AUTOCLAVABLE BUCKETLESS CLEANING SYSTEM

FIELD OF THE INVENTION

The present invention generally relates 10 a sysiem for performing cleaning operations
in cieanroom environments, More particulariy. the present invention relates 1o a washing

vsiem that is bucketless and compietely auioclavable and has improved safery features.

BACKGROUND OF THE INVENTION

Many industries require controlled environmenss that are free from contaminants.
such as in surgical suftes in hospitals. pharmaceutical and biotechnology manufacturing
facilities and laboratories. medical device manufaciuring facilives. and micro-glectronics
manufacturing facilives, Such industries utilize cleanrooms io provide environmens in
which dust. small particles and other contaminants are reduced. Cleanrooms can funetion
effectively only when every effort is 1aken 10 maimain the leve! of contro] necessary 1©
preciude contamination in their controlled environments. Contamination most often is cause
by workers in the cleanroom andror by items brought into the cleanroom. The problems
associated with keeping these rooms clean have not been easily solved.

Rigorous regulatorv guidelines have heen esiablished. and continue 16 be developed.
utilizing a variery of inter-related methodologies for operating cleanrooms 1n a manner best
surted to exclude unwanted comaminants from the conrolled environment. In adbering 10
these regulatory guidelines and assuring an accepiable environment in which o manufacture
certain products. indusiries must be able 1o address known contamination with a documentisd
control. which requires a cleaning regime that has been provern effectve. Maintaining a
cleaning sysiem that 1s meaningful. manageabie and defendable, however. becomes complex
in production areas based on 2 multwde of variables

One such varnable that determines the effectiveness of & cleaning svslem is the abiiity

1o properlv contact congaminants in a manner sufficient to neuwralize or remove them. Morz



specifically. a chemical agem capable of destoving the cells of contaminans needs
saturate and penetrate the cel! walls over a specified contact time. Chemical agants are

applied using various techniques. including using a spraver. 2 mop. and/or a fogger
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Although spravers. mops with buckets and foggers have all been wiilized in varying capacines
and with varving success in cleanroom applicatons. the more of these separaie components
that are inroduced into the controlled environment of a cieanroom. the greater the likelihood
of imroducing contaminants into the conwolied environment.

Even when few components are introduced into a cleanroom. the likelihood of
introducing contaminants along with the components increases every iime & component must

be removed and re-introduced 1o the controlied environment during the cleaning operation.
For example. the use of 2 mop with a bucket results in “dirty water” mopping. which may
actuallv contribuie o the spread of contaminants. The bucket. therefore, must be rouunely
emptizd and refilled. This not only increases the likelihood of introducing comaminants ino
the cleanroormn. it also increases the volume of cleaning agents required w compiete the
cleaning operation.

In an attempt 1o address the above issues. at least one svsiem has been developed that
includes a spraver. 2 sponge mop and a fogger all in one unit. This prior ar svstem.
illostrated in FIGS. 1 and 2. is offered by Veliek Associawes. Inc. under the name
Core2Clean®, The unit includes & re-sealable pressure vessel 2 for storing cleaning
solutions. such as disinfecrant. therein 56 as o protect the cleaning solution from
contaminants when the unit is being used in a cleaning operation. The vessel 2 can be un-

sealed by removing 2 vessel Bid 4. at which point a cleaning solution may be placed in or
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removed from the vessa The vessel 2 1z awtoclavable 1nside and ous in the un-sealed

d

configuration. Afier cleaning soiution s placed in the vessel 2. it can be sealed from exiernal

comaminanis by instaliing the vessel lid 4.



Cleaning solution can be dispensed from the sealed vessel 2 vig the spraver. sponge

Ve

mop or fogger on an as-needzd basis, thereby eliminating contamination due 1 the need 1o
change dirty cleaning solutions during cleanroom washing. which also reduces the wial
volume of cleaning solution required 10 perform a cleaning operation. To provide the abiiite
1o dispense a continuous flow of cleaning solunon in this unit. however, the svsiem is
operated by compressed gas. such as compressed air. The use of compressed air in a pressure
vessel 2 creates many potenual dangers arising from z potential sudden release of the
pressure. Accordingly. safe operation of such & svstemn requires implemenation of various
pressure reguiating devices.

As illuswated in FIG. 1. the prior art sysiem includes 2 pressure vessel 2 having a
vesse] id 4. a handle 6. a firs: connection point &, and a second connection point 10, The
vessel 1id 4 can be removed 10 access the inside of the vessel 2 1w add or remove contenis,
such as cleaning sojutions. The vessel 1id 4 mainuains an airught szal in the vessel 2 when
insialled. The handle 6 is used w faciinate removal and installation of the vessel iid 4.

As ilustrated 1o FIG. 2. the prior an svstem also includes a drain valve 12, an outie
regulator assembly 14, and ap inlet regulator assembly 26, The drain valve 12 15 located
substantiallv at the bottom of the vessel 2 and i3 used 1o drain cleaning and rinsing solutions
out of the vessel 2 when the vessel 2 15 being cleaned. The outlet reguimor assembiv 14 is
installed at the first connection poim § and 1s used 1o dispense cleaning solution from the

vessel using a cleaning applicator. such as 2 spraver. sponge moyp or fogeer. The iniet

regulator assembly 26 is installed at the second connection poim 10 and 1s used 1w charge the

vessel 2 with air pressure. The outlet reguiator assembly 14 and the inler regulator assemnbly
24 arz remoevable from the vessel 2 se the vessel 2 may be properiy autoclaved.

3

he first connection point & inciudes a dip tube assembiy 16 that is in fuid

communicaiion with the botiom of the vesse! 2 so that cleaning solution can be extracied



therefrom. Because only the first connection point § includes a dip rube assembly 16 for
extracting fluids from the botiom of the vessel 2. the outlet regulator assembly 14 and the
inlet regulator agsembly 26 cannot be interchangeably installed on the first connection point 8
and the second connection point 10. Accordingly. the outlet reguiator assembly 14 can only
be installed at the first connection paint 8. Further. both the first connection point § and the
second connection point 10 include imernal check <vpe valves that are in the closed positon
to prevent fluid communication between the inside of the vessel 2 and the outside of the
vessel 2 when the outlet reguiator assembly 14 and the inlet regulator assembly 26 are not
respectively installed therein.

As used herein. the werm “fluid communicauon™ includes a path by which liguids or
gases mav move batween two or moye structures, The term “gas communicaton” includes a
path by which gases. such 25 air or stsam. may move between two o1 more structures. Also
herein. the terms “air” and “gas™ are used interchangeably. uniess otherwise apparent from
the context.

The outier regulator assembly 14 of the prior art svsiem includes an outlet connector
1§, an injet connector 20, an ocutlet manual control valve 22, and an outlet pressure gauge
When using the svsiem 1o dispenss cleaning sohuion. cleaning appliicators. such as a spraver.
sponge mop and foguer. are interchangeably connected 1o the outlel regulator assembiy 14 ar

the outlet connector 18. With the cleaning applicator connecied to the outlet regulator

assembiv 14, the outlet repulator assembiv 14 is then instalied on the vessel 2 ar the first

connection point 8 via the inlet commector 20 of the outlet regulator assembly 14, After the
vesse! 2 has been charged. a user may manually adjust the pressure with which the cleaning
solution s dispensed from the vessel 2 by opening or closing the outier manual control valve

22 as required until the desired pressure 18 observed on the outlet pressure gange 24,
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Charging the vessel 2 is described in more detail below with reference to the inlet regulator
assembly 26,

The inlet regulator assembly 26 of the prior art svstem includes an outlet connector
28, an inlet connector 30, an inlet manual control valve 32, a relief valve 34, an inlet pressure
gauge 36, and a manual purge valve 38. To place a charge on the vessel 2, the inlet regulator
assemnbly 26 is installed on the vessel 2 at the second conmection point § via the outlet
connector 28 of the inlet regulator assembly 26. With the inlet regulator assembly 26
installed on the vessel 2. a charging device (not shown), such as a pressurized tank or line, is
then installed at the inlet connector 30 of the inlet regulator assembly 26. The user must then
open the inlet manual control valve 32 to allow air pressure in the charging device to be
ransferred into the vessel 2. The user must manually adjust the air pressure in the vessel 2
by opening or closing the inlet manual control valve 32 as required until the desired pressure
is observed on the inlet pressure gauge 36.

If the pressure inside the vessel 2 reaches a predetermined value. such as 100 psi
(689.475kPa), or greater at any point while the inlet regulator assembly 26 is installed on the
vessel 2, the relief valve 34 will release some of the air pressure to prevent the air pressure
within the vessel 2 from exceeding the predetermined value, Excess pressure can be released
from the vessel 2 in this manner, however, only when the inlet regulator assembly 26 is
instalied on the vessel 2. There are no means by which to relieve excess pressure from the
vessel 2 when the inlet regulator assembly 26 is not installed on the vessel 2.

The inlet regulator assembly 26 of the prior art system is also used to purge the vessel
2 of air to remove any pressure within the vessel 2. The vessel 2 may need to be purged, for
example. before checking or servicing any part of the system. before loosening or removing
the vessel lid 4, or after the user has concluded use of the system. To purge the system, the

inlet regulator assembly 26 must be mnstalled on the vessel 2 at the second connection point
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10 via the outlet connector 28 of the inlet regulator assembly 26. There is fiuid
communication berween the manual purge valve 38 and the vessel 2 whenever the inlet
repulator assembly 26 is installed on the vessel 2 at the second connection point 10.
Accordingly. the prior art system may purged using intet manua) control valve 32. the
manual purge valve 38. or a combinanon thereof. but the inlet regulator assembly 26 must be
installed on the vessel 2 at the second connection pomt 10,

To purge the prior art system while the charging device instalied at the inlet connector
30 of the iniet regulator assembly 26. the inlet manual control valve 32 must be in the closed
position so that air from the charging device is not continuously supphied to the vesse} 2.
therebv preventing proper purging. The inlet manual comtrol valve 32 includes an orifice that
15 in fluid communication with the ouside of the vessel 2 when the mnlet manual comrol valve

Y is closed. Accordingly. alr may escape form the vesse] 2 via the orifice when the injes

4

manual comtrol valve 32 1s closed. thereby purging the vessel 2. The vessel 2 is therefore

~

purged by ciosing the miet manual control valve 32 if the charging device is instalied in the

inlet reguiator assembly 26, The manual purge valve 38 may also be opened in {hus

=
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configuration to allow alr within the vessel to escape therethrough. the manual purge valve 38§

N

therehy operating simultaneously with the orifice of the inlet manual comrol vajve 32 to
puree the vessel

The prior art svstem. however. is more likely o be purged with the charging device

oY

removed from the inlet connector 30 of the inlet regularor assembly 26. To purge the vessel 2
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with the charging device removed from the iniet reguiator assembly 26. the inlet manual

comntrol vaive 32 may be in the open or closed positon. The vessel 2 may be purged by
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placing the inlef manual conwol vajve 3

~m

2 in the closed posiyon. thereby allowing air within

the vessel 2 10 escape through the orifice in the inlet manual conwol valve 32, The manual

purge valve 38 may also be opened in this configuration 1o allow air within the vessel w
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escape therethrough, the manual purge valve 38 thereby operating simultaneously with the
orifice of the inlet manual control valve 32 1o purge the vessel. The vessel mav alsa be
purged by placing the inlet manual conrol vaive 32 in the open position.  With the inler
manual controf vatve 32 in the open position. air within the vessel 2 may not escape through
the orifice in the inlet manual control valve 32, Accordingiv. the manual purge valve 38 is
opened to allow air 1o escape from the vesse] 2 when the inlet manual control valve 32 isin
the open pesition. thereby purping the vessel 2

Thus. & manual purge valve 38 and inlef pressure gauge 36 must be disposed on the
injet regulator assembly 26 to purge the system.  Accordingiv. the et regulator assembly
36 must be installed on the vessel 2 of the prior art svsiem 1o purge that svstem. This is not
only an unnecessarily complicated configuration. 1t alse poses certain safety risks.

LUsing the miet manua! control valve 32, the manual purge valve 38, or & combination

thereof as described above. the subject valve(s) remain open untl the user ohserves a
pressure of zero () psi on the inlet pressure gauge 36 and can no longer hear air escaping the
vessel 2. Afier the vessel 2 1s purged. the inlel regulator assembly 26 is removed from the

vessel 2 to allow the vessel 2 1o be sterilized by 2 process such as autoclaving. Autoclaving

meludes wrilizing high temperature steam In a sierilization process.

To autoclave the vessel. the vessel bd 4 must be removed and the drain valve 1218

opened 1o allow sieam 1o pass through the vessel 2. The outlet regulator assembiv 14 and the
inlet regulator assembly 26 are removed from the vessel 2 during autociaving because they
are pot autoclavable. The outlet regulator assembly 14 and the injet regulator assembiv 26
are not autoclavable because they are not configured o allow steam 1o pass therethrough and

B

because their respective components 18-24 and 28-38 are not designed 1o withsiand the high

lemperatures associated with antoclaving, Thus. the outler connector 18. inler connecior 20.

outlet manual control valve 27 and outlet pressure gauge 24 of the outlet regulator assembiv
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14 and the outlet conmector 28. inlzt connector 30. inlet manual control valve 32, relief valve
34. iniet pressure gauge 36, and manual purge valve 38 of the inlet regulator assembiy 26 are
all not autoclavable. These components, therefore. can rap bacteria therein. which will

adversely affect 2 subsequent cleaning operation using the system. thereby reducing the
reliabilitv and control of the svstem. Accordingly. there is a presemt a need for 2 sysiem for

effectvely washing cleanrooms in which all of the compaonents are autoclavable, and in

which the steps of charging. operating. and purging the system are both simpier and safer.
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SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided an autoclavable
bucketless cleaning system comprising: an autoclavable vessel with an inside for storing fluid
under pressure, the vessel including a first connection point and a second connection point
disposed at an outside of the vessel; an autoclavable outlet regulator assembly for dispensing
fluid from the vessel, the outlet regulator assembly being removably connected to the vessel
at the first connection point so as to be in fluid communication with the inside of the vessel,
the outlet regulator assembly comprising an outlet connector with a first internal check-type
valve configured to be in a closed position when not connected; an outlet autoclave stem
configured to mate with the outlet connector to open the first check-type valve when
connected to the outlet connector; an autoclavable inlet regulator assembly for pressurizing
the vessel, the inlet regulator assembly being removably connected to the vessel at the second
connection point to be in fluid communication with the inside of the vessel, the inlet regulator
assembly comprising an inlet connector with a second internal check-type valve configured to
be in a closed position when not connected; and an inlet autoclave stem configured to mate
with the inlet connector to open the second check-type valve when connected to the inlet
connector,

According to a second aspect of the present invention, there is provided a method of

performing a cleaning operation with an autoclavable bucketless cleaning system, the method

including a first connection point and a second connection point disposed at an outside of the
vessel; removably connecting an autoclavable outlet regulator assembly on the vessel at the
first connection point so the outlet regulator assembly is in fluid communication with the
inside of the vessel, the outlet regulator assembly comprising an outlet connector with a first

internal check-type valve configured to be in the closed position when not connected,;
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removably connecting an autoclavable inlet regulator assembly on the vessel at the second
connection point so the inlet regulator assembly is in fluid communication with the inside of
the vessel, the inlet regulator assembly comprising an inlet connector with a second internal
check-type valve configured to be in the closed position when not connected; pressurizing the
inside of the vessel via the inlet regulator assembly; dispensing cleaning solution from the
inside of the Véssel via the outlet regulator assembly to clean a designated area; removing any
pressurized gas that remains inside the vessel after the designated area is cleaned; removing
any cleaning solution that remains inside the vessel after the designated area is cieaned,
removing a lid from the vessel and opening a drain valve at the bottom of the vessel so that
steam may pass through the vessel; installing an outlet autoclave stem in the outlet regulator
assembly so that steam may pass through the outlet regulator assembly; installing an inlet
autoclave stem in the inlet regulator so that steam may pass through the inlet regulator
assembly; and autoclaving each of the vessel, the outlet regulator assembly, and the inlet

regulator assembly.
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These and other embodiments of the invention, as well as many of the intended
advantages thereof, will become more readily apparent when reference is made to the

following description, taken in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a top view illustrating a pressure vessel of a prior art bucketiess
cleanroom washing system.

FI1G. 2 is a side view of the prior art bucketless cleanroom washing system illustrated
in FIG. 1. including an inlet regulator assembly and an outlet regulator assembly.

FIG. 3 shows a wop view iljustrating a pressure vesse! in accordance with a non-
limiting embodiment of the bucketless cleanroom. washing svstem of the present invention.

F1G. 4 15 a side view of the bucketless cleanroom washing sysiem illustrated in FI1G.

3. including an inlet regulator assembly and an outlet regulator assembly.

—
J—



h

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Many non-limiting aspects of the present invention can be better understood with
reference to the following figures. The components in the figures are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present invention.
Moreover, in the figures, like reference numerals designate corresponding parts throughout
the several views. Further. in describing the non-limiting aspects of the present invention
itlustrated in the figures, specific terminology is resorted to for the sake of clarity. Each
specific term, however, 1s meant to include all technical equivalents that operate in a similar
manner to accomplish a similar purpose. The present invention. therefore, 1s not limited to
the specific terms so selected.

Tumning to the figures, FIG. 3 shows a top view illustrating a non-limiting
embodiment of the autoclavable bucketiess cleanroom washing system 100 of the present
invention. The system 10C includes a re-sealable pressure vessel 102 having a vessel Hd 104,
a handle 106, a relief valve 108, a manual purge valve 110, a vessel pressure gauge 112, a
first connection point 114, and a second connection point 116. The vessel 1id 104 can be
removed to access the inside of the vessel 102 to add or remove contents. such as cleaning
solutions. The vessel lid 104 maintains an airfight seal in the vessel 102 when installed. The
handle 106 is used to facilitate removal and installation of the vessel lid 104, The relief valve
108 automatically opens to relieve pressure from the vessel 102 when the pressure therein
exceeds a predetermined value. for example 90 psi (620.528 kPa). The manual purge valve
110 is used to purge the vessel 102 of pressurized gas to remove any pressure inside the
vessel 102, The vessel may need to be purged, for example, before checking or servicing
any part of the system, before loosening or removing the vessel lid 104, or after the user has
concluded use of the system. The vessel pressure gauge 112 allows a user to observe the

pressure within the vessel 102 at all times.
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The vessel hid 104 includes a handle 106 disposed thereon for removing and installing
the vessel lid 104 on the vessel 102. The vessel lid 104 is sealably installed at the top of the
vessel 102 with edges at the perimeter of the vessel lid 104 engaging corresponding edges in
an opening at the top of the vessel 102 so as to create an airtight enclosure within the vessel
102 when installed. The airtight scal created by installing the vessel lid 104 in the vessel 102
allows fluids to be stored inside the vessel 102 and placed under pressure. The vessel lid 104
may be removed so that fluids can be placed in the vessel 102 through the opening at the top
of the vessel 102, In an exemplary embodiment of the present invention, the vessel 102 is
ASME rated to at least 90 psi (620.528 kPa} when scaled.

The relief valve 108 remains closed until the pressure inside the vessel 102 exceeds a
predetermined value, at which point the valve automatically opens to allow pressurized gas
inside the vessel 102 to escape until the pressure inside the vessel 102 is at or below the
predetermined value. The relief valve 108 is connectably disposed in the top of the vessel
102 and 1is in direct gas communication with the inside thereof. The relief valve 108 is
normally in the closed position so that there is not gas communication between the inside of
the vessel 102 and the outside of the vessel 102 via the relief valve 108, When the pressure
within the vessel 102 exceeds the predetermined value, the relief valve 108 will open to allow
gas communication between the inside of the vessel 102 and the outside of the vessel 102,
The relief valve 108 may be preset to open at any pressure value above the pressure value
that the vessel 102 is rated to safely contain, such as 90 psi (620.528 kPa). The relief valve
108 may also include an exhaust tube connected thereto for directing any gas released from
the relief valve 108 away from a user of the svstem 100,

The manual purge valve 110 1s manually opened and closed. As illustrated in the
exemplary embodiment of FIG. 4, the manual purge valve 110 is disposed at the top of the

vessel 102 with a vessel pressure gauge 112 connectably disposed between the manual purge
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valve 110 and the vessel 102. The manual purge valve 110 and vesse] pressure gauge 112 are
in gas communication with the inside of the vessel 102 and with each other. In another

exemplary embodiment of the system 100. the manual purge valve may be connectably
disposed in the top of the vessel 102 a1 one location so as to be in direct gas communication
with the inside of the vessel 102, and the vessel pressure gauge may be connectably disposed
directly in the top of the vessel 102 in another location so as 10 be in direct gas
communication with the inside of the vessel 102, The vesse] pressure gauge 12 measures
and displavs the pressure within the vessel 102

The manual purge valve 110 is normalty in the closed position so that there is not gas

communication between the inside of the vessel 102 and the outside of the vessel 102 via the
manual purge valve 110. Because it is disposed between the manual purge valve 110 and the

1

vesse! 102, the vessel pressure gauge 112 s in direct gas communicaion with the inside

!-.+~

the vessai 102 even when the manual purge valve 110 1s in the closed position. Thus. the
vessel pressure gauge 112 continuously measures and displavs the pressure within the vesse!
102 regardiess of whether the manual purge valve 110 1s in the open or closed position and

h? < o

whether the outiet regulator assembly 120 and/or the inlet regulator assembly 136 are

msialled on the vessel 102, The manual purge valve 110 can be opened 1o reduce or remove

~

pressure in the vessel 102, a process generally referred 10 as “purging” the vessel 102, The

¥

manual purge vaive 110 mav also include an exhaust be connected thereto for directing an
gas heing released from the manual valve 110 away from a user of the system 100.

As illustrated in FIG. 4. the svsiem 100 also includes a drain valve 118, an outler
regulaior assembly 120, and an inlet regulator assembly 136, The drain valve 118 15 Jocated

substantallyv at the hotiom of the vessel 102 and is used 1o drain the vessel 107 when the

vessel 102 i1s cleaned. The outler regulator assernbly 120 1g installed at the {irst connection

Rs
Q.
g
E:N
)
jon]
CL
Yo
7y
o
7
4]
[
Ced
o]
f iy
el
%)
3
n
?
T D
:.:
n’J
w
o]
=
1
o
o]
=3
g
o5
o]
=3
o~
&
133
,:,
¥
41
jd

nse ¢ a cleaning

s



applicator. such as a spraver 132, sponge mop 154 or fogger (not shownj. The inlet regulator
assembly 136 is installed at the second connection point 116 and is used to charge the vessel
102 with gas 10 a predetermined pressure vaiue,

The first connection point 14 includes & dip tube assembiv 127 that is in fluid
communicaton with the bottom of the vessel 102 so that cleaning solution can be exwracied
therefrom. Because only the first connection point 114 includes a dip tube assembly 122 for
extracting fluids from the botiom of the vessel 102, the owlet regulator assembly 120 and the
mlet regulator assembly 136 may not be interchangeably installed on the first connection
point 114 and the second connection point 116, Accordingiy. the outlet regulator assembly
120 may oniv be installed at the firsi connection point 114. Further. both the first connection

%

point 114 and the second connecton point 116 inciude imernal check-type valves that are in
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losed postion to prevem fluid communication berween the inside of the vessel 102 and
the outside of the vessel 102 when the outlet reculator assembly 120 and the infet regulator
assembly 136 are not respectively installed therein. When the inlet connestor 126 of the
outlet regulator assembliv 120 is installed at the first conmection point 114, the check-valve in
the first connection point 114 is opened so as to allow fluid communication batween the
vessel 102 and the outlet regulator assembly 120, When the outlet connector 140 of the inie
regulator agsembly 136 is installed at the second connection point 116, the check-valve in the
second connection point 116 is opened so as o allow fluid communication berween the vessel
102 and the inlet regulator assembly 136,

In an exemplary embodiment of the present invenuon. the {irst connection point 114
may be keved to only receive the injet connector 126 of the outlet regulator assembly 120 o
prevent mistaken!y installing the outlet regulator assembly 120 a1 the second comnection poimt

116 or installing the inlet regulator assembliy 136 at the firs: connecuion point 114,

o

Alternatively. the first connection point 114 and the second connection point 116 may be of

th



different sizes 10 prevent mistakenly installing the outlel regulator assembly 120 at the second
connection point 116 or installing the inlet reguiator assembly 136 at the first connection
point 114.

The outlet regulator assembly 120 of the svstermn 100 includes an outiet connecior 124,
an inlet connecior 126, an outlet metering valve 1 28. an outlet pressure gauge 130, an outler
autoclave stem 132, and a lanvard 134, The outlet connecior 124 is disposed at one end of
the outlet regulator assembly 120 and the inlet connector |26 is disposed at the other end of
the outlet regulator assembly 120, The outlet metering valve 128 and the outlet pressure
gaugs 130 are positioned between the outlet connecior 124 and the inlet connecior 126, The
outlet metering vaive 128 is posiuoned adjacent 1o the inlet connector 126 and the outlet
prassare gauge 130 is positioned between the outlet connector 124 and the outlet metering
valve 128, The outlel connecior 124, inler connector 126, outlet metering valve 128, and
outier pressure gavge {30 are connectably joined so that each member of the outlet reguiator
rgsembiv 120 is in fluid communicauion with cach other member. The outlet pressure gauge
130 measures and displavs the pressure berween the outiet metering valve 128 and the outlet
comnector 124,

The outlet metering valve 128 is manually opened and ciosed using a flow control
element. e.g.. 2 vaive handle. such that each incremental adiustunent of the flow control

element produces & substanuially proportonal change of the mass flow rate through the outler

metering valve 128, The owlet metering valve 128 of the present sysiem 100 differs from the
utlet manual control valve 22 of the prior art svsiem because it allows more accurate control
of flow rates. The outler metering valve 128 of the outlet regulaior assembly 120 is opened 1o
allow fluid communication between the outlet conpector 124 and the inlet connector 126 and
closed 1o prevent fluid communicauon berween the outlet connecror 124 and the inlet

-

connacior 126, Le.. 1o stop cleaning soluion from being d sed from the vessel 102 via
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the outlet regulator assembly 120. The outlet metering valve 128 may be partially opened
such that the amoumn of {Juid communication between the outlet connector 124 and the inlet
connector 126 corresponds to the amoum the outlet metering valve 128 15 opened. with a
larger opening corresponding 10 a larger amount of fluid communicauon.

In the non-limiting emhodiment of FIG. 4, the outlet connector 124 of the outlet
regulator assembly 120 is a fernale quick disconnect that includes an inmernal check-tvpe
valve configured 1o he in the closed position when not connected o a corresponding male
quick disconnect or autoctave siem. The inlet connector 126 of the outlet reguiator assembly
120 is a male quick disconnect that is configured 10 be open at all imes. Accordingly. when
a corresponding male quick disconnect or autoclave stem is not instalied at the outle
connector 126. there is no fiuid communication through the outlel regulator assembly 120 dus
10 the closed check-tvpe valve in the outlel connector 124, Le., fluid can emer the outlet
regulator assembiy 120 via the mlet connecior 126 bwt it carmot exit the outlet regulator
assembly 120 via the outlet connector 124, regardless of whether the outlet metering valve
128 is opened.

The outlet autoclave siem 132 mates with the outlet connector 124 of the outlet
reguiator assemblhy 120 so as 10 open the check-type valve in the outlet connector 124, This
allows steam 10 pass through the outlet regulator assemblyv 120 during awoclaving. Le.. ime
the inlet conmector 176 and out of the outlet connecior 124, The outlet antoclave stem 152 is
atiached 10 the outiet regulator assembiv 120 with the lanvard 134 so that the outlet awociave
stem 132 is not misplaced from the outlet regulator assembly 120 when not in use.

The inlet regulator assembly 136 of the svstem 100 inchudes an inlet connector 138,
an mutlet connector 140, a regulator vajve 142, an inlet autociave stem 144, and a lanvard
146, The inlet connecior |38 is disposed at one end of the inler regulator assembly 156 and

the outlet connector 140 is disposed at the other end of the inlet regulator assembly 136, The



regulator valve 142 is positioned between the inlet connector 138 and the outlet connector
140. The inlet connector 138, outlet connector 140, and regulator valve 142 are connectably
joined so that each member of the inlet regulator assembly 136 1s in fluid communication
with each other member.

The regulator valve 142 remains open until the pressure inside the vessel 102 reaches
a predetermined value. at which point the valve automatically closes 10 prevent more gas
from entering the vessel 102, thereby preventing the pressure of the gas in the vessel 102
from rising 1o a dangerous value, i.e.. above the pressure value that the vessel 102 is rated 10
comtain, The regulator valve 142 of the inlet reguiator assembly 136 is open 1o allow fluid
communication batween the inlet connector 138 and the outlet connzctor 140 unul the
pressure inside the vessel 102 reaches a predetermined value. al which point the regulator
valve 142 will close 10 prevent fluid communication between the infet connecior 138 and the
outlet connector 140. The regulator valve 142 is presat 10 close at a pressure value at or
helfow the pressure value that the vessel 102 is rated 1o safely contain. The reguiator valve
147 is used 1o fill the vessel 102 with pressurized gas. such as pressurized air, This process i3
generally referred 1o as “charging” the vessel 102.

In the non-lmiting embodiment of FIC. 4. the inlet connector 138 of the inles
regulator assembiy 136 is & female quick disconmect that includes an imernal check-tvpe
valve configured wo be in the closed position when not connecied 10 a corresponding male
quick disconnect or autoclave stem. The outlet connector 140 of the iniet regulator assembiv
136 is a male guick disconneet that is configured 1o be open at ail iimes. Accordingiv. when
a corresponding male quick disconnect or autoclave siem 1s not instalied at the inle:
connector 138, there 1s no fluid communication thraugh the inlet regulater assembhy 136 due
10 the closed check-1vpe vaive in the inlet connector 138, e fluld can enter the et

regulator assembly 136 via the outlet connector 140 but it canmot exit the inlet regulator



assembly 36 via the inlet connector 138, regardiess of whether the regulator valve 142 is

opened. The regulator valve 142 may also prevernt fluid from exiting the iniet regulator

assembly 136 via the inlet connector 138 by being configured 1o function as a directional-
tvpe valve in addition to functioning as a regulator valve, thereby allowing fluid 1o flow
through the inlet regulator assembly 142 only in a direction from the inlet connector 138 10
the outlet connector 140,

The iniet autoclave stemn 144 mates with the inlet connector 138 of the inler regulator
assembly 136 50 as 10 open the check-type valve in the inlet connector 138, The inlet
autociave stem 144 is connecied at the inlet connector 138 1o aliow steam 10 pass through the
inler regulator assembly 136 during awoclaving. 1.e.. into the inlet connector 138 and ouv of
the outiet connector 140, The iniet autoclave siem 144 may be antached 1o the infet regulator
assembly 136 with the lanvard 146 so that the inlet autoclave stem 144 is not misplaced from
the inlet regulator assembiy 136 when not in use.

The above-described components of the svstem 100 may be udlized rogether w
perform a cleaning operation of a cleanroonm. An exemplary embodiment of 2 method in
which the svstem 100 may be wilized in & cleaning operauon 15 described hereinafier with
reference to FIGS. 3 and 4. The method mcludes filling the vessel 102 with a cleaning
solution and sealing the vessel 102: connecting a cleaning appiicator to the outlet regulator
assembly 120 and installing the outlet regulator 120 on the vessel 102 installing the inle
regulator 136 on the vesse! 102 and connecting a charging devies 1o the inlet regutaior 136:
placing a charge on the vessel 102: dispensing the cieaning solution using the cleaning
applicator: purging the vessel 102 after dispensing the cleaning soluiion is completed:

draining and rinsing the svstem: and autoclaving the emire svsiem 100 afier the vessel 102

has been purged. These funcuions and the order in whick thev are performed are exemplary



and non-limiting. but are chosen as & preferred method for safe and efficient operation of the
system 100

To fill the vessel 102 with cleaning sohution. the vessel 1id 104 15 removed using the
handle 106. Before removing the vessel lid 104, ensure the vessel 102 has been purged as
discussed below using the manual purge vaive 110, A predetermined amount of cleaning

fluid is then placed inside the vessel 102 via an opening in the 1op thereof. After cleanin

fije]

solution is placed in the vessel 102, the vessel [id 104 is seajably instalied in the vessel 102 so
2s 10 create an airtight chamber within the vessel 102 thar includes the cleaning solution,

With the vessel 102 filled with cleaning soluton. a cleaning applicator 1s connecied o
the outlet regulator assembly 120 at the outlet connector 124, The cleaning applicator mayv be
connected 1o the outlet regulator assembiy 120 using an extension piece 148, such as a high
pressure coil hose assembly. The owlet autoclave stern 132 is not installed in the outlet
commector 124 when the cleaning applicator 1s connected 1o the outiet regulator asserbly 120
because a connection cannot be made with the outjet connector 124 when the outlet autociave
stemn 132 is installed. With the cleaning applicator connected 1o the outlet regulator assembly
120. the outlet regulator assembly 120 is then installed on the vessel 107 at the first
connection point 1 14 via the inlel connecior 126 of the outlet regulator assembly 120, With
the vessel 1072 sealed and the outler regulator assembiv 120 instalied on the vessel 102, &
charge may be placed on the vessel 102 A charge 1s preferably not placed on the vesse] 102
unti] after the outlet regulator assembiv 120 is insiailed on the vessel 102 because making the
above connections can be more difficult when the svstem Is pressurized.

To place & charge on the vessel 102, the iniet regulator agsembly 136 is ingstalled on
the vessei 102 at the second connection point 116 via the outlet connector 140 of the injet

regulator assembly 136, With the inlet regulator assemblv 136 instalied on the vessel 102, &

charging device (not shown). such as a pressurized tank. is then connecied 1o the mlet
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connector 138 of the inlet regulator assembly 136. The charging device may be connected to
the inlet regulator assembly 136 using a charging hose 150, such as a high pressure coil hose
assembly. The charging hose 150 is connected to the inlet regulator agsembly 136 only after
the inlet regulator assembly 136 is installed in the vessel 102 because the connection between
the inlet regulator assembly 136 and the vessel 102 can more difficult to make when there is
pressure within the inlet regulator assembly 136, The inlet autoclave stem 144 is not installed
in the inlet connector 138 when the charging hose 150 is connected to the inlet regulator
assembly 136 because a connection carnmot be made with the inlet connector 138 when the
inlet autoclave stem 144 is installed. When the charging hose 150 is installed in the inlet
regulator assembly 136, the vessel 102 will automatically receive a predetermined amount of
pressurized gas from the charging hose 150 until the pressure in the vessel 102 reaches a
predetermined value, the predetermined value of pressure corresponding to the pressure at
which the regulator valve 142 is set 1o close. Thus, a user just connects the charging hose
150 to the inlet regulator assembly 136 and the regulator valve 142 closes when the pressure
inside the vessel 102 reaches the desired predetermined pressure value. In an exemplary
embaodiment of the present invention, the regulator valve 142 is set to close at 90 psi (620.528
kPa).

This is an improvement over the prior art svstem in which 2 user had to use an inlet
manual control valve (see FIG. 2. element 30} to manually adjust the pressure placed in the
vessel while observing the inlet pressure gauge (see FIG. 2, element 34) until the desired
pressure 1s obtained. In the present invention, the desired pressure placed in the vessel 102 1s
obtained automatically via the regulator valve 142, thereby simplifying the charging process.
Accordingly, this makes the system 100 more efficient in a cleaning operation by eliminating
a step of manual adjustment. This also makes the system safer by allowing a regulator valve
142 to be set at a predetermined pressure that is at or below the pressure value that the vessel

102 is rated to safely contain and to prevent overflow. Thus, the need for an inlet manual
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control valve 32 and an inlet pressure gauge 36 on the inlet regulator assembly 26 as in the
prior art system 1s eliminated.

If the regulator valve 142 malfunctions and does not open at the desired pressure, or if
a user of the system bypasses the inlet regulator assembly 136 and tries to place a pressure in
the vessel that exceeds the pressure value that the vessel 102 is rated to safely contain, the
relief valve 108 disposed in the vessel 102 will open before the pressure reaches an unsafe
value, thereby providing an extra level of safety in the system. By having the relief valve 108
disposed in the vessel 102, a user is protected from charging the vessel 102 to an unsafe
pressure if the user bypasses the inlet regulator assembly 136. Also, a user is protected if the
pressure inside the vessel 102 rises to unsafe values due to other factors, such as extreme
temperature changes, when the inlet regulator assembly 136 is not installed in the vessel 102.
Thus. the relief valve 108 provides a direct and immediate safety check on the pressure inside
the vessel 102,

With a charge placed on the vessel 102, the cleaning solution can be dispensed from
the vessel using the cleaning applicator that is connected to the outlet regulator assembly 120.
To dispense cleaning solution using the cleaning applicator, the outlet metering valve 128 is
opened until the desired dispensing pressure is obtained. Flow rate and particle size of the
cleaning solution dispensed from the system 100 are adjusted by opening or closing the outlet
metering valve 128 as required unti] the desired pressure 1s observed on the outlet pressure
gauge 130, In an exemplary embodiment of the present invention, the outlet metering valve
128 15 adjustable between 0 (zero) and 60 psi (413.685 kPa).

The flow rate at which the cleaning solution is dispensed from the vessel 102 can be
determined using a chart listing various flow rates that correspond to valve handle positions
of the outlet metering valve 128. The chart is based on the valve handle position and the

pressure drop across the outlet metering valve 128, The position of the valve handle



corresponds 10 the cross-sectional arez of flow through the outlet metering valve 128, The
pressure drop across the valve is measured by subtracting the pressure observed on the outlet
pressure gauge 130 from the pressure observed on the vessel pressure gauge 112, The outlet
metering valve 128 allows a user of the system 100 w accurately measure the volume of
cleaning solution dispensed over 2 specific duration of a cleaning operation. Specifically, by
observing the time that cleaning solution is dispensed with respect w the {low rate. the user
may determine the volume of cleaning sohution dispensed during 2 cleaning operation. This
allows the user 10 accurately and conveniently determine how much fluid 1o place in the
vessel 102 based on how long a cleaning operation is estimated {o take.

ar

The fow rate at which the cleaning solution is dispensed from the vessel 102 can also
15pen

be determined using a chart lsting the various flow rates produced based on the pressure with
which fluid is dispensed and the size of the orifice of the cleaning applicator anached w the

outlet regulator assembly 120, The pressure with which fluid is dispensed is observed on the
outlet pressure gauge 130. and the orifice size may be predetermined or variable depending
on the tvpe of cleaning applicator used. Accordingly. by changing orifice sizes on the
cleaning applicator and adjusting the pressure with which fluid is dispensed via the outlet
metering valve 128, the user may deiermine the votume of cleaning solution dispensed during
& cleaning operauon. This allows the user 1o more accurately and convenientiy determing
how much fluid o place in the vesse] 102 based on how long & cleaning operation 18
estimated 10 take.

The particle size at which the clzaning solution is dispensed from the vessel 102 can
be determined using a chart lisung the various partcle sizes produced based on the pressure
with which fluid is dispensed and the size of the orifice of the cleaning applicator. for
exampie a spraver 152 or a fogger. The dispensing pressure Is observed on the outler
pressure gauge 130, Accordingly. by varving orifice sizes on the spraver 152 or fogger and

~rm
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adjusting pressure via the outlet metering valve 128, various particle sizes can be produced
using the sprayer 152 or fogger.

During a cleaning operation, cleaning applicators, such as a sprayer 152, sponge mop
154 and/or fogger, may be used interchangeably. The amount of cleaning solution dispensed
can also be controlled using a standard trigger spray wand 156. The spray wand may be
connected to the outlet regulator assembly via an extension hose 148. The sprayer 152,
sponge mop 154 or fogger may be interchangeably connected at the end of the extension hose
148 or the spray wand 156 via quick disconnect connections. When a cleaning applicator is
connected directly to the extension piece 148, the amount of cleaning solution dispensed is
controlied by adjusting the outlet metering valve 128 as discussed above with respect to flow
rates. The spray wand 156, however, adds an extra element of control by allowing the user to
dispense cleaning solution by squeczing a frigger on the spray wand 156 and to stop the
dispensing of cleaning solution by releasing the trigger of the spray wand 156, This added
element of control over the amount of cleaning solution dispensed further increases the
efficiency of the system 100,

When utilizing the spraver 152 in a cleaning operation, the outlet metering valve 128
may be adjusted so that cleaning solution is dispensed at a desired pressure of 30 psi (206.842
kPa). as observed on the outlet pressure gauge 130. When utilizing the sponge mop 54 ina
cleaning operation. the outlet metering valve 128 may be adjusted so that cleaning solution is
dispensed at a desired pressure of 25 psi (172.369 kPa), as observed on the outlet pressure
gauge 130, When using the fogger in a cleaning operation. the cleaning solution may be
dispensed with a particle size between 5 and 50 microns.

Upon completion of the cleaning operation, pressure is manually relieved. or purged,
from the system 100. Pressure is purged from the vessel 102 via the manual purge valve 110

disposed on the vessel 102. To purge the vessel 102, the manual purge valve 110 is opened



and remains open until a pressure of U (zero) psi is observed on the vessel pressure gange 112
and gas can no longer be heard escaping the vessel 102 through the manual purge valve 110
The vessel cannot be purged from the outlet regulator assembly 120 because there 1s 2 dip
tube assembiy 122 attached 1o the first connection point 114 that is in fluid communication
with the bottom of the vesse] 102 such that purging the vessel 102 at this location wouid
result in expelling cleaning solutjon that mayv remain in the vesse] 102. Because the manual
purge valve 110 is at the top of the vessel 102. purging onlv releases gas. This step of
purging the svstem 100 should always be implemented 102 before opening the vessel 102,
hefore checking or servicing any part of the svstem and before loosening or removing the
vessel 1id 104

in purging the svstem, pressure should also be purged from within the outlet reguiator
agsemblv 120 and extension hose 148 via the spray wand 156, To purge the outiet regulator
assembly 120 and extension hose 148, the outlet metering valve 128 is closed and the wigger
of the spray wand 136 1s squeezed 10 relieve the pressure contained between the sprav wand
156 and the outlet regulator assembly 120, This will also expel any cleaning solution
remaining in the outlet regulaor assembly 120, exvension piece 148 andror sprav wand 156,
Accordingly, purging should wake place outside of the cleanroom wherein the cleaning
operation has been completed.

This is an trnprovement over the prior art svsem 1n which the inlet reguiator assembiy
isee F1G. 2. element 26) had 1o be installed on the vessel (see FIG. 2. element 0) 10 purge the
svstem. Ip the present invention. the vessel 102 can be purged withour the infet reguiator
assembly 136 being installed. This not only simplifies the purging process. but it makes the
svstem 100 safer. For example. the vessel 102 can he purged at anyv time because the manual

v

purge vaive 110 and vessel pressure gauge 112 are aispesed divectly on the vessel 102 rather

~

han on the iniet reguiator assembly 136, This is of particular importance since the vessel



102 should be purged whenever the vessel Iid 104 15 10 be removed. There may alsc be other
circumsiances in which the pressure within the vessel needs 1o be purged.

After the system 100 is purged. the vessel 102 may be rinsed. The vessel 10213
rinsed by removing the vessel iid 104 and placing the appropriate rinsing solutions in the
vessel 102, Afier the vessel is rinsed. the drain valve 118 1s opened to allow the rinsing
solution 1o exit the vessel 102, The svstem 100 may also be charged and the rinsing sohution
dispensed through the sprayer. sponge mop and/or fogger as described above 10 rinse those
components as well,

After the svsiem 100 is rinsed. all of the components of the svstem may be
autoclaved. including the vessel 102 and its integrated componemnis. the emire outlet regulator
assembly 120, the entire inlet regulator assembly 136, the extension pieces 148 and 150, the

sprayer 132, the sponge mop 154, the fogger. and the sprav wand 156, The imegrated

s

comnonents of the vessel 102 include the vessel 1id 104. the handle 106, the relief valve 108.
S

ihe manual purge valve 110, the vessel pressure gauge 112, the firs

e

connection point 114, the

-

s=cond connection point 116, and the drain valve 118, The “entire” autoclavable outlet
reguiator assembly 120 includes the outler connector 124, the inlet connector 126. the outle
metering valve 128, the outlet pressure gauge 130, the outlet autoclave stem 132, and the
lanvard 134, The “entire” awociavable inlel reguiaor assembiy 136 includes the inlet
connector 138. the outlet connector 140, the reguiator valve 142, the inlet amociave stem 144
and the lanvard 146, The outlet regulator assembly 120 and the inlet regulaior assembly 136
may be installed on the vessel 102 when the svstem 100 1s amociaved.

Prior w0 autoclaving the vessel 102 and vessel's integrated components 104-118 with
the entire outiel regulator assembiv 120 and the entire inlet regulator assembly 136 installed

<

on the vessel 107, the vessel iid 104 is removed from the vessel 102 and the drain vailve 11§

is opened so that sieam may pass through the vessel 102 during auoclaving. The outiar
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autoclave stem 132 is installed ar the outlet connecior 124 of the outlet regulator assembly

120 to open the inernal check-valve of the outler connector 124 so that steam may pass
through the outlet regulator assembly 120 during autoclaving. The outlet metering valve 128§
is alsc opened. The inlet autoclave grem 144 is installed at the inler connector 138 of the infar
regulator assembly 136 10 open the internal check-valve of the inle connecior 138 so tha

steam mav pass through the inlet regulator essembly 136 during autoclaving, The inlet
regulator valve 142 is automatically opened when the vessel 102 is purged and will remain
open during autoclaving, The vessel pressure gauge 112 may be spraved te sawration with a
sterilizing compound, for exampie. Sterile 70% USP Isovropy] Alcohol. prior w introducing
it into the autoclave 50 as w further ensure sterilizaton thereof,

In another non-limiting exemplary method of awroclaving the svstem 100, the outlet
regulator assembly 120 and the inlet regulator assembly 136 may be removed from the vessel
102 and awoclaved separate from the vessel 102, To autoclave the vessel 102 and the outlet
regulator assembly 120 and the inlet regulator assembiy 136 separately. autociave stems (no
shown) are installed in the {irst connecuon powyt 1 14 and the sscond connection pomnt 116 of

¢

the vessel 102 10 open the internal check-valves therein so that steam may pass througlh t

first connection point 114 and the second connection point 116 during autociaving.
Auroclave stems 132 and 144 are also instalied in the outlet regulator assembly 120 and the

inlet reguiator assembly 136, In the exemplary embodiment where autoclaving occurs with

the cutlet regnigtor assembly 120 and the inler regulaior assembly 136 installed on the vessel
102 the interna; check-valves of the nirst connection poini 114 and the second connection

point 116 are opened respectively by the injet connecior 126 of the outlet regulator assembis
120 and the outlet connecior 140 of the inler regulator assembiv 136.
Thus. the entire svstem 100 mav be awoclaved. including the vessel 107, the vessel's

inegrated comnonents 104-118. the entire outiet regulator assembly 120, the entire miet



regulator assembly 136, the extension pieces 148 and 150. the spraver 132, the sponge mop
154, the fogger. and the spray wand 156, Auoclaving includes wiilizing steam in a

sterilization process. Accordingly, the enure svstem 100 may be placed in an autoclaving

B

device. such as a machine capable of achieving elevaied temperatures and prassures. 1o

sterifize all of the components 102-136 of the system 100. The svstem may be autociaved.
for example. at 121°C for 33 minutes.

It is important that the entire svstem 100 be amoclavable. Any components that are
not awtociaved can trap bacteria. which can adversely effect anyv subsequent cleaning
operation performed using the same components.  This reduces the reiighility and control of
the svstem. Accordingly. the svsiem 100 of the present invention is reliable and provides
substantial control over comaminants by allowing all of the componens 1o be autoclaved,

In addition, each of the relis! 108. the manual purge valve 11, the vessel pressure

i
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gauge 112, the outler regulator assembly 120, and the inlet regulator assembly 136 have
separate and distinet benefhis that commribuie 1o the rehability and comrol of the present
svstem 100. Accordingly. each of these components can be used alone or in any combination
thereof 1o achieve the same or similar benefits,

The foregoing description and drawings should be considered as illustrative only of
the principles of the invendon. The invenuon may be configured in & variety of shapes and
sizes and 1s not intended 1o be limied by the preferred embodiment. Numerous applicaiions
of the invenuion will readily occur 10 those sidlied in the art. Therefore, it is not desired 10
limnit the invention 1o the specific examples disciosed o the exact construction and method of
operation shown and described. Ratier. all suiable modifications and equivalems may be

resoried 1o. falling within the scope of the invention.



WHAT IS CLAIMED IS:
1. An autoclavable bucketless cleaning system comprising:

an autoclavable vessel with an inside for storing fluid under pressure, the vessel
including a first connection point and a second connection point disposed at an outside of the
vessel;

an autoclavable outlet regulator assembly for dispensing fluid from the vessel, the
outlet regulator assembly being removably connected to the vessel at the first connection
point so as to be in fluid communication with the inside of the vessel, the outlet regulator
assembly comprising an outlet connector with a first internal check-type valve configured to
be in a closed position when not connected;

an outlet autoclave stem configured to mate with the outlet connector to open the first
check-type valve when comnected to the outlet connector;

an autoclavable inlet regulator assembly for pressurizing the vessel, the inlet regulator
assembly being removably connected to the vessel at the second connection point to be in
fluid communication with the inside of the vessel, the inlet regulator assembly comprising an
inlet connector with a second internal check-type valve configured to be in a closed position
when not connected; and

an inlet autoclave stem configured to mate with the inlet connector to open the second
check-type valve when connected to the inlet connector.
2. The cleaning system of claim 1, wherein the vessel includes a relief valve attached at
the outside of the vessel and in direct fluid communication with the inside of the vessel.
3. The cleaning system of claim 1 or 2, wherein the vessel includes a purge valve
attached at the outside of the vessel and in direct fluid communication with the inside of the

vessel.
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4. The cleaning system of Claim 3, wherein a pressure gauge is disposed between the
purge valve and the vessel and in fluid communication with both the purge valve and the

vessel.

5. The cleaning system of any of claims 1-3, wherein the vessel includes a pressure
gauge attached at the outside of the vessel and in direct fluid communication with the inside

of the vessel.

6. The cleaning system of any of the preceding claims, wherein the outlet regulator
imcludes an autoclavable metering valve that may be opened and closed by adjusting a flow
control element such that each incremental adjustment of the flow control element produces a

substantially proportional change of the mass flow rate through the metering valve.

7. The cleaning system of Claim 6, wherein the outlet regulator includes an autoclavable
pressure gauge for measuring and displaying the pressure within the outlet regulator assembly
on a side of the metering valve that is opposite to a side at which the outlet regulator is

installed on the vessel.

8. The cleaning system of any of the preceding claims, wherein the inlet regulator
includes an autoclavable regulator valve that remains open while pressurizing the vessel until
a pressure inside the vessel reaches a predetermined value, at which point the regulator valve

automatically closes to prevent more pressure from entering the vessel.
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9. A method of performing a cleaning operation with an autoclavable bucketless
cleaning system, the method comprising:

placing a cleaning solution in an inside of an autoclavable vessel, the vessel including
a first connection point and a second connection point disposed at an outside of the vessel,

removably connecting an autoclavable outlet regulator assembly on the vessel at the
first connection point so the outlet regulator assembly is in fluid communication with the
inside of the vessel, the outlet regulator assembly comprising an outlet connector with a first
internal check-type valve configured to be in the closed position when not connected,

removably connecting an autoclavable inlet regulator assembly on the vessel at the
second connection point so the inlet regulator assembly is in fluid communication with the
inside of the vessel, the inlet regulator assembly comprising an inlet connector with a second
internal check-type valve configured to be in the closed position when not connected;

pressurizing the inside of the vessel via the inlet regulator assembly;

dispensing cleaning solution from the inside of the vessel via the outlet regulator
assembly to clean a designated area;

removing any pressurized gas that remains inside the vessel after the designated area
is cleaned;

removing any cleaning solution that remains inside the vessel after the designated area
is cleaned;

removing a lid from the vessel and opening a drain valve at the bottom of the vessel
so that steam may pass through the vessel;

mstalling an outlet autoclave stem in the outlet regulator assembly so that steam may
pass through the outlet regulator assembly;

instaliing an inlet autoclave stem in the inlet regulator so that steam may pass through
the inlet regulator assembly; and

autoclaving each of the vessel, the outlet regulator assembly, and the inlet regulator

assembly.
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10.  The method of claim 9, wherein the step of pressurizing the inside of the vessel
includes connecting a charging device to the inlet regulator assembly such that an
autoclavable regulator valve in the inlet regulator assembly automatically closes to prevent
more pressure from entering the vessel when a pressure in the vessel reaches a predetermined

value.

1T The method of claim 9 or 10, wherein the step of dispensing cleaning solution
includes opening an autoclavable metering valve in the outlet regulator assembly by adjusting
a flow control element such that each incremental adjustment of the flow control element
produces a substantially proportional change of the mass flow rate through the metering

valve.

12.  The method of claim 9 or 10, wherein the step of dispensing cleaning solution

includes interchangeably connecting an autoclavable sprayer, sponge mop, or fogger to the

outlet regulator assembly for dispensing cleaning solution therethrough.

13. The method of any of claims 9-12, wherein the step of removing any pressurized gas

that remains inside the vessel includes opening an autoclavable purge valve
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that is attached at the outside of the vessel and in direct fluid communication with the inside

of the vessel.

14. The method of any of claims 9-12, wherein the step of removing any pressurized gas
that remains inside the vessel includes leaving the purge valve open until a pressure gauge
disposed between and in fluid communication with the purge valve and the vessel measures

and displays zero (0) psi.

15. The method of any of claims 9-14, wherein the step of removing any cleaning
solution that remains inside the vessel includes opening an autoclavable drain valve that is
disposed at the bottom of the vessel and in direct fluid communication with the inside of the

vessel.

16.  The method of any of claims 9-15, wherein the outlet regulator assembly remains

installed at the first connection point of the vessel and the inlet regulator assembly remains

installed at the second connection point of the vessel during autoclaving.

17. The method of any of claims 9-15, wherein the step of autoclaving further includes,
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installing an autoclave stem in the first connection point so that steam may pass
through the first connection point; and

installing an autoclave stem in the second connection point so that steam may pass
through the second connection point;

wherein the outlet regulator assembly is removed from the vessel and the inlet

regulator assembly 1s removed from the vessel during autoclaving.
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