 
sWitches, and a programming display for displaying the pro 
gramming status. 
[0057] According to another aspect of a disclosed embodi 
ment of the invention, there is provided an injector for mixing 
?uids. The injector may include a ?rst side and a second side. 
The ?rst side of the injector may include a ?uid inlet, a 
constricted portion, and a ?rst vortex generating portion. The 
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second side of the injector may mate With the ?rst side of the 
injector and include a constricted portion and a vortex gener 
ating portion. The constricted portions of each side create a 
constrictor and the vortex generating portions of each side 
may be located opposite each other When the ?rst and second 
sides are assembled. 

[0058] In accordance With still another disclosed embodi 
ment of the invention, there is provided a hand Washing sys 
tem, Which may include a faucet having a spout for dispensing 
?uids, a soap injector disposed Within the spout, and a soap 
dispensing device adapted to provide soap to the soap injec 
tor, the soap dispensing device including a soap pump and a 
soap container. The soap injector may be adapted to create a 
soap and Water mixture Within the spout of the faucet. 
[0059] In accordance With yet another disclosed embodi 
ment of the invention, there is provided a hand Washing sys 
tem. The hand Washing system may include a faucet in com 
munication With a Water supply via a Water line, a no-touch 
soap sensor disposed on the faucet, and a soap dispensing 
device adapted to be activated by the no-touch soap sensor 
and create a soap and Water mixture in the Water line. The soap 
dispensing device may include an injector, a soap pump, and 
a soap container. 

[0060] According to yet another aspect of the disclosed 
embodiment of the invention, there is provided a hand Wash 
ing retro?t kit for converting an existing faucet in communi 
cation With a Water supply via a Water line into a hand Washing 
system. The kit may include a control panel adapted to be 
mounted adjacent the faucet and a soap dispensing device 
adapted to introduce soap into the Water line and activated by 
the control panel. The soap dispensing device may include an 
injector, a soap pump, a microcontroller, and a soap container. 
[0061] In accordance With the invention, the soapy mess 
common to Washbasins may be eliminated. Hand Washing 
may be quick and easy: Press a button and soapy Water comes 
out of the faucet. To rinse, hold your hands under the same 
faucet for an automatic ?oW of Water. It may also improve 
sanitation and hygiene (public health) by making Washing 
quicker, easier, more effective, and therefore more often actu 
ally done. 
[0062] The present invention may effectively deal With 
most of the problems associated With current hand Washing 
practice; 

[0063] (l) The Water/ soap mixture may be applied to dry 
hands, easily and quickly Wetting all surfaces and is 
draWn by surface tension into cracks in the skin and 
under the nails. It may ?oW very easily, being of loW 
viscosity and in abundant supply. Disinfectant action 
may be much more complete and effective. Virtually no 
time may be Wasted, because mixing and spreading of 
the solution takes but moments. 

[0064] (2) Antiseptic hand Wash solutions, if used, may 
tend to disinfect the Water passage in the faucet. 

[0065] (3) Concentrated soap may be used Without need 
for any ?llers. The generous volume of Water/ soap mix 
ture may be psychologically satisfying by itself. 
Reduced bulk of soaps used in commercial, public and 
home situations may lead to signi?cant economies in 
manufacture, transportation and storage. Because of 
more the ef?cient application, less soap may be used. 
Reduced hand rubbing time necessary to mix, clean and 
rinse may results in Water savings, too. 

[0066] (4) The Whole hand Washing process may be 
shortened and made much more convenient and pleas 



US 2009/0000024 A1 

ant, so it may be done more effectively and skipped 
much less often. This may improve our sanitation and 
hygiene With consequent health bene?ts. 

[0067] The present invention may lend itself to applications 
in addition to those illustrated here, but be easily understood 
in light ofthe ?exibility and poWer of the system. Much of this 
adaptability and usefulness may derive from the use of elec 
tronics and imbedded microprocessors that facilitate sophis 
ticated behavior to accommodate a Wide range of anticipated 
and unanticipated uses. For instance, the separate retro?t 
control 314, shoWn in FIG. 7, may be placed at some distance 
from the delivery spout, located Where most convenient for 
users With special needs, accommodating to their restricted 
range of reach and other factors. Many With physical limita 
tions ?nd conventional mechanical faucet mechanisms di?i 
cult or impossible to manipulate. It may be relatively easy to 
adapt alternate kinds of interfaces to the soap dispensing 
system, such as voice activation or electronic control mecha 
nisms With very loW force and range of movement require 
ments, using potentiometer- or rheostat-type dials, and force 
sensing surfaces and sWitches that can be provided in a range 
of siZes and sensitivitiesiWhich may be customiZed to indi 
vidual users by simply changing microprocessor program 
ming. Non-traditional input controlsiat least in the realm of 
plumbing and Water faucetsimay be the use of sliders (such 
as commonly seen on sound boards for audio systems) and 
touch sensitive ?at panel displays. Such computer-type dis 
plays may facilitate fully user customizable input to faucet 
systems that could be useful in experimental testing, such as 
to determine the ef?cacy of various “soaps” in cleaning and 
disinfecting. Not only Would such systems provide complete 
control and repeatability, but also may facilitate documenta 
tion of all events. Such a system is anticipated by the testbed 
system depicted in FIG. 10. Another use of the retro?t control 
314, shoWn in FIG. 7, may be for shoWers. The control may be 
mounted on vertical surfaces, such as shoWer enclosures. 

[0068] Some of the design features shoWn in the various 
embodiments of the present invention may ?nd useful appli 
cation to systems that do not dispense soap. An example may 
be the no-touch faucet system shoWn in FIG. 3, that may 
control the ?oW of hot and cold Water Without any physical 
contact by the user. Another design feature of general appli 
cation is illustrated in FIG. 1. The manual Water handles may 
intersect With the escutcheon in such a Way that there is a 
smooth surface Without any crack or crevice into Which ?uids, 
dirt, or pathogens can lodge. This may be very important, 
because in conventional practice, the movable handle is sepa 
rated from the escutcheon or ?xed portion of the faucet by 
some sort of gap to alloW movement or rotation. In FIG. 1, this 
gap may be ?lled in by a ?exible silicone gasket that alloWs 
the necessary movement of the handle so that the user can still 
manipulate the faucet controls, but the gasket may be some 
What compressed in installation so that the seal is impervious 
to ?uids and dirt. In addition the surface composed of the 
gasket and faucet structure around the gasket may be smooth 
and Without interruption to alloW easy and complete cleaning 
of the external faucet surfaces. 

[0069] The gasket design as described above may Work in 
consort With the unique property of the present invention to 
control pathogens that often contaminate the various external 
and internal surfaces of most faucets often surviving rigorous 
external cleanings. The soap solution as it is regularly dis 
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charged from the faucet, may tend to act upon pathogens in 
the faucet Water passage, greatly reducing the spreading to 
users during rinsing. 
[0070] It may be important that soap dispensing systems 
have a method to instantly terminate the soap dispensing 
function. For safety reasons, such as the need for Water to cool 
a burn or ?ush poison out an eye, there may need to be a “kill” 
button, or some other intuitive Way to instantly terminate the 
soap mode. Placing a ?nger on the soap sensor for several 
seconds may Work. Another Way may be moving the hand into 
and out of the sensing area of the soap sensor. A quick suc 
cession of tWo or more taps on the soap sWitch may accom 
plish the same thing, depending upon the user interface pro 
vided. 

[0071] Feedback is important to soap dispensing systems, 
so that the user knoWs What is actually happeningiif the 
faucet is actually delivering a soap mixture or Water only. Of 
course, if the soap is a type that generates a lot of bubbles 
When the user is soaping up, then the bubbles may be an 
indication of soap. In addition to bubbles, there may be other 
Ways to make the dispensing of soap more obvious. Dye may 
be added to the concentrated soap, so that the Water may be 
slightly colored When the soap solution is coming out of the 
faucet. The color may be more apparent When seen in against 
a White basin With some depth of Water in it. The soap bubbles 
may also carry the color of the soap. If more than one kind of 
soap is available from the faucet, each may have a distinctive 
color, for instance yelloW for hand soap and green for produce 
soap. There may be downsides from using dyeiin order to 
make it obvious enough to even the casual observer, quite a bit 
of dye may be used, adding to the volume of the concentrated 
soap. Dye may be considered objectionable or disturbing to 
users, and may even dye something exposed to the soap 
solution that is highly Water absorbent and of a very light 
color. Of course the dye may normally go doWn the drain into 
the WasteWater as a contaminant. Another Way to color the 
Water, but Without using dye may be to have a colored light 
source, such as an LED installed in the end of the faucet, 
conducting light into the Water ?oW. There may a number of 
novelty products on the market sold for fun and entertainment 
that do just that, turning running Water from a faucet a bright 
color, such as blue. Some products may be controlled by the 
Water temperature, blue indicating cold and red hot Water. 
Aside from coloring the Water itself, a ?ashing light proxi 
mate to the soap activating control may indicate that soap is in 
the process of being dispensed. 
[0072] The soap dispensing system may be added to bidets, 
so that the cleaning or Washing process proceeds With more 
e?icacy than possible With Water-only as conventionally 
done. The additive concentrate should be selected so that it is 
non-irritating to sensitive tissues. Various solutions may be 
made available for different situations and differing aesthetic 
tastes, since bidets are very personal devices. 
[0073] Referring to FIG. 1, an embodiment of the present 
invention as normally seen by a user looking doWn onto a 
countertop and Washbasin is shoWn. The integrated soap and 
Water dispensing system may include a soap injector 20 
located internally inside the faucet spout, betWeen a delivery 
end of spout 28, and the base of spout 30. A manual hot Water 
handle 32, and a manual cold Water handle 34, may be 
manipulated by a user to control Water delivered by a Water 
line 24, to the injector 20.A soap button remote 36, located on 
the countertop 38, may be pressed by the user to initiate soap 
delivery by a soap line, 26 also connecting to injector 24, 
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Where the delivered soap and Water may be thoroughly mixed, 
to How out of the spout into the Washbasin 40. A soap indi 
cator 37 on the soap button remote 36 may be an LED light 
that ?ashes When the faucet is actively dispensing soap. The 
rotatable hot Water handle 32 may be separated from the 
escutcheon 31 by a red gasket 33, made of ?exible silicon, 
Which may form a contiguous surface With them, sealing the 
gap. In a similar manner, the rotatable cold Water handle 34 
may be separated from the escutcheon 31 by a red gasket 35. 
The gasket colors, red and blue, may serve to identify the hot 
and cold Water handles. 

[0074] Referring noW to FIG. 2, a system diagram of the 
present invention of FIG. 1, the operation of the faucet is 
conventional, unless or until the user presses the soap button 
remote 36, bringing the beloW countertop components into 
play. But before then, the hot Water supply 42 and cold Water 
supply 44 may feed Water to their respective manual hot and 
cold Water valves 32 and 34, Which may be controlled by the 
user manipulating the respective handles for each valve. As in 
a conventional faucet hot and cold Water ?oWs come together 
at the base of the spout 30, and continue up the spout to be 
discharged at the delivery end of the faucet 28. But, in this 
embodiment of the present invention, the Water How may pass 
through the soap injector 20, before being discharged. When 
the user presses the soap button remote 36, a signal may be 
transmitted to the microcontroller 50, the sWitch data may be 
sent by radio signals, in Which case the soap button remote 36, 
if it contains a battery poWered transmitter (not shoWn), may 
be moved about freely Within radio range of a receiver (not 
shoWn) associated With the microcontroller 50. If the soap 
button remote (in the system diagram, “soap sWitch”) 36 is 
?xed in place on the countertop 38, the connection may be by 
electric Wire, eliminating the radio link. The microcontroller 
50 may be preprogrammed to operate the soap delivery sys 
tem Which may have a soap pump 46, Which may send soap 
stored in the soap container 48 through the soap line to inj ec 
tor 26. The soap injector 20 may mix the soap into the Water 
?oW before the mixture is discharged. NOTE: This and the 
other system diagrams are diagrammatic and do not shoW 
electric components such as poWer supplies, electric lines, 
motors, and electronic circuitry; nor do they shoW various 
displays providing feedback to the user, some of Which may 
be controlled by the microcontroller, and others integrated 
With the input devices and operated directly Without media 
tion. Among the several types of pump that Would be suited 
for the soap pump 46 may be small peristaltic tubing pumps, 
such as dosing pumps supplied by AutomatedAquarium Sys 
tems, Inc., Tustin, Calif. Such pumps may be highly resistant 
to back pressure that may occur should the faucet be blocked 
When Water is ?oWing into the soap dispensing system. They 
may make a positive seal, so soap may not be accidentally 
discharged to the injector 20. 
[0075] Referring noW to FIG. 3, another embodiment of the 
present invention as normally seen by a user looking doWn 
onto a countertop and Washbasin is shoWn. This no-touch 
faucet may not only feature a fully automatic no-touch soap 
dispensing system, but also no-touch hot and cold Water con 
trol. The automatic sensor 170 may control How from the 
faucet in the conventional automatic faucet Wayituming on 
When the sensor detects an object (normally hands) over the 
Washbasin. The soap sensor 68 may trigger the soap dispens 
ing system function When a hand is held or Waved over the 
sensor. A soap indicator 169 may be an LED light that ?ashes 
When the faucet is actively dispensing soap. For hot Water, the 
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user may easily place an open hand, face doWn, above the hot 
Water symbol 158, controlling the hot Water ?oW rate by 
varying hoW far the hand is above the hot Water symbol 158, 
Which may be atop and centered on the hot Water raised 
spherical surface 162. Within the several-inch range that the 
hot Water sensor 154 responds to, the higher the hand, the 
more hot Water. Moving the hand Within close range (less than 
an inch) above the hot Water symbol 158 shuts off the hot 
Water. The user may instantly control or modulate the Water 
?oW by moving a hand horizontally into the sensing area, 
Which, for easy visualiZation by users, may be described as a 
column several inches Wide extending from just above the hot 
Water raised spherical surface 162. The hot Water display 164 
may shoW hoW strong the Water How is. When the display is 
dark, the Water may be off; When the full semi-circular Width 
is all bright red, the Water may be full on. Intermediate ?oW 
rates may be indicated by a smaller colored area, such as 
shoWn here by the cold Water display 166. (There is a cold 
Water sensor 156, on the side of the faucet opposite the hot 
Water sensor, but it is not shoWn in this ?gure.) Cold Water 
may be controlled in the same manner as hot Water, but With 
the user’s hand above the cold Water symbol 160. Note: The 
hot Water symbol 158 and the raised spherical surface 162 
may be visual clues, targets, or reference points to the user, 
and may be otherWise non-functional. Both the hot Water 
sensor 154 and the coldWater sensor 156 may be composed of 
an array of infrared sensors, each designed to detect objects 
Within a speci?c volume of space With overlapping Zones, so 
that taken as a Whole, the array may sense the location of a 
hand With su?icient resolution to satisfy users that they have 
good control over Water ?oW. When How has already been 
established by the user, the hot and cold Water ?oWs may 
maintain the same rate until either a preset period of time has 
lapsed Without additional user input, in Which case, to con 
serve Water and to reduce the possibility of Water damage 
from a continuously running faucet, the faucet may automati 
cally shut off, or the other case being When the user reintro 
duces a hand above a Water control sensor, such as the hot 
Water sensor 154. In the latter case, the system may recali 
brate itself, so that it takes the neW hand position above the 
sensor as setting the current rate of How. This may be true, so 
long as the user introduces the hand Within the normal oper 
ating range of the sensor. Thus, the user may actually feel “in 
control” of the Water ?oW. Easily moving the hand up or doWn 
may have the expected effectieither increasing or decreas 
ing the ?oWinot suddenly jumping to a different rate, 
because the user has not introduced the hand precisely at the 
same distance over the target, such as the hot Water symbol 
158, that the hand had been When the rate Was set previously. 
Of course this may change the range of hand movement 
available before reaching both of the extremes (off and full 
on), but may be instinctively, if not intellectually understood 
by the user. An analogy Would be that When a user reaches out 
to adjust the How of Water With a manual handle or knob that 
is essentially circular Without any protruding handle, the user 
may simply turn it one Way or the other to effect the desired 
change, Without paying attention to hoW far (degrees of rota 
tion) that the faucet is already turned from the closedposition. 
Some systems like this have to be counterintuitive (intellec 
tually) to interface correctly With the people’s intuitive (in 
stinctive) behavior. 
[0076] Referring noW to FIG. 3A, Which clearly shoWs the 
someWhat subtle cross-section of the raised spherical surface 
1 62. 
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[0077] Referring noW to FIG. 4, a system diagram of the 
present invention of FIG. 3, the operation of the faucet may be 
designed to be “transparent” to the user. That means they may 
not have to think about hoW to use itiit just Works in Ways 
that are obvious and expected. Of course, even in appearance, 
it may differ from conventional faucets, primarily by not 
having any handle to control hot and cold Water How. To a 
large degree, the system design, including hoW it is pro 
grammed may be essential to achieving the goal of satisfying 
the user. Starting With the hot Water supply 142 and the cold 
Water supply 144, the How of Water through the faucet and 
intervening soap dispensing system may be controlled by 
proportional solenoid valves, Which are not simply on/off 
valves as typically associated With solenoids, but fully pro 
portional With a smooth range of How rates from full open to 
closed. IQ Valves, a division of Technocraft, Inc., Melbourne 
Fla. may be a source of such products. A microcontroller 188 
may control these valves With inputs from the hot Water 
sensor 154, the cold Water sensor 156, the soap sensor 168, 
and the automatic sensor 170. Also controlled by the micro 
processor may be the soap pump 146 for delivering soap from 
the soap container 148 to the soap injector 120 from Which 
Water or a soap solution ?oWs out of the faucet spout 152. 

[0078] Referring again to FIGS. 3 and 4, a system and 
method to quickly and easily program or reprogram the 
microcontroller 188, is described. Taking advantage of the 
capabilities of the automatic sensor 170, Which may include 
tWo-Way communication, bringing a hand held, portable 
device (not shoWn) Within the operating range and in front of 
the sensor 170, may enable the portable device, Which is 
equipped With a sensor With similar capabilities to exchange 
information. The portable device may store computer code 
that contains instructions for the microcontroller to affect the 
desired behavior of the soap dispensing system. The operator 
of the portable device may activate control(s) so that the 
device detects signals (such as infrared) sent out by the sensor 
170 in normal detection function. In response, the portable 
device may send out a coded signal that may be read by the 
sensor 170, and interpreted as the signal for the sensor 170 
communicating With the microcontroller 188, as components 
of the soap dispensing system, to receive and store program 
ming information. After transmission of a coded signal 
sequence, the soap dispensing system may send back to the 
portable device an encoded value that corresponds to a check 
function of the programming information package it Was sent. 
If the portable device reads the same encoded value it had 
calculated Would be associated With the information it had 
just sent, it may tell the soap dispensing system that the 
exchange is completed. This entire sequence may take a mat 
ter of seconds and involve no physical contact betWeen the 
programming device and the soap dispensing system, so that 
a number of soap dispensing systems may be programmed in 
a short time by one person. 

[0079] Referring noW to FIG. 5, another embodiment of the 
present invention as normally seen by a user looking doWn 
onto a countertop and Washbasin is shoWn. This tilt handle 
kitchen faucet 292 may function like a conventional mechani 
cal faucet until the automatic button 204, is pressed, making 
the faucet responsive to the automatic sensor 294, then the 
faucet may function like a conventional automatic faucet. The 
faucet mode may be indicated by the automatic mode indica 
tor 206. Pressing either the soap #1 sWitch 296 or soap #2 
sWitch 200 may activate the soap dispensing system, so the 
faucet may also dispense soap. Pressing on an already 
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selected soap sWitch, as indicated by the soap #1 indicator 
298 or the soap #2 indicator 202 may sWitch the faucet back 
to Water only. The soap #1 indicator 298 and the soap #2 
indicator 202 may ?ash When the faucet is actively dispensing 
the respective selected soap. The automatic sensor 294 may 
not be ?xed, but rotate With the spout. This may be convenient 
and easily understood by the user. The single handle Water 
control 290 may be moved by the user up-and-doWn for How 
control, hot and cold Water 290A, and pivoted from side-to 
side for temperature control, hot and cold Water 290B. This 
type of handle and motions are conventional, but in this 
embodiment of the present invention, the lever motions may 
not be directly linked to mechanical valving, but may operate 
electronic input devices such as potentiometers, Which may 
send electrical signals to the microcontroller 288, Which may 
be programmed to respond in various Ways to user inputs, not 
necessarily in direct proportion to input by the user. For 
instance, When the faucet is delivering soap #1 as a mixture, 
Which might be a produce cleaning soap, the How rate may be 
automatically reduced for better control in Washing off fruit 
or vegetables. When the user presses the soap #1 sWitch 296, 
to return the faucet to Water only, the How rate may then be 
automatically increased to the previously user established 
rate. If so programmed, even While delivering a soap mixture, 
the user may retain the ability to control the How rate by 
means of the single handle Water control 90. When the faucet 
is delivering Water only, the user may alWays retains full 
control over Water ?oW by means of the single handle Water 
control 290. 

[0080] Referring noW to FIG. 6, a system diagram of the 
present invention of FIG. 5, it may be quite similar to FIG. 4, 
but With FIG. 6 having tWo additional inputs, the automatic 
button 204 and the soap #1 sWitch 296, Which may be used to 
operate the soap #2 pump 280, requiring the tWo soap injector 
274, Which has tWo soap lines to injector 220 instead of one. 

[0081] Referring noW to FIG. 7, another embodiment of the 
present invention as normally seen by a user looking doWn 
onto a countertop and Washbasin is shoWn. What’s neW here 
is not the kitchen faucet 312iit’s completely conventional, 
and Works like a standard mechanical faucetiuntil the ret 
ro?t control 314, is turned on by pressing the retro?t control 
on/ off sWitch 320. This retro?t control 314 may be attached to 
the sink top surface 308 or countertop With electrical connec 
tions passing through a hole to the soap dispensing system 
under the counter. When the retro?t control 314 is on, as may 
be indicated by the retro?t control on/off indicator 322, the 
hot Water dial 316 and cold Water dial 318 may control Water 
and soap solution temperature in the conventional Way. Press 
ing any of the three buttons or sWitches, the Water only sWitch 
324, the soap #1 sWitch 396, or the soap #2 sWitch 300, may 
activate that particular discharge. Another press may turn it 
off; pressing one of the other tWo buttons may immediately 
sWitch to that discharge. Selection of soap #1 may be indi 
cated by the soap #1 indicator 398; and selection of soap #2 
may be indicated by the soap #2 indicator 302. Before using 
the retro?t control 314, the manual hot Water handle 332 on 
the faucet 312 may be turned off, and the manual cold Water 
handle 334 may be turned on full, thus assuring that all the 
?uids delivered by the faucet 312 pass through or come from 
the soap dispensing system. In order to return to full manual 
operation of the faucet 312, the retro?t control 314 may be 
turned off by pressing the retro?t control on/off sWitch 320. 
Should the manual cold Water handle 334 be closed either by 
accident or by intent While the soap dispensing system is in 
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operation, Water pressure may build up Within the soap dis 
pensing system to the pres sure of the higher of the tWo incom 
ing lines (from the hot Water supply 342 or from the cold 
Water supply 344). Because of this, the soap dispensing sys 
tem may be able to Withstand such pressures Which can range 
up to over 100 psi. Normally, embodiments of the present 
invention are not exposed to other than minimal internal 
pressure, because they may deliver ?uids to a line that is open 
all the Way to the delivery end of the spout. In “normal” 
operation, With the retro?t control 314 turned off, the propor 
tional solenoid valve for hot Water 384 may be closed, and the 
proportional solenoid valve for cold Water 386 may be open. 
These valves may be respectively, “normally closed,” and 
“normally open”ithe states of the valves When no electric 
current is applied to operate them. This, in “normal” opera 
tion, the cold Water may be routed through the soap dispens 
ing system at the full pressure of the cold Water supply 344. 
An easy-to-install retro?t kit may make it possible for those 
Who Wish, to keep their existing faucet and still upgrade to the 
soap dispensing system. 
[0082] Referring noW to FIG. 8, a system diagram of the 
present invention of FIG. 7, it is clear that both the Water from 
the hot Water supply 342 and from the cold Water supply 344 
may be diverted through the soap dispensing system before 
entering the faucet 312 through the cold Water line. The hot 
Water “T” connector 326 may be spliced into the original hot 
Water line; the original cold Water line may be cut, and the 
cold Water connector 328 may splice the line to the soap 
dispensing system at the hot Water proportional solenoid 
valve 384; the retro?t Water connector 330 may connect the 
soap dispensing system to the cold Water line extending to the 
faucet 312. The hot Water check valve 332 and the cold Water 
check valve 333 may eliminate the possibility that Water 
could ?oW back into either the hot Water supply 342 or the 
cold Water supply 344 looping through the soap dispensing 
system. This may happen if the user closed the manual cold 
Water handle 334 When both hot and cold Water are entering 
the soap dispensing system. The check valves may also stop 
any stray soap from entering the Water supplyiWhich may be 
mandated by plumbing code. 
[0083] Referring noW to FIG. 9, an exploded vieW, internal 
details of the soap injector 420 are shoWn. There may be tWo 
halves or sides to the injector, the left side of inj ector 434, and 
the right side of injector 440. As shoWn here, only the left side 
of injector 434 may have a soap hole 436, a soap line to 
injector 426, and a seep blocker 438. This type of injector may 
deliver only one kind of soap. The tWo soap injector 374, as 
indicated in FIGS. 8 and 10 may be essentially the same, but 
With both halves the same as the left side of injector 434, so 
both sides have a soap hole 436, a soap line to injector 26, and 
a seep blocker 438. Each side of the injector 20 or the tWo 
soap injector 374 may have a clockWise vane 450 and a 
counterclockWise vane 442, Which may act upon the ?uids 
?oWing through the injector so they are thoroughly mixed 
together into a consistent solution. The tWo sides of the inj ec 
tor may be located in correct alignment for bonding by several 
alignment bumps 446, that ?t into several alignment recesses 
444. 

[0084] Referring noW also to FIG. 9A, a perspective sec 
tional vieW of the soap injector 20. The Water ?oW into inj ec 
tor 454 may enter through the Water line to injector 24, Which 
is bonded to the injector 20. The soap ?oW into injector 452 
may come in through the soap line to inj ector 26. The ?oW out 
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of injector to faucet 456 may exit through the Water line to 
faucet 22, Which is bonded to the injector 20. 

[0085] Referring noW to FIG. 9B, an enlarged detail vieW of 
the indicated portion of FIG. 9A, the details of the attachment 
of the soap line to injector 26 are shoWn. It may terminate in 
the base of soap line to injector 458, Which may be bonded to 
the left side of injector 434, capturing the seep blocker 438, 
Which may be made of a ?exible material, such as silicone 
rubber. 

[0086] Referring noW to FIG. 9C, the opposite side of seep 
blocker 438, shoWn in FIG. 9 is enlarged to the same scale as 
FIG. 9B. There may be a cut 460 in seep blocker, Which may 
be a clean cut (no material removed) through the thin mem 
brane, alloWing the passage of soap When pressure is applied 
by the soap pump 376. In this case the cut may be in the form 
of an “X”, While other forms of cut may be used, such as a 
simple “I” cut, Which may be conceived of as the “X” With one 
leg left off. The “X” type of cut may open With less pressure 
than the “I” cut. The purpose of the seep blocker 438 may be 
to keep soap in the soap line to injector 26 from seeping or 
diffusing into the Water in the injector When no soap is being 
pumped. The conical space doWnstream of the seep blocker 
438 may be part of the seep hole 436, and designed to alloW 
the ?exing of the membrane and it’s opening to alloW soap to 
pass through. This space may be very small, so that only a 
minuscule amount of soap can commingle With Water stand 
ing in the injector. Thus a Water only discharge may have so 
little soap that it Will be of no consequence in normal opera 
tion. This may also keep soap from getting into the plumbing 
upstream of the soap dispensing system should there be a 
failure in Water pressure. If this Were not so, some kind of 
anti-siphon valve may be required in soap dispensing system 
installations that connect With municipal Water supplies. The 
normal position of the seep blocker 438 may be With the cut 
in seep blocker closed due to the plastic memory of the 
?exible material. Varying the thickness and type of cut in the 
membrane may vary the force of closure. Even very thin 
membranes may be quite resistant to alloWing the passage of 
soap. 

[0087] Referring noW to FIG. 10, a system diagram of the 
present invention in the form of a testbed or experimental 
setup is shoWn. This system is disclosed because some of the 
features may be useful not only for technical and scienti?c 
studies beyond the development and documentation of soap 
dispensing systems themselves, but may also have applica 
tion in industrial settings. A feature of this system may be the 
presence of the ?oW meter 470. This may provide essential 
feedback, actually measuring the true rate of Water ?oW 
through the system. In other systems, certain assumptions are 
made, primarily concerning the incoming pressure from the 
Water lines. Based on empirical experience for most purposes, 
a reasonable prediction can be made as to ?oW rates (as 
controlled by the proportional solenoid valves) that Will occur 
at certain valve settings. In such cases, obviously, both knoW 
ing the Water line pressure and minimiZing deviations from 
that line pressure may result in more predictable soap dis 
pensing system performance. In general such other systems 
assume Water ?oW rates and inject soap accordingly to 
achieve the desired mix of soap and Water. The experimental 
testbed may also feature a pressure regulator 462, Which may 
stabiliZe Water in the system at a set pressure for consistent 
results. Most relatively inexpensive regulators have a ten 
dency to leak, so that the pressure internal to the soap dis 
pensing system may build up to be higher than anticipated 
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When the proportional solenoid valve 386 is throttled. The 
solution may be a controlled leak, determined by setting of 
the manual ball valve 464, emptying the “leaked” Water into 
the drain 468. The rate of leakage may be determined visually 
observing the rate of Water ?oW into the drain 468. Pressure 
build up in the line upstream of the proportional solenoid 
valve 86 may make the valve someWhat unstable in it’s 
response. In other Words, the valve may most accurately 
meter Water ?oW When Water pressure feeding it is knoWn and 
relatively constant. The pressure test gage 466 may alloW for 
monitoring of the pressure upstream of the proportional sole 
noid valve 386. 
[0088] Operation of the testbed con?rmed several sequenc 
ing related elements of special import to effective operation of 
the present invention: 
[0089] Faucet precharging occurs by providing a short 
burst of soap solution immediately after the user initiates a 
soap request. The purpose of this short burst of soap solution 
is to ?ll the faucet volume betWeen the injector and the outlet 
end of the faucet With the soap mixture, so that When the user 
places their hands under the faucet, the proper soap mixture 
may be all they receive. If this Was not done, the volume 
betWeen injector and outlet Would normally be ?lled With 
Water only, so if the user placed hands under the faucet to soap 
up, they might ?rst receive some Water before the soap solu 
tion arrived, so that some of the initial Wetting of the hands 
could be With Water only, Which may adversely affect the 
hand Washing process. 
[0090] The faucet precharging may occur in response to the 
user activating the soap button. After activation of the soap 
button, soap may be immediately provided to the soap inj ec 
tor and the Water valve may be controlled to alloW a ?oW of 
Water through the soap injector to create a soap and Water 
mixture for a predetermined period of time. During this pre 
determined period of time, the Water only ?lled in the volume 
betWeen the soap injector and the outlet end of faucet may be 
forced out of the faucet and replaced by the soap and Water 
mixture. At the end of the predetermined period of time, the 
?oW of soap to the soap injector and ?oW of Water through the 
in soap injector may be stopped. Once the user initiates Wash 
ing their hands, the soap and Water mixture may immediately 
?oW from the faucet. 
[0091] Faucet ?ushing occurs at the end of the faucet soap 
ing sequence and may normally not be noticed by the user, 
and may have minimal effect on the cleaning process. The 
purpose of this action is comparable to Faucet Precharging, 
but With the purpose of ?lling the volume betWeen injector 
and outlet With Water only, so that the next time the faucet 
discharges ?uid, it may be Water only, Which is appropriate 
for the next discharge, Which is Faucet Watering. 
[0092] During the faucet soaping sequence, soap may be 
provided to the soap injector and the Water valve may be 
controlled to alloW Water to ?oW through the soap injector for 
a ?rst predetermined period of time to provide the soap and 
Water mixture out the faucet to facilitate the user Washing 
their hands. At the end of the faucet soaping sequence, the 
?oW of soap to the soap injector may be stopped While the 
?oW of Water through the soap injector may continue for a 
second period of time. During this second period of time, the 
soap and Water mixture may be purged from the soap injector 
and the volume betWeen the soap injector and the outlet end of 
the faucet and replaced With Water only to insure that Water 
only ?oWs from the faucet during the next ?oW of ?uid from 
the faucet. 
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[0093] It is to be noted that both faucet precharging and 
faucet ?ushing may require less Water if the volume of the 
faucet Water passageWay from the injector to the outlet end of 
the faucet is at a minimum. A smaller diameter and shorter 
Water passageWay may thus be desirable. In this regard, the 
faucet illustrated in FIG. 1, in Which the injector is in close 
proximity With the faucet discharge may be a nearly optimal 
design. 
[0094] Referring to FIG. 11, a perspective vieW, internal 
details of the right side of an alternative embodiment of the 
soap injector 20 is shoWn. The right and left sides of the 
injector may be similar, in the same Way the right and left 
sides of the injector shoWn in FIG. 9 may be similar: either 
one side or both sides may have a soap hole 436, a soap line 
to injector 26, and a seep blocker 438 as shoWn in FIG. 9. The 
tWo sides of the injector also may be located in correct align 
ment for bonding by several alignment bumps 446, that ?t 
into several alignment recesses 444, again as shoWn in FIG. 9. 
But instead of utiliZing vanes to act upon the ?uids ?oWing 
through the injector, this embodiment may utiliZe tWo slots, 
slot in right side of injector 476 and slot in left side of injector 
480, both of Which are in their respective shelves, shelf in 
right side of inj ector 474 and a shelf in the left side of injector 
(not shoWn). Again, please note that both the right and left 
sides of the injector may be identical. Water entering the 
injector may pass through both slots and may be directed in a 
counterclockwise rotation by the angled shape of the slot. 
This rather violent sWirling action may act upon the ?uids 
?oWing through the injector so they may be thoroughly mixed 
together into a consistent solution. The soap may enter this 
injector in the same manner soap enters the injector shoWn in 
FIG. 9. HoWever, there may be no additional mechanical 
stirring devices, either vanes or slots doWnstream of the soap 
injection. The sWirling and turbulence created by the slots 
may be su?icient to accomplish the mixing. 
[0095] Referring noW to FIG. 11A, an enlarged perspective 
exploded sectional vieW of the bottom portion of the left and 
right sides of the injector. The bottom portion of sectioned left 
side of inj ector 478 and the bottom portion of sectioned right 
side of inj ector 482 are shoWn oriented as they may be before 
being bonded together. The slot in left side of injector 480 is 
also shoWn. 

[0096] Finally, referring to FIG. 11B, an enlarged perspec 
tive sectional vieW of the tWo bottom portions of the injector, 
478 and 482 of FIG. 11A are shoWn here bonded together, 
With a seam betWeen left and right sides of inj ector 484, Where 
the tWo sides come together. This ?gure shoWs the relation 
ship of the tWo slots, 476, and 480. 
[0097] FIG. 12 is a pictorial vieW of a user programmable 
faucet, but may still be usable as a “standard faucet”. By 
manipulating the pointing device 698, and referring to the 
display/programming and status 600, the degree of sophisti 
cation in programming may be selected by the user, such as 
increasing the concentration of soap for handWashing or cre 
ating a unique sequence of soaping/pausing/rinsing for clean 
ing a number of items in assembly line fashion. The faucet 
may respond differently to different usersione Wanting a lot 
of soap for handWashing and long time for scrubbing upian 
other choosing little soap and a quick scrub time. Or the soap 
sWitch 690 may be programmed to give a “quickie Wash” 
When given a tap and a “standard Wash” When pressed nor 
mally. The display/programming and status 600 may shoW 
any desired information, including neW or updated material 
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provided by soap manufacturers to facilitate use of their prod 
ucts; here it shows the amount of the various products in the 
under counter containers. 

[0098] The display on the right side of the faucet base may 
have three areas: the left display area/ soap sWitch 692 relating 
to the soap sWitch 690; the middle display area/ selector dial 1 
694 relating to the selector dial 1 686; and the right display 
area/ selector dial 2 696 relating to the selector dial 2 688. An 
initial press on the soap sWitch 190 may be programmed to 
turn on the faucet, With subsequent single presses selecting 
the chosen type of soap as selected by selector dial 1 686, as 
indicated in the display area/selector dial 1 694ias shoWn 
here, PRODUCE. TWo or more quick presses may turn off the 
soap so that the faucet delivers Water only. Turning selector 
dial 2 688 through 3 detent positions from left to right may 
select the mode; MANUAL, AUTOMATIC (as shoWn here), 
or SENSOR. 

[0099] Referring to FIG. 13, a pictorial vieW of a system 
box With injector 802, and replaceable soap re?ll container 
808 is shoWn. Also refer to FIG. 14, a system diagram shoW 
ing the system box 802 of FIG. 13 in a soap dispensing 
system. The system box 802 may normally be attached under 
the counter With the line from the hot Water supply 842 
disconnected from the faucet and reconnected to the “in” 
connection (from supply) shoWn in FIG. 13. A neW hose may 
be connected betWeen the system box 802 and the hot Water 
side of the faucet, and the manual hot Water valve 832. The 
soap re?ll container 808 may be screWed in place on the 
system box With injector 802, and a soap button remote 36 as 
shoWn in FIG. 1 may be placed on the counter top 38, also 
shoWn in FIG. 1. After attaching a neW re?ll, the priming 
sWitch 804 may be pressed to purge air out of the system, and 
the soap dial 806 may be set for the desired concentration. The 
re?ll light 810 may come on When the soap level in the soap 
re?ll container 808 drops beloW a predetermined level, giving 
the user su?icient Warning to re?ll before running out of soap. 
[0100] When the soap re?ll container 808 is unscreWed 
from the system box With injector 802, the soap intake tube 
812 may be exposed. This tube may draW soap from the 
container to feed the soap pump 846. But it may also function 
as a sensor to determine When the level of soap loWers to a 
point When the event is signaled to the microcontroller 888. 
The non-conductive plastic soap intake tube may have tWo 
conductive strips on either side separated by several millime 
ters. These strips may run the length of the tube, each con 
necting inside the soap re?ll container 808 to electronic cir 
cuitry that determines if there is current ?oW betWeen the tWo 
strips. The electronics may detect an open or closed circuit 
With the Water in the soap acting as a conductor bridging the 
tWo strips. Actually, the conductors may be in tWo segments, 
an upper part of conductor 814 and a loWer part of conductor 
818, separated by a conductor cut 816 that electrically isolates 
the tWo parts of the conductors. The cut in the strips may 
determine the critical soap level Once the soap drips beloW 
the conductor cut 816, the circuit may be open Without any 
current ?oW betWeen the strips. (The continuation of the 
conductive strips beloW the cut may purely be for conve 
nience in manufacture. It may be easier to mechanically 
remove a small section of the strips in a simple and quick 
machining operation than removing the entire conductor 
beloW the cut.) 
[0101] Referring to FIG. 15, a left exploded vieW of a soap 
injector With an integrated check valve shoWs the three com 
ponents of the check valve: a stainless steel check valve ball 
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726, a tough plastic check valve cage 724, and a ?exible 
(silicone rubber) check valve channel 728. These components 
may be captured inside tWo check valve injector case sides 
722, With a venturi 723, and tWo counterclockWise vanes 742 
for mixing soap and Water. FIG. 15A, a left assembly vieW of 
the components of FIG. 15, shoWs that With su?icient How of 
Water through the injector, the check valve ball in strong ?oW 
position 730 may be carried up against the check valve cage 
stop 732 at the top of the check valve cage 724 alloWing Water 
to pass through the injector. As shoWn in FIG. 15B, a left 
assembly section vieW of the components shoWn in FIG. 15A, 
When Water ?oW stops, the check valve ball may be draWn 
doWn by gravity, settling onto a tapered hole in the check 
valve channel 728. The check valve ball in the no How posi 
tion 734 may rest on the curved intake lip making a secure 
seal. Any reverse ?oW or back?oW caused by a service inter 
ruption in Water may draW the ball doWn into the check valve 
channel 728. The gentle taper may alloW the ball easy entry 
With very loW backpressure. As shoWn in FIG. 16, an ortho 
graphic sectioned vieW of a soap injector With integrated 
check valve and inductive proximity sensor, With even higher 
suction, the check valve ball in back How position 740 may 
?nally stop at the radiused end of the hole, Where Water enters 
the injector. The ball may be forced up, out of the channel With 
resumption of normal Water ?oW pressure. The unique design 
With the ?exible channel may distinguish this check valve. 
The chosen durometer of the rubber and the taper of the hole 
may determine the pressures necessary to ?rmly lodge and 
dislodge the ball. 
[0102] Conventional check valves have a spring pressing 
on the ball to force it against a metal or hard plastic bore hole. 
Check valves, often double check valves, are back?oW pre 
vention devices designed to protect Water supplies from con 
tamination. Such valves are commonly required at the build 
ing level, and lacking such, residential installations of soap 
dispensing systems, as in the present invention, in Which soap 
and Water delivery systems are connected, Will likely be 
required by plumbing codes to have a check valve device 
associated With them. 

[0103] FIG. 16, an orthographic sectioned vieW of a soap 
injector With integrated check valve and inductive proximity 
sensor shoWs the check valve ball in back How position 740 
located in the sensing ?eld 738 of the inductive proximity 
sensor 736 that may detect the presence of the stainless steel 
target When it enters the sensing ?eld 738, Which may detect 
the ball When it is betWeen the no How position 734 and the 
back How position 740. The inductive proximity sensor 736 
may not detect the presence of the target When it is in the 
strong ?oW position 730, alloWing for the operation of the 
soap pump to inject soap into the Water. Whenever the ball is 
detected by the sensor, the microcontroller may be pro 
grammed so that the soap pump Will not operate. Thus the 
user may press on the soap sWitch, but the system may not 
respond. This may also happen With cold Water ?oW rates too 
loW for a proper mix of soap and Water, Which, appropriately, 
Will not lift the check valve ball 726 out of the sensing ?eld 
738. Another reason for having this lock out behavior of the 
soap pump With loW or no How Water situations may be to 
avoid a build-up of pressure inside the injector that could 
cause rupture or other system failure. If soap Were pumped 
and the manual hot Water valve is closed, there may be no 
place for the soap to go. 

[0104] FIG. 17 is a system diagram shoWing a point ofuse 
Water heater coupled With a soap dispensing system. The 








