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(57) ABSTRACT 
A foamed cleaning liquid dispensing system includes a 
cleaner cartridge, a How control device, and an aerator. The 
cleaner cartridge includes a collapsible bag containing a 
supply of cleaning agent. The How control device is con 
?gured to receive a How of the cleaning agent from the 
cartridge and a How of a primary cleaning liquid component. 
The How control device combines the ?oWs of cleaning 
agent and primary cleaning liquid component and produces 
an output How of cleaning liquid at an output. The aerator 
includes a noZZle having an inlet ?uidically coupled to the 
output of the How control device, an outlet, a body having 
a bore extending betWeen the inlet and the outlet, and a 
radial port. The noZZle is con?gured to receive the output 
How of cleaning liquid at the inlet, inject air into the output 
?oW of cleaning liquid through the radial port, and produce 
an output How of foamed cleaning liquid through the outlet. 
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FOAMED CLEANING LIQUID DISPENSING 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to mobile 
hard ?oor surface cleaners and, more particularly, to a 
foamed cleaning liquid dispensing system for use in a hard 
?oor surface cleaner. 

BACKGROUND OF THE INVENTION 

[0002] Hard ?oor surface cleaners are Widely used to clean 
the ?oors of industrial and commercial buildings. They 
range in siZe from a small model that is controlled by an 
operator Walking behind the machine, Which may clean a 
path ranging from 15 inches to 36 inches Wide, to a large 
model that is controlled by an operator riding on the 
machine, Which may clean a path as Wide as 5 feet. These 
hard ?oor surface cleaners include motoriZed drive Wheels, 
a solution tank to hold a cleaning solution and a recovery 
tank to hold soiled cleaning solution recovered from the 
?oor being scrubbed. 

[0003] The cleaning solution from the solution tank is 
applied to the hard ?oor surface adjacent a motoriZed scrub 
head. The cleaning solution is typically a mixture of a 
cleaning agent and Water. The scrub head generally contains 
one or more scrubber brushes attached either in front of, 
under, or behind the vehicle. The scrubber brushes are 
rotated to provide the desired scrubbing engagement With 
the hard ?oor surface. The soiled cleaning solution is then 
recovered using a solution recovery system, Which returns 
the soiled cleaning solution to the recovery tank. 

[0004] Conventional hard ?oor surface cleaners apply the 
cleaning liquid to the ?oor at a high volume ?oW rate to 
provide complete Wetting of the ?oor being cleaned. This 
Wetting of the hard ?oor surface alloWs the scrub head to 
transfer dirt from the ?oor into the cleaning liquid, Which is 
then removed from the hard ?oor surface and deposited in 
the recovery tank as soiled cleaning liquid. 

[0005] Unfortunately, the high volume ?oW rate of the 
cleaning solution of prior art hard ?oor surface cleaners also 
results in eXtended operational doWntime due to the numer 
ous disposals of soiled cleaning solution and re?lls of 
cleaning solution that must be performed for a given job. 
Such re?lls typically involve manually ?lling the solution 
tank With Water and miXing in a cleaning agent or chemical 
to form the cleaning liquid. In addition to being time 
consuming, such manual miXing of the cleaning liquid 
invites errors in the formulation. Typically, operators add too 
much cleaning agent to the Water, Which results in an 
undesirable residue of the cleaning agent on the ?oor. The 
residue can be unsightly and slippery. 

[0006] There is a continued demand for improvements to 
hard ?oor surface cleaners including increasing the cleaning 
ef?ciency, improving control of the cleaning liquid formu 
lation, reducing residue on the hard ?oor surface folloWing 
a cleaning operation, and other improvements. 

SUMMARY 

[0007] The present invention is directed to a foamed 
cleaning liquid dispensing system for use in a mobile hard 
?oor surface cleaner. Embodiments of the present invention 
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operate to increase cleaning efficiency and improve the 
control of the cleaning liquid formulation by automating the 
formulation of the cleaning liquid. Additionally, the cleaning 
liquid dispensing system of the present invention converts 
the cleaning liquid into a foamed cleaning liquid to improve 
the cleaning ef?ciency of the cleaning liquid, Which alloWs 
for a reduction to the amount of cleaning agent that is used 
in the cleaning liquid formulation. This reduction to the 
amount of cleaning agent in the cleaning formulation 
reduces the amount of residue that remains on the hard ?oor 
surface folloWing a cleaning operation resulting in better 
looking and safer ?oors. 

[0008] The foamed cleaning liquid dispensing system gen 
erally includes a cleaner cartridge, a How control device, and 
an aerator. The cleaner cartridge includes a collapsible bag 
containing a supply of cleaning agent. The How control 
device is con?gured to receive a How of the cleaning agent 
from the cartridge and a How of a primary cleaning liquid 
component. The How control device combines the ?oWs of 
cleaning agent and primary cleaning liquid component and 
produces an output How of cleaning liquid at an output. The 
aerator includes a noZZle having an inlet ?uidically coupled 
to the output of the How control device, an outlet, a body 
having a bore extending betWeen the inlet and the outlet, and 
a radial port. The noZZle is con?gured to receive the output 
How of cleaning liquid at the inlet, inject air into the output 
How of cleaning liquid through the radial port, and produce 
an output How of foamed cleaning liquid through the outlet. 

[0009] Additional embodiments of the present invention 
are directed to a hard ?oor surface cleaner that includes 
embodiments of the above-described foamed cleaning liquid 
dispensing system, and a foamed cleaning liquid dispensing 
kit in Which embodiments of the above-described foamed 
cleaning liquid dispensing system are packaged for instal 
lation into a hard ?oor surface cleaner. 

[0010] Other features and bene?ts that characteriZe 
embodiments of the present invention Will be apparent upon 
reading the folloWing detailed description and revieW of the 
associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is simpli?ed side elevation vieW of a hard 
?oor surface cleaner in accordance With embodiments of the 
invention. 

[0012] FIG. 2 is a cross-sectional vieW of a ?uid recovery 
system and recovery tank of a hard ?oor surface cleaner in 
accordance With embodiments of the invention. 

[0013] FIG. 3 is a schematic diagram of a foamed clean 
ing liquid dispensing system in accordance With embodi 
ments of the invention. 

[0014] FIG. 4 is a simpli?ed front elevation vieW of a hard 
?oor surface cleaner having an open front portion eXposing 
a foamed cleaning liquid dispensing system in accordance 
With embodiments of the invention. 

[0015] FIG. 5 is a front elevation vieW and partial cross 
section of a cleaner cartridge in accordance With an embodi 
ment of the invention. 

[0016] FIG. 6 is a front elevation vieW of a cleaner 
cartridge illustrating various embodiments of the invention. 
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[0017] FIG. 7 is a perspective vieW of a housing of a 
cleaner cartridge in accordance With embodiments of the 
invention. 

[0018] FIG. 8 is a perspective vieW of a cleaner cartridge 
installed on a cartridge receiver in accordance With an 
embodiment of the invention. 

[0019] FIG. 9 is a cross-sectional vieW of an aerating 
noZZle in accordance With embodiments of the invention. 

[0020] FIGS. 10 and 11 are schematic diagrams of a 
foamed cleaning liquid distributor and aerator in accordance 
With embodiments of the invention. 

[0021] FIG. 12 is a side cross-sectional vieW of a portion 
of a scrub head and foamed cleaning liquid distributor in 
accordance With an embodiment of the invention. 

[0022] FIG. 13 is a schematic diagram of a foamed 
cleaning liquid distributor and aerator in accordance With 
embodiments of the invention. 

[0023] FIG. 14 is a cross-sectional vieW of distributing 
conduit shoWn in FIG. 13 taken generally along line 14-14. 

[0024] FIG. 15 is a schematic diagram of a foamed 
cleaning liquid distributor and aerator in accordance With 
embodiments of the invention. 

[0025] FIG. 16 is a schematic diagram of a foamed 
cleaning liquid distributor in accordance With embodiments 
of the invention. 

[0026] FIGS. 17 and 18 are simpli?ed front and side 
vieWs of a leading portion of a hard ?oor surface cleaner in 
accordance With embodiments of the invention. 

[0027] FIG. 19 is a side elevation vieW of a scrubber-less 
hard ?oor surface cleaner in accordance With embodiments 
of the invention. 

[0028] FIGS. 20 and 21 are simpli?ed front and side 
vieWs of a leading portion of a hard ?oor surface cleaner in 
accordance With embodiments of the invention. 

DETAILED DESCRIPTION 

[0029] The present invention is directed to a foamed 
cleaning liquid dispensing system, generally designated as 
100, for use With a hard ?oor surface cleaner, such as hard 
?oor surface cleaner 110 shoWn in FIG. 1. Hard ?oor 
surface cleaner 110 is illustrated as a Walk-behind cleaner 
used to clean hard ?oor surfaces 111, such as concrete, tile, 
vinyl, terraZZo, etc., over Which cleaner 110 travels. Alter 
natively, cleaner 110 can be a ride-on or toWed-behind 
cleaner performing a scrubbing operation as described 
herein. Cleaner 110 may include electrical motors poWered 
through an on-board poWer source, such as batteries, or 
through an electrical cord. Alternatively, an internal com 
bustion engine system could be used either alone, or in 
combination With, the electric motors. 

[0030] Cleaner 110 generally includes a recovery tank 
112, a lid 114, a cleaning liquid component tank 118, and a 
scrub head 120. Lid 114 is attached along one side of the 
recovery tank 112 by hinges (not shoWn) so that lid 114 can 
be pivoted up to provide access to the interior of tank 112. 
Tank 118 contains a primary cleaning liquid component (i.e. 
Water) that is combined With a cleaning agent by the 
dispensing system 100 of the present invention to form a 
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cleaning liquid that can be applied to hard ?oor surface 111, 
as Will be discussed in greater detail beloW. Scrub head 120 
includes a scrubbing member 122, shrouds 124, and a 
scrubbing member drive 126. Scrubbing member 122 may 
be one or more brushes, such as bristle brushes, pad scrub 
bers, or other hard ?oor surface scrubbing elements. Drive 
126 includes one or more electric motors to rotate the 

scrubbing member 122. Drive 126 may also oscillate scrub 
bing member 122. Scrub head 120 is attached to cleaner 110 
such that scrub head 120 can be moved betWeen a loWered 
cleaning position and a raised traveling position. Other 
embodiments of cleaner 110 Will be discussed beloW that 
utiliZe alternative scrub heads 120 and that eliminate the 
scrub head 120 completely. 

[0031] A machine frame or mobile body 127 supports 
recovery tank 112 on Wheels 128 and castors 129. Details of 
the frame are shoWn and described in US. Pat. No. 5,611, 
105, the disclosure of Which is incorporated herein by 
reference. Wheels 128 are preferably driven by a motor and 
transaXle assembly shoWn schematically at 130. 

[0032] The rear of the frame 127 carries a linkage 131 to 
Which a ?uid recovery device 132 is attached. In the 
embodiment of FIG. 1, the ?uid recovery device 132 
includes a vacuum squeegee 134 and a vacuum 135 com 

munication With an inlet chamber of recovery tank 112 
through a hose 136, Which is illustrated in greater detail in 
FIG. 2. The bottom of the inlet chamber is provided With a 
drain 140 With a drain hose 142 connected to it. Soiled 
cleaning solution that is collected by squeegee 134 is sucked 
into recovery tank 112 by vacuum 135. Aresidue of cleaning 
liquid typically remains on the hard ?oor surface 111 until 
air dried. Alternative mechanical devices, structures, or 
systems may be used to convey the soiled solution from the 
?oor surface into recovery tank 112. 

[0033] Cleaner 110 can include a battery compartment 150 
in Which batteries 152 reside. Batteries 152 provide poWer 
to drive motors 126, vacuum fan 154 of vacuum 135, and 
other electrical components of cleaner 110. Vacuum fan 154 
is mounted under lid 114. A control unit 156 mounted on the 
rear of the body of cleaner 110 includes steering control 
handles 158 and operating controls and gages for cleaner 
110. Additional aspects of automatic hard ?oor surface 
cleaners are disclosed in US. Pat. Nos. 5,483,718, 5,515, 
568, and 5,566,422, each of Which are incorporated herein 
by reference. 

[0034] Foamed cleaning liquid dispensing system 100 of 
the present invention dispenses a Wet foamed cleaning liquid 
for use by the hard ?oor surface cleaner 110 during surface 
cleaning operations. In general, dispensing system 100 com 
bines a cleaning agent With a primary cleaning liquid 
component (i.e., Water) to form a cleaning liquid, Which is 
then aerated to produce a foamed cleaning liquid for use by 
cleaner 110 to clean a hard ?oor surface. As Will be 
discussed beloW, the foamed cleaning liquid is a very Wet 
foam that alloWs for the complete Wetting of the hard ?oor 
surface. Additionally, the foamed cleaning liquid utiliZes 
very little cleaning agent thereby reducing the amount of 
residue remaining on the hard ?oor surface, reducing chemi 
cal Waste, and extending the life of the cleaning agent 
supply. 

[0035] FIG. 3 is a schematic diagram of dispensing sys 
tem 100 in accordance With various embodiments of the 
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invention. FIG. 4 is a simpli?ed front vieW of cleaner 110 
that includes dispensing system 100. Dispensing system 100 
generally includes a supply of cleaning agent 200, a How 
control device 202, and an aerator 204. Flow control device 
202 includes a cleaning agent input 206 that is con?gured to 
receive a How of cleaning agent 208 from supply 200. Flow 
control device 202 is also con?gured to receive a How of 
primary cleaning liquid component 210 at an input 212. 
Flow control device 202 is further con?gured to combine the 
?oWs of cleaning agent 208 and primary cleaning liquid 
component 210 and produce an output How of cleaning 
liquid 214 at an output 216. Aerator 204 is con?gured to 
receive the output How of cleaning liquid 214 and aerate the 
cleaning liquid to produce an output How of foamed clean 
ing liquid 218. A foamed cleaning liquid distributor 220 can 
receive the output How of foamed cleaning liquid 218 and 
discharge the output How 218 for Wetting of a surface 222, 
as illustrated in FIG. 2. 

[0036] The primary cleaning liquid component 224 is 
preferably Water and is contained in tank 118 or provided 
from another source. The How of primary cleaning liquid 
component 210 is preferably driven through conduit 226 by 
a pump 228 at a How rate that is desired for the cleaning 
operation. In accordance With one embodiment of the inven 
tion, the How of primary cleaning liquid component 210 is 
driven at a substantially constant ?oW rate of approximately 
0.5 gallons per minute. Pump 228 is generally positioned in 
line With ?uid conduit 226 and includes an outlet 230 that is 
maintained at a desired high pressure. In accordance With 
one embodiment of the invention, the pressure at outlet 230 
is held substantially constant at approximately 60 pounds 
per square inch (psi). 

[0037] Cleaning agent supply 200 may include one or 
more surfactants, builders, solvents, or other components. In 
accordance With one embodiment of the invention, cleaning 
agent 200 includes an anionic surfactant, a non-anionic 
surfactant, a cationic surfactant, or a combination thereof. A 
particularly preferred surfactant is DeTeric CP-Na-38 manu 
factured by DeForest Enterprises, Inc. of Boca Raton, Fla. 
Cleaning agent is preferably in a concentrated form (e.g., 
more than 30, solids). In accordance With one embodiment 
of the invention, the supply of cleaning agent 200 is con 
tained in a container such as a collapsible bag 232 of a 
cleaner cartridge 234 (FIG. 2), Which Will be discussed in 
greater detail beloW. 

[0038] Flow control device 202 preferably combines the 
How of cleaning agent 208 With the How of primary cleaning 
liquid component 210 at a ratio of 1 part cleaning agent to 
1000 parts primary cleaning liquid component. Accordingly, 
the resultant cleaning liquid 214 is formed of 0.1% cleaning 
agent, Which is substantially less than conventional hard 
?oor surface cleaning liquids. As a result, the present 
invention leaves very little cleaning agent residue on the 
surface 222, produces very little chemical Waste, and 
increases the life of the cleaning agent supply 200. 

[0039] Flow control device 202 injects the How of clean 
ing agent 208 into the How of primary cleaning liquid 
component using an injector 236 at a rate that is generally 
less than 10.0 cubic centimeters per minute and is preferably 
less than approximately 2.0 cubic centimeters per minute to 
provide the desired 0.1% concentration level of cleaning 
agent in the cleaning liquid 214 When the How of primary 
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cleaning liquid 210 is approximately 0.5 gallons per minute. 
Injector 236 preferably operates to siphon the cleaning agent 
How 208 from the supply 200 using a venturi member 238. 
In operation, the How of primary cleaning liquid through 
venturi member 238 creates a vacuum, preferably approxi 
mately —12.0 psi, that draWs the How of cleaning agent 208 
into the How of primary cleaning liquid component 210 at 
the desired rate. One such suitable ?oW control device 202 
is the 50580 siphon produced by Spraying Systems Com 
pany of Wheaton, Ill. 

[0040] The vacuum produced by How control device 202 
alloWs the supply 200 contained in collapsible bag 232 of 
cleaner cartridge 234 to be completely drained regardless of 
its position. That is, cleaner cartridge 234 can be positioned 
below How control device 202 Without affecting the draW of 
the cleaning agent 200 through conduit 240. HoWever, it is 
preferred that the length of conduit 240 be kept to a 
minimum to avoid unnecessary resistance to the How of 
cleaning agent 208 therethrough. 

[0041] In accordance With one embodiment of the inven 
tion, the injector 236 is adjustable using, for example, a 
needle seat valve 242 that is con?gured to provide accurate 
adjustment to the sloW output How of cleaning agent 208. 
Needle seat valve 242 preferably includes a sharp needle 
having for example, a tWo degree needle tip for improved 
sensitivity. 
[0042] Dispensing system 100 preferably includes a valve 
244 as a component of How control device 202 (FIG. 2) or 
as a separate component (FIG. 3) that is in line With supply 
200. Valve 244 can also be formed as part of the injector 236. 
In accordance With one embodiment of the invention, valve 
244 is a check valve that operates to prevent the back?oW of 
cleaning agent and/or primary cleaning liquid component 
through ?oW control device 202 When the How rate of the 
How of primary cleaning liquid component 210 drops beloW 
a threshold value. For example, valve 244 can be a 1.0 psi 
check valve that terminates the How of cleaning agent 208 
When the pressure at the upstream side 246 is beloW 1.0 psi, 
as Would occur When pump 228 is deactivated. 

[0043] In accordance With one embodiment of the inven 
tion, system 100 includes one or more additional supplies of 
cleaning agent that can be selectively mixed With the How of 
primary cleaning liquid component 210 in addition to ?rst 
supply of cleaning agent 200 or in the alternative. Thus, 
system 100 can include a second supply of cleaning agent 
250, such as a surfactant as described above for ?rst cleaning 
agent supply 200. Alternatively, second cleaning agent sup 
ply 250 can be a brightener, a disinfectant, or other surface 
treatment chemical. Supply of second cleaning agent 250 is 
preferably contained in a container, such as collapsible bag 
232, of a cleaner cartridge 234 as discussed above With 
respect to ?rst cleaning agent supply 200. 

[0044] In accordance With one embodiment of the inven 
tion, a second ?oW control device 252 is provided to control 
the injection of a How 254 of the second cleaning agent from 
supply 250. Flow control device 252 includes valve 256 and 
an injector 258, Which generally operate in the manner 
described above for the corresponding components of How 
control device 202. Valves, such as valves 244 and 256, can 
be selectively opened and closed to control Whether one or 
both of the ?rst and second cleaning agent supplies 200 and 
250 is added to the How of the primary cleaning liquid 














