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OF THE DI SCLOSURE Field of the Invention [0001] The enbodi nents of the )
present invention relate generally to a filter housing assenbly. Background
of the Inveqﬁ&gg)hgggf] Clean roons are utilized in many industries for
contami nati o 5 and to inprove product yields. A Mf%??“ﬁ’;‘ﬂ%y
filters, typically nmounted in the ceiling of the cleanroom are configured
to renove particulate fromair entering the cleanroomat a predeterm ned
efficiency selected based upon the <cleanliness requirenents of the
activities perfornmed in the cleanroom As particulates load the filtration
nmedi a di sposed in the filt i Ll || ter decreases as
the pressure drop acrosEh(--ﬁER Wé&ﬁ-’f—ﬁ%@@éﬁﬂﬂk&'ﬁjﬁh ter reaches a
critical pressure drop, the filter is typically replaced. [0003] In other
applications, replacenent of filters is schedul ed based on tine or
processes perBACKGROUND OFtTHE DISCGLOSMRE For exanple, in nmany
pharmaceuti cal and biotech clean roons, periodic replacenent of filters is
required to neet regulatory or owner specifications. To facilitate efficient
repl acement et the Iivehtiom hood (housing) is typically nounted in the
cleanroom cerling rn_which the filter may be readily renoved and repl aced.
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used in phar ;R Ilcatlons for cleaning supply air to cleanroom
nanufacturlng an process ‘areas, as well as to laboratory areas. Typically,
a plurality of supply hoods are coupled to a blower by a duct network. The
hoods are su d t i h e danpers that allow custonmers to regulate
the airflow i ve the filter fromthe hood. The nost
common types [obonl]arrpecmeatr eo@m'sl b iuuﬁzed)mpcmedy Hhadstries dfob ugdrtaminatibs pes .
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the ceiling of the cleanroom, are configured to remove particulate from air

entering the cleanroom at a predetermined efficiency selected based upon the
cleanliness requirements of the activities performed in the cleanroom. As
particulates load the filtration media disposed in the filter, the airflow through
the filter decreases as the pressure drop across the filter increases. Once the
filter reaches a critical pressure drop, the filter is typically replaced.

[0003] In other applications, replacement of filters is scheduled based on
time or processes performed within the cleanroom. For example, in many
pharmaceutical and biotech clean rooms, periodic replacement of filters is
required to meet regulatory or owner specifications. To facilitate efficient
replacement of the filter, a hood (housing) is typically mounted in the cleanroom
ceiling in which the filter may be readily removed and replaced.

[0004] Ducted supply hoods with roomside replaceable filters are
commonly used in pharmaceutical applications for cleaning supply air to
cleanroom manufacturing and process areas, as well as to laboratory areas.
Typically, a plurality of supply hoods are coupled to a blower by a duct network.
The hoods are supplied with adjustable dampers that allow customers to
regulate the airflow without having to remove the filter from the hood. The most
common types of dampers are guillotine, opposed blade and butterfly types.
Importantly, the dampers allow the air flow through each filter coupled to the
duct network to be balanced individually to obtain a desired distribution of air
flow entering the room through the various filters.



duct network to be bal anced individually to obtain a desired distribution of
air flowentering the roomthrough the various filters. WO 2006/ 118859
PCT/ US2006/ 015524 2 [0005] During operation of the cleanroom the filter
within the filter modules trap particulate and other matter, thereby

i ncreasing arf 2?‘168\}\?8?%9 stance through _the filter. Thus, PGHUGHE/AOLIRE er
requires replacenent, the reduced resi stance of the repl acenment filter
relative to the other filters coupled to a comon ductwork results in an
increased airflow through the new filter and a correspondi ng reduction of
air flow in yHgosyt her Diifing 8pératidhiof theElehmaeRs thdfitar withiv thelfiltdrrhbatiieon
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repetitive nature of airflow measurement gathering and damper adjustment
during the balancing procedure, balancing a room undesirably results in lost
cleanroom operation time.
[0007] Therefore, there is a need for a filter module and method for
replacing a filter that reduces the time required to balance airflow between a

series of filter modules having a common air source.

SUMMARY OF THE INVENTION
[0008] A filter module and method for facilitating rapid flow setting and/or

balancing of airflow through a plurality of filter modules is provided. In one
embodiment, the filter module includes a housing having an opening adapted to
receive a filter. An inlet collar is formed through the housing. The filter module
contains at least one port configured to provide a metric indicative of flow
through the collar. In various other embodiments, at least one port is utilized for
sensing differential pressure across a flow restrictor, such as a damper
assembly and/or a diffuser plate of the housing assembly, an orifice plate
disposed in the collar or ductwork coupled to collar, and the like.

[0009] In alternate embodiments, the filter module may be configured to
retain a roomside replaceable filter or a filter permanently adhered to the
housing. The filter module may be utilized to supply and/or exhaust air from a
work space, such as a cleanroom. The filter module may be alternatively be
utilized in a containment syStem or other application. In various embodiments,



sensing differential pressure across a flow restrictor, such as a danper
assenbly and/or a diffuser plate of the housing assenbly, an orifice plate
di sposed in the collar or ductwork coupled to collar, and the Iike. [0009]
In alternat &%9%1 pRNts, the filter noddl e may be confl Q\ﬁgﬁgz&og/ ssstain a
roonsi de re ZECAN i Iter or a filterspermanently adhered to e “housi ng.
The filter m)dule may be utilized to supply and/or exhaust air froma work
space, such as a cleanroom The filter nodule may be alternatively be
utilized in a contai nment system or other application. In varjious

embodi ment s, aepalguembesabticrdampssassemplsmay besonfigutad tRargwde g bubhe-danper
assenbly may ll[?éh %@? igured to provide a bubble- tight seal. [0010] In

anot her aspec Iﬁe invention, a method for replacing an air filter is
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invention, briefly summarized above, nmay be had by 'reference to
embodi nent s t ther eradatermingd crate | Using A é@rrelaﬁlonhbe%omnd@mnﬁramﬁw and is to

be not ed, GFRRY lustrate only typi cal
enbodi nent s ‘(’)‘?’Yf@f"nélﬁrﬁrtes%?@on aﬁgg&g er é’?g*rrggﬁg{rdé not to be considered
limting of its scope, for the invention may admt to other equally
effective enb I i raph of flowrate verse
pressure dr opB CI{Z 6}\| EJHE ' vari ous danper positions of
one enbodi nenfoodfi] a fiA hesrenpatticwar dpSétplibn Fofghe enventidapibriefly asusamarizeidi ed,
partial sectional vie

above, may e Eag Q)?/ reference to the embodiments thereof that are illustrated
in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and, therefore, are
not to be considered limiting of its scope, for the invention may admit to other

equally effective embodiments.

[0012] Figure 1 is a graph of flow rate verse pressure drop (across a flow
restrictor) for various damper positions of one embodiment of a filter module;
[0013] Figure 2A depicts a simplified, partial sectional view of one
embodiment of a filter module having a damper position indicator and a flow
restrictor;

[0014] Figure 2B is a partial, sectional view of another embodiment of a

filter module having a flow restrictor;

[0015] Figure 3A is one embodiment of a sealing section of the filter
module of Figure 2A;

[0016] Figure 3B is another embodiment of a sealing section;

[0017] Figure 4 a sectional view of a sealing section of another
embodiment of a filter module;

[0018] Figure 5 is a partial sectional view of one embodiment of a damper
assembly coupled to a housing assembly;

[0019] Figure 6A-E are various embodiments of a sealing element
disposed between a housing assembly and a seal member;



enbodi mrent of a filter nodul e having a danper position indicator and a fl ow
restrictor; [0014] Figure 2B is a partial, sectional view of another
enbodi ment of a filter nodule having a flow restrictor; [0015] Figure 3Ais

one enbodi ”%é@fmﬁs%ea' ing section of the filter nodul ?’S%USF@%J}%‘%A;
I's n,

[ 0016] Figure anot her enbodi nent ff a sealing secti igure 4
a sectional view of a sealing section of another enbodinent of a filter
nodul e; [0018] Figure 5 is a partial sectional view of one enbodi nent of a
danper assenbly coupled to a housing assenbly; [0019] Figure 6A-E are
various enbod@020jt s dfiguresgid patjaksastional viewy Qf\;ﬂigéwusktg/@‘dﬁgarehbusi ng

Froure 7 1o At JEBRTR, Bl o et SERITRL ko O (PRCHARET asSpipt oy

8 is a parti @igestinamadpet pusitkdn;t he danper assenbly of Figure 5 in an open
position; [0022] Figure 9 depi¢ts an rnatiyve,enbodinent of a seal nenber
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one enbodi men, Lliystnmdnt MezRBnishivi ng a danper assenmbly; [0024] Figure 11 is
anot her enmbodi ment of a filter nodul e having a notorized danper assenbly;

[0025] Fi gur 40828]a si igure 118 dlepisds & sactioral vieyh af one emkadientef a diffusghvi ng a

cl eanroom wi t, I (| ter nodul es of Figure 11; and [0026] Fi gure
13 is a flow ya&%aar:é@bbf)ﬁsé%n%@ di nent of a nethod for replacing a filter.

[0027] To fad0024]at e kigdes stiarisli amptherdembodimhentedkraeitter magdulel baviag ea been
motorized damper assembly;
[0025] Figure 12 a simplified, partial sectional view of a facility having a
cleanroom with a plurality of filter modules of Figure 11; and
[0026] Figure 13 is a flow diagram of one embodiment of a method for
replacing a filter.
[0027] To facilitate understanding, identical reference numerals have been
used, where possible, to désignate identical elements that are common to the
figures. It is contemplated that elements disclosed in one embodiment may be
beneficially utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION
[0028] The invention generally provides a filter module and method for
facilitating rapid flow setting and/or balancing of airflow through a plurality of

filter modules. In most of the embodiments described herein, pressure drop
across a flow restrictor positioned across the flow entering the filter module at a
known damper position may be utilized to set the airflow through a filter module
without use of flow measuring devices disposed downstream of the filter. For
example, at each damper position, pressure drop across flow restrictor, such as
the damper itself, or an orifice plate, diffuser plate, and the like, correlates to a
specific flow rate through the filter module. The filter module of the present
invention provides damper position information visible on the roomside of the
filter module when the filter is installed. Thus, by knowing the damper position
and the pressure drop, the flow through the filter module may be rapidly setto a
predetermined rate. This is extremely advantageous for room balancing as the
bulky flow measuring equipment is not needed to determine the flow rate.
Additionally, as shroud-type flow measuring equipment that increases the



used, where possible, to designate identical elenments that are comon to the
figures. It is contenplated that el enents disclosed in one enbodi nent may be
beneficially utilized on other enbodi ments w thout specific recitation.

DETAI LED DE%%D} 40028] The invention generally provides a filter nodul e
and met hod fof 2 FACtTi tating rapid flowgsetting and/ or bal ALY OG24i r 1 ow
through a plurality of filter nodules. In nost of the enbodi nents descri bed
herein, pressure drop across a flowrestrictor positioned across the flow
entering the filter nodule at a known danper position nmay be utilized to
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ough the danper position is given_ in terms of "turns (or percent

ful |y open oradypaiaggous Mﬁ@nd@(ﬂmnq)@swglgrﬁlter as the reduced resistance of the
replacement filter compared to the used (e.g., loaded) filter exhibits an increase

flow rate at the same damper position, thereby unbalancing air flow into the
room. Although setting the flow rate is illustrated using a series of curves, the
information depicted on the graph 100 of Figure 1 is contemplated as an
algorithm, which may be utilized to automate setting the filter module flow rate
and/or balancing air flow into a room.

[0030] Figure 2A depicts a sectional view of one embodiment of a filter
module 200 of the present invention shown disposed in a ceiling 202 of a
cleanroom 204. The filter module 200 includes a damper assembly 222, a
damper position indicator 250 and an airflow indicator 270. The position
indicator 250 is utilized with an adjustment mechanism 260 to selectively set
the position of the dampef assembly 222 such that airflow may be set to'a
predetermined rate. In one embodiment, the damper assembly 222 is
configured to selectively prevent flow through the filter module 200 with a
bubble-tight seal. Typically, additional filter modules 200 (not shown) are
utilized in predetermined positions within the cleanroom 204 to provide
predetermined levels of cleanliness and ventilation. The scale of Figure 2A has
been altered to allow selected details of the module 200 to be clearly shown in

a single view.



may be determ ned through other nethods/devices as di scussed and shown in
t he enbodi nent bel ow. Thus, the flow through the filter nodule may be set to
a predeternmine rate by adjusting the danper until the pressure drop at that

posi tion Wﬁo\ﬁﬁ{ﬁ&,t he desired flow rate. This nethod ﬁ 5&0%/51’9??4” y
S

advant ageous en replacing a single filter as the reduce resistance of the

replacenent filter conpared to the used (e.g., loaded) filter exhibits an
increase flowrate at the sane danper position, t her eby unbal ancing air
flowinto the room Although setting the flowrate is illustrated using a
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of housmgs may utilize a single sidewall 210. The sidewalls 210 and backplate
212 may be fabricated from a single element of materials, or may comprise
separate components, sealingly coupled together.
[0033] The sidewalls 210 and backplate 212 of the housing assembly 206
are generally fabricated from metals, such as aluminum or stainless steel, or
other materials such as plastic, or glass reinforced plastic, among others. The
sidewalls 210 are generally configured in a polygonal form, typically square or
rectangular. The sidewalls 210 are sealingly coupled together at their
intersections, for example, by welding, riveting, soldering, adhering, bonding,
caulking and the like. The backplate 212 is generally coupled to the sidewalls
210 in a similar fashion to make the housing assembly 206 leak-tight.
[0034] The backplate 212 includes an inlet 282 formed therethrough. The
inlet 282 is circumscribed by the collar 216 and facilitates airflow into the interior
volume 214 of the housing assembly 206. The collar 216 is typically cylindrical,
but may alternatively be square, rectangular or have another shape. An
optional lip 284 may extend into the interior volume 214 from the backplate 212
and circumscribes the inlét 282. The lip 284 is sealingly coupled to the
backplate 212, for example, by welding or caulking. The lip 284 may be sealed
to the backplate 212 by other methods. The lip 284 may alternatively be drawn,
spun or otherwise formed from the backplate 212. In another embodiment, the
lip 284 may be part of the collar 216. The lip 284 may be utilized to enhance
the sealing attributes of the damper assembly 222 as discussed further below.



t he housing 280 or separately coupled thereto, and facilitates coupling the
filter housing assenbly 206 to a duct 218 that supplies air froman air
handl er 220. The air handl er 220 supplies air to the filter nodul e 200. The
ai r handl er I des one or nore blowers or fans (not_ shown) and may
addi ti onal | y‘g?)%oc 6hgééwpr e-filtration elenents such as ASHRAE UPISHEPA!
filters. It is also contenplated that the collar 216 may be coupled to an
air return to exhaust the roomthroughout the filter 208. [0032] The
housi ng 280 has a plurality of sidewalls 210 and a backplate 212 that
define an int[@088) volruove Zmbodiment; the hackpatet 212 includesyati lrdsti o fittihgusi ngs
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anot her enbodi nent, the
volume 214 of the housing assembly 206, separated from the upstream
pressure port 274 by the damper assembly 222 as shown in Figure 2B.
[0036] It is also contemplated that the flow indicator 270 may alternatively
be in the form of a hot wire anemometer or other suitable airflow measuring
device. It is also contemplated that the sensor lines 268 may be in the form of
a wire for transferring a signal from an electronic pressure sensor 266 (shown in
phantom in Figure 2A) coupled to one or more of the ports 274, 276. The
sensor 266 may provide a signal indicative of pressure (or flow) form one or
both of the ports 274, 276, and in the embodiment depicted in phantom in
Figure 2A, the sensor 266 is a differential pressure transducer.
[0037] Returning to Figure 2A, each sidewall 210 includes a first end 224
coupled to the backplate 212 and a second end 226 that interfaces with the
cleanroom ceiling 202. The first end 224 of the sidewall 210 and/or backplate
212 generally includes a mounting pad or tab 246 that facilitates coupling the
housing 206 to a supporting structure (not shown) above the cleanroom 204.
The second end 226 defines an opening that accepts the filter 208 into the

housing assembly 206.



lip 284 may be part of the collar 216. The lip 284 may be utilized to
enhance the sealing attributes of the danper assenbly 222 as di scussed
further bel ow. WD 2006/ 118859 PCTI US2006/ 015524 7 [0035] In one enbodi nent,

t he backpl atﬁ?éiﬁ?*égg udes at least one fitting 278 forgng@%%ﬁensor

| i ne between ow i ndicator 270 andga penetration (

penetrations 302 in Figure 3) in the filter nodule 200. In the enbodi nent
depicted in Figure 2A, the flowindicator 270 is in the formof a flow
restrictor 272 mounted within the collar 216, such as an orifice plate.
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cont enpl at ed ph@bog BRg flpditiondiimtatee in%gﬁfé@%naggogr natively be in the form

of a hot wire anenmoneter or other suitable airflow neasuring device. It is
al so cont enpl E038] t hatn tone smhedimant e sealingragction 232 timcludes a knife edoei r e
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Returning to Eorginueuspiecaoh nsatdesial The Iife retlged234 as forieatated duBtantially
parallel to the sidewalls 210 and is configured to interface with a sealing
element 238 disposed at one end the filter 208 to create an air-tight seal
between the filter housing assembly 206 and the filter 208. Thus, the sealing
section 232 separates the interior volume 214 of the housing assembly 206 into
a plenum 248 upstream of the filter 208 and a downstream or roomside. In
other words, the filter 208 interfacing with the sealing section 232 separates the
unfiltered air upstream of the filter 208 with the clean, filtered air, downstream
of the filter 208 that enters the cleanroom 204.
[0040] In the embodiment depicted in Figure 2A, the sealing element 238
is a fluid seal, such as a silicon or polyurethane gel, disposed in a trough 240
formed in a frame 242 of the filter 208. The knife edge 234 penetrates the gel
to create an air seal between the filter 208 and housing assembly 206. Filter
- performance (i.e., efficiency, pressure drop) is generally selected based on
filtering and resistance criteria needed for a particular application to be
performed in the cleanroom 204. Filters manufactured for this use are
commercially available, e.g., from CAMFIL FARR, INC. located in Riverdale,
New Jersey.



coupled to the backplate 212 and a second end 226 that interfaces with the
cleanroomceiling 202. The first end 224 of the sidewall 210 and/or
backpl ate 212 generally includes a nounting pad or tab 246 that facilitates

coupling th lﬂﬁ%‘lﬁis%’ 206 to a supporting structure (not ;ehaWhdosdR_ye the
cl eanr oom 204. e second end 226 defiqies an opening that accepts the

filter 208 into the housing assenbly 206. WO 2006/ 118859 PCT/ US2006/ 015524
8 [0038] The si devval | s 210 have a doubl e wall that includes an outer section
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and a second end 314. The body 310 is sealingly coupled to the flange sealing

portion 232 by any suitable method, for example, by a continuous weld 326.
The body 310 includes a threaded -portion 318 that engages a threaded
member 312 disposed through the adjustment mechanism 360. The second
end 314 of the body 310 includes a bore 316. The bore 316 is at least partially
filled with a packing material 320 suitable for preventing leakage between the
interior volume 214 of the filter module 200 and the cleanroom 204. In one
embodiment, the packing material 320 is vacuum grease. It is contemplated
that other suitable materials may be used to prevent leakage through the body
310, such as o-rings, gels and the like.

[0043] The end of the member 322 disposed inside the filter module 200 is
coupled to the damper assembly 222 by the rotary cable 262. The end of the
threaded member 322 disposed on the cleanroom side of the sealing section
232 includes a head 324. The head 324 has a feature suitable for engaging a
driving mechanism (i.e., a screw driver, hex driver and the like) to selectively
rotate the threaded member 322 in the body 310 of the adjustment mechanism
260.

[0044] As the threaded member 322 is rotated, the threaded member 322
advances relative to the body 310, thereby causing the head 324 to move
relative to the damper position indicator 260. The damper position indicator
250 includes a scale 330 to allow the technician to easily determine the position



of the filter 208 that enters the cleanroom 204. [0040] In the enbodi nent
depicted in Figure 2A, the sealing elenent 238 is a fluid seal, such as a
silicon or polyurethane gel, disposed in a trough 240 forned in a frame 242
of the filt%&?%ggPF%QF kni fe edge 234 penetrates the gel to create an air

seal between ter 208 and housing assenbly 206. Fi IRE/USEFShance
(i.e., efficiency, pressure drop) is geherally selected based on filtering

and resistance criteria needed for a particular application to be perforned
in the cleanroom 204. Filters manufactured for this use are comercially
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[0046] Figure 3B is a sectional view through the sealing section 232
illustrating another embodiment of the.damper adjustment mechanism 260
along with penetrations 302 for coupling sensor lines 304 to the bulkhead
fittings 278 shown in Figure 2A. In the embodiment depicted in Figure 3B, the
adjustment mechanism 260 includes an adjustment tool 350 and a bracket 346
that retains a threaded member 380 in a predefined position in the interior
volume 214 of the housing assembly 206. The threaded member 380 is
coupled to a head 344 of the rotary cable 262. The adjustment tool 350 may be
disposed through a hole 348 formed in a sealing section 232 to engage the
threaded member 380. The tool 350 is adapted to selectively rotate the
threaded member 380, and thus, the rotary cable 262 to control the damper
position. As the cable 262 is rotated, the threaded member 380 advances in
the bracket 346, and as such, the tool 350 advances into or out of the filter
module depending on the direction of rotation. The relative position of the tool
350, and hence the condition of the damper assembly 222, may be determined
by the relative position of a feature, such as the handle or scribe mark of the
tool disposed on the tool 350 against the scale 330 in the position indicator 250.
Alternatively, the position indicator 250 may be incorporated into the tool by
disposing a scale depicted by reference numeral 352 on the tool itself. Thus,
the position of the scale 352 relative to a feature of the housing assembly 206
(e.g., the sealing portion 232) is indicative of the position of the damper



end 314 of the body 310 includes a bore 316. The bore 316 is at |east
partially filled with a packing material 320 suitable for preventing
| eakage between the interior volume 214 of the filter nodule 200 and the
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disposed in the cleanroom.

[0048] Figure 4 depicts another embodiment of a housing 400 having an
alternative sealing section 402. Sidewalls 410 of the housing 400 are generally
similar to the sidewalls 210 described above with reference to Figure 2A. The
sealing section 402 includes a flange 404 that extends perpendicularly inward
from the inner section 230 of the sidewall 410 to provide a planar seating
surface 412. A filter 406 having a gasket 408 disposed on top of a portion of a
filter frame 414 is urged against the flange 404, thereby compressing the
gasket 408 against the flange 404 to provide a seal between the housing 400
and filter 406. It is contemplated that the gasket 408 may be alternatively
coupled to the flange 404 of the housing 400.

[0049] Also as shown in Figure 4, the filter 406 may be secured to the
housing 400 by a pawl tab 450 mounted on a standoff 452 coupled to the
flange 404. The pawl tab 450 may be rotated about a stud 454 extending from
the standoff 452 to provide clearance for removing/replacing the filter 4086.
Once the filter 406 is inserted into the housing 400, the pawl tab 450 is rotated
to capture the filter 406 against the flange 404 (as shown). A locking nut 456
threaded on the stud 254 secures the pawl tab 250 in position. It is
contemplated that the filter 208 may be retained to the housing 280 using other
methods.



by the danper 222 in Figure 2B). The penetrations 302 generally include an
i ntegral check valve 306 (shown in phantom) to prevent | eakage through the
penetrations 302 when not in use. [0046] Figure 3B is a sectional view

t hrough the ectl on 232 illustrating another e
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into the cleanroom 204.

[0052] The trim ring 264 is generally comprised of stainless steel,
aluminum or other rigid material. The trim ring 264 is comprised of a picture
frame 288 defining an aperture 290 and having a flange 292 extending into the
aperture 290 substantially perpendicular to the picture frame 288. In the
embodiment depicted in Figure 2A, the picture frame 288 is rectangular. The
picture frame 288 is configured to extend from an inner surface of the inner
section 230 of the sidewall 210 to cover a hole 294 in the ceiling 202 in which
the housing assembly 206 is mounted.

[0053] The flange 292 is disposed against the inner surface of the
sidewalls 210 when the trim ring 264 is mounted to the housing assembly 206.
A fastener, such as a rivet, self-tapping screw or other device is disposed
through the trim ring 264 and into the sidewall 210 to secure the trim ring 264 to
the filter module 200.

[0054] The housing assembly 206 may include an optional diffuser plate
244 coupled to the housing 280 and extending into the interior volume 214 of
the housing assembly 206. The diffuser plate 244 is typically configured to
uniformly distribute air entering through the inlet 282 into the housing 280, such
that a uniform airflow distribution through the filter 208 is realized. Generally,
the diffuser plate 244 is positioned, sized and shaped to provide uniform
aerosol and airflow uniformity for a predefined housing geometry. The diffuser



[0047] Also shown in Figure 3Bis an alternative enbodi nent for the
penetrations 302. The penetrations 302 depicted in Figure 3B are illustrated
as an electrical penetration disposed through the sealing portion 232 The

penetrati ongvgg {il%sgwconfl gured to couple a sensor |ine 31,(2%41.,/‘{32 {3%5‘%' Yed as a

signal wre e fittings 278 when gn el ectrical signa

nmetric of from the flow indicator 270. The portion of the penetrations 302
di sposed on the cleanroomside of the filter housing 206 nay have any
configuration suitable for electrically connecting the sensor 308 to the
ports 274, 27datpo244 imay beafatsicated: frent Bometal sarr plestie materiabuaid pwyebeat i ons

302 are al so r%érﬁeegogﬁleﬂoia%d BPH)%érﬂﬂedftB now%i?éd%‘@sgﬂeeéu M‘tﬁéjeth?{n%ﬂé' froma

hot wire ane or a pressure sensor above the cel 302 of
t he cl eanr oorf0055f netThe dnmpemassemblyczﬂ ds spogded ito ﬁeehohmagrmnanﬂoo48]

Geal o socti Sirtrabae 4oty T ST infrieRuORirRA th, Ddne B uREn. R eedr L | s,
toal i ﬁgs'sgﬁ?'?glns'ﬂa@ Mesmg'eg@gp?f)?s%%mgww'erm‘ég" %?ng?te%?
inward fromAlfgng MRS £58ePlY 442 TRY Pﬁ’pﬁ of 240 9r anar
seating surfipgecialo e Thd amptdesianbnezn kel oba3ddh saesertiary 9 of a

portion of a I'ter frame is urged 8a| nsf the flange 4 Her e
conpr essi ng tthe aigfewisg 'ﬂ'@BﬂwgBWﬁﬁg taﬁéem ’éln%Q@ duving éemiawm@t of @@aﬁ"t%et ween

t he housin I, 8 ma

be al tgrlna'?l W ?Q%S%ﬁgg? asg%bl ?%?ng‘gg%&%&g? ﬂlﬁgﬁﬁg{@ﬁl o?é‘ﬁs%%?%%fg? Al sg

as shown in Flhguale ﬂpwmgemm |thercleaﬁronﬁy2@é betwaend othert filkersh(eti shpwr)o by a

paw tab 450@9@{ ;?auof?) eﬁéaaﬁ‘ﬂ {)g‘ 2 coupl ed_ to the flange 404. The paw
e ro

tab 450 may ed "about 454 extending from the standoff 452 to
provi de cl ear[@086] f or Figame\5 ngbr paritiak segiionbk view béthmﬁﬁusin@wxserdtﬁy fZDBt er

O L o e kg o e BB S oBPier BB 328° Bl g as

threaded on tigefibhd222hchedes & SehhmeRer 502todpledi tb duppott MBmbet 504 by
an adjustment mechanism 506. A sealing element 510 is disposed between
the housing assembly 206 and the seal member 502. The adjustment
mechanism 506 is adapted to move the seal member 502 between a first
position that allows air (or other gas) into the internal volume 214 of the housing
assembly 206 and a second position that prevents flow through the inlet 282 of
the housing assembly 206. Accordingly, the adjustment mechanism 506 may
be utilized to selectively control the spacing between the housing assembly 206
and the seal member 502, thereby controlling the flow of air through the inlet
282 and ultimately through the filter 208.
[0057] The seal member 502 is fabricated from a material non-permeable
to air at pressure differentials typically encountered in ventilation systems.
Materials suitable for fabricating the seal member include metals, such as
aluminum or stainless steel, or other materials such as plastic, or glass
reinforced plastic, among others. The seal member 502 is generally configured
with a plan area larger than the diameter of the inlet 282. The seal member
502 may have polygonal, disk or other plan form. '
[0058] The horizontal sectional profile of the seal member 502 may vary to
provide a predetermihed distribution of air flow and/or pressure within the
internal volume 214 of the housing assembly 206. The seal member 502 may
have a flat, conical, dome, bowl, convex, concave, spherical or other sectional



contenplated that the filter 208 may be retained to the housing 280 using
ot her nethods. WD 2006/ 118859 PCT/ US2006/ 015524 12 [0050] The stud 454 may
optional |y extend to about the second end 226 of the sidewalls 410 to
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[0060] The sealing element 510 may be any material suitable for providing
a bubble-tight seal between the seal member 502 and housing assembly 206.
Examples of suitable sealing elements 510 include gaskets, gels and bladders,
among others. Examples of suitable gasket materials include neoprene,
foamed urethane, silicone, butyl, viton and the like. Examples of suitable gel
materials include polymeric gel, polymeric thermoset gel, polymeric
thermoplastic elastomer gel, silicon gel, polyurethane gel, and the like. In the
embodiment depicted in Figure 5, the sealing element is a polyurethane gel that
allows penetration of the lip 284, thereby ensuring a bubble-tight seal.
[0061] It is contemplated that the sealing element 510 may be sealingly
engaged by the housing assembly 206 and seal member 502 in other
configurations. For example, the sealing element 510 may be coupled to at
least one of the housing assembly 206 and seal member 502, and provide a
bubble-tight seal without engaging a lip, as shown in Figure 6A. In another
example, the sealing element 510 may be coupled to the housing assembly 206
and engaged by a lip 602 extending from seal member 502, as shown in Figure
6B. In yet another example, the sealing element 510 may be coupled to the
housing assembly 206 within the collar 216 and engaged by a seal member
604 configured with a diameter less than the inlet 282, as shown in Figure 6C.
In still another example, the sealing element 510 may be engaged by a lip 606
extending from seal member 604, as shown in Figure 6D. In another
embodiment, the sealing member 604 may be cbupled to the housing assembly



through the trimring 264 and into the sidewall 210 to secure the trimring
264 to the filter nodul e 200. [0054] The housi ng assenbly 206 may i ncl ude
an optional diffuser plate 244 coupled to the housing 280 and extendi ng

into the intghior me 214 of the housing assenbly 20 ‘ er
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through the inlet 282 into the housing 280, such that a uniformairflow
distribution through the filter 208 is realized. Generally, the diffuser
pl ate 244 isoﬁ)ositi oned, sized and shaped to provide uniform aerosol and
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air (or ot heruﬂf‘z%éi. into the internal volunme 214 of the housing
[0063] Referring back to Figure 5, the support member 504 includes a
cross bar 516 and a mounting plate 518. The cross bar 516 is coupled to
opposite sidewalls 210 of the housing 280. The mounting plate 518 is coupled
to the center of the cross bar 516 and provides an anchor for the adjustment
mechanism 506. In the embodiment depicted in Figure 5, both the cross bar
516 and the mounting plate 518 have a “U" shaped cross section to limit
deflection.
[0064] Referring additionally to Figure 7, the end of the cross bar 516 is
coupled to a tab 702 that extends into the housing 280 from the sidewall 210.
The opposite end of the cross bar 516 (not shown) is similarly attached to the
opposite sidewall 210. The tab 702 may be coupled to the sidewall 210 by any
method that does not generate a leak path into (or out of) the housing 280. In
the embodiment depicted in Figure 7, the tab 702 is welded to the housing 280.
The cross bar 516 may be coupled to the tab 702 by any suitable method, such
as welding, riveting fastening and the like. In the embodiment depicted in
Figure 7, the tab 702 is coupled to the cross bar 516 by a fastener 704, such as
a machine screw and locknut, or rivet. Alternatively, the cross bar 516 may be
coupled directly to the sidewall 210 and/or backplate 212 by any method that
does not generate a leak path into (or out of) the housing 280.



assenbly 206 and a second position that prevents flow through the inlet 282
of the housing assenbly 206, Accordingly, the adjustnent nmechani sm 506 may
be utilized to selectively control the spacing between the housing assenbly

206 and t hgygssmk fgeper 502, thereby controlling the f'@g'rfﬂszﬂiﬁfmstsm ough
the inlet 282 and ultimately through tjge filter 208. [00 seal nenber

502 is fabricated froma nmaterial non-perneable to air at pressure
differentials typically encountered in ventilation systens. Materials
suitable for fabricating the seal nenber include netals, such as al um num
or stainless 9085] | omhgtadiustmentmeshanisichOGis generally. suitablgtasentreldhaf or ced

plastic, amngili®cwethingsah| MRARR: s09%nCidanRs deby SaRlddYufdmat D 2

pl an area | ardger |arre the 1n 502
may have pol ymeoadnisrds s&0®rinoluder lgadarsciesvan bald GBBWI,hacher isceewsy| limesrt i onal

B o1 butt on SR0EPHs. RBTG, ARferh Al ¥iiidbre hBRY  MEcRaRba FRfddPs Beng1 4 of
Home, bowl 2%?5'30“%%“3625“3“'“‘ e mha'h'mg%%dtz’gesé? o
PCT/ US2006/ 01586W 530 3 s‘ﬁfé‘ﬁeh“ﬁsﬁw b6 3he SteRLfbIn 2L, ERE oty 5%‘? Bhe
seal nenber 55 ?rases to%a shamaeate&tbr@mgefr@hammah%@h SBUQJ;ﬁﬁélteﬂW&We M2

generally inclu an quter portign 508 and ortio 14. The outer

portion 508 seHhand & wilizeddq rpiate Qa'ﬁ@ﬁtsc?ﬂbg%% t?‘ 0‘53 "trlgetﬁgé’&’ﬁ't'ﬁﬁrrber

502 facing th@fthgld le ABE540 gl&?qhgmdmt%odepi cted in Figure 5, a channel
orti

512 is forned in t e outer on 508 of the seal nenber 502 to position
the sealing el0866ht 5Ibe|laadlsmew§$® iscaxiglystietained by aingl inay refate relativeltetr 282.

For exanpl e, %%uﬁﬁ? %mﬁé?%(‘)@ lﬁltﬁli’ééﬁﬂhgﬁéélrﬂ d%ﬁl?:{t{de ﬁh%g[nf‘é Bl th¥Shhfl 5 Fsﬁe lip

284 that exten e Interna sing assenb 206
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510 ensures 2 BURRI £ oidtdB18°N tRleaddf pHiSh 522 or HIE IERY RIS B¥0' Which
engages the drive nut 540 has a larger diameter than the hole 536, thereby
preventing the lead screw 530 from sliding through the hole 536 of the
mounting plate 518. A retaining ring 534 may be disposed on the shaft 532 to
capture the lead screw 530 to the mounting plate 518, thereby allowing the
shaft 530 to rotate freely within the hole 536 without becoming disengaged from
the support member 504. The rotary cable 262 is coupled to the shaft 532 and
is routed to the adjustment mechanism 260 as shown in Figures 2-3B.

[0067] The drive nut 540 is coupled to the seal member 502 and is
engaged by the lead screw 530. The drive nut 540 is coupled to the center
portion 514 of the seal member 502. The drive nut 540 may be a weld nut,
clinch nut, press nut or hole threaded into the seal member 502. The rotation
of the seal member 502 is prevented by at least one pin 590 extending from the
housing assembly 206 and engaging a hole or slot 592 formed in the seal
member 502 radially outward of the sealing element 510. It is contemplated
that the seal member 502 may be restrained from rotation by a tab or other
geometry configured to engage the support member 504 in a manner that
prevents rotation of the disk as the lead screw 530 is rotated. |t is also
contemplated that the seal member 502 may be restrained from rotation by
anti-rotation geometry incorporated into the drive nut 540 and the lead screw
530. Thus, as the lead screw 530 is rotated, the restrained seal member 502 is
moved between a second position sealing the inlet 282 (as shown in Figure 5)



flowinto the housing assenbly 206. [0060] The sealing elenment 510 nay be
any material suitable for providing a bubble-tight seal between the seal
menber 502 and housi ng assenbly 206. Exanpl es of suitable sealing el enents

510 incl ude W?&?ﬁﬁssﬂel s and bl adders, anong others. BEpgqRlssenisssditable

gasket material's incl'ude neoprene, fogged urethane, silicone, butyl, viton
and the |like. Exanples of suitable gel materials include polyneric gel,

pol ymeric thernoset gel, polyneric thernoplastic elastoner gel, silicon
gel, polyurethane gel, and the like. In the enbodi ment depicted in Figure
5, the seal i inca 8 mositionspaeingihesraling gembenr£10 feam e hpesiag agseroblyof t he

lip 284, ther SN i %2% i ed
that the seal ?ﬁr%( el erreveﬁfglsliigmr.r%@’ glgér’segg%;le%g%elyg gag]enc?l %%W? %@B%S@?L@&
assenbly 206 28%lasdito thenibtariaseelume 214 ef thedisingassendnlyg 206or exanpl e, the
seal ing el eng 0 o,.at ; h ousi enbly
206 and seal @@ﬁgtr gg% B%ﬁlgﬂgféo%ggé 'gﬁ) Bhléoﬁﬁgélp an{stsgé‘ebtélf %v(\)n%t ﬁ%@ﬁgggl ng a
Li P, asI sgovmdrii\ﬁ; Ed#gﬁ#ﬂaaﬁ@\.thdz ﬂeﬁsd:r‘ew5303>aaomlra,57td;is Mihigllyg:wlpmblmthééo may
e coupled to_the housin sse 06 ___and en e alip 2 extendi ng
fromseal mentRd BETDELS moﬁﬁgr—tﬁﬁuﬁ:@ss gﬁr gﬂ&yeggén‘&?"r?ér 52‘269?}5’Féaﬁlyt he
seal i ng el emeprieverdt diflyordageingltRfbugh thé tefaieshat@esn SejidtmerOPerhdrisr t he
collar 216 and engaged a seal nenb 04 confi gur ed with a dianeter |ess

by er
than the inl e?06gbd the sgﬁbmmbﬁrpﬁ%well%e'?owma ageapipte; MovREeNE RAHAR ©adt he
seal i ng el emegtemH3omay be engaged by a Iip 606 extending fromseal nenber
604, as shown in Figure 6D. In another enbodinent, the sealing nenber 604

may be coupl el9#068] t he Im#iss prgodinaentisiepiofgsl frobigunel 8sthe Gaver 630396/ limdera 15

The el ar 25 Palifd oSt 8 B babEfo ko fod iimbBCepASN ChflL o ©f
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510 to provid
by the cap 574 to allow sufficient travel of the drive nut 540 along lead screw

530 in order to provide a predefined flow through the gap created between the
seal member 502 and the housing assembly 206.

[0070] Optionally, as shown in Figure 9, the cylinder 572 may have a
threaded interior 902 that engages the threaded portion 542 of the lead screw
530, thereby eliminating the need for a separate drive nut. In this embodiment,
a clearance hole 904 is provided for the lead screw 530 in the center portion
514 of the seal member 502.

[0071] Figure 10 depicts a filter module 1000 having a damper assembly
1022. The damper assembly 1022 may be suitable for providing a bubble-tight
seal such as those described above and shown in Figure 10, or may
alternatively be a diffuser, such as a perforated plate and the like. The filter
modules, also known in this.configuration as diffusers, which may be adapted to
benefit from the invention are generally available under the tradenames
Laminar Flow Module, Laminar Flow Element and Laminar Flow Diffuser from
CAMFIL FARR, INC., located in Riverdale, New Jersey.

[0072] The filter module 1000 generally includes a frame 1002 having a
filter element 1004 permanently coupled thereto. In the embodiment depicted
in Figure 10, the filter element 1004 is bonded to the frame 1002 by a
polyurethane adhesive 1012. A backplate 1006 is coupled to the frame 1002.
The frame 1002 has a depth sufficient to maintain the backplate 1006 and filter



bubbl e-tight seal, as shown in Figure 6E. [0062] The bubble-tight seal
prevents air borne particles and contam nants fromentering the cleanroom
The bubbl e-tight seal may be tested using pressure decay techniques, for

exanpl e, asﬁg(g?()%é/lﬁa%?g in ASME N509- 1989, Paragraph 5.9. Z’ﬁ%{'ﬁ%'g@%g 4E}Iat es

t hat the da shal | be bubble tight when tested i

position at 10 inches water gage. Alternative seal criteria nmay include
testing the bubble tight seal at a pressure between about 3 to 15 inches
water gage. It is contenplated that alternative seal test criteria may be
utilized. [O0CHeinertrep4iing bpadedrapart riatiorship; feereby sisfiningeattenBo4008¢c| udes
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the like. |n leheradomyodi ment depicted in Figure 7, the tab 702 is coupled to
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the damper assembly 1022. The ports 274, 276 are generally positioned on the
upstream and downstream side of the restrictor 272, and the in the embodiment
depicted in Figure 10, the upstream port 274 is positioned in the collar 1014
while the downstream port 276 is positioned within the interior volume 1008 of
the module 100.
[0074] The ports 274, 276 are coupled to the roomside of the module
1000. in the embodiment depicted in Figure 10, tubes 1030 couple the ports
274, 276 to penetrations 302 formed in a centerboard 1040 coupled to the
frame 1002 and separating the filter element 1004. A penetration configured as
an adjustment mechanism 260 is also coupled to the centerboard 1040.
[0075] Figure 11 is a partial sectional view of another embodiment of a
filter module illustrating another embodiment of a damper assembly 1102. The
damper assembly 1102 is substantially similar to the damper assemblies
described above, except that the lead screw 430 is selectively rotated by a
motor 1104 coupled to the housing 280. The motor 1104 may be a servo or
stepper motor or other motor suitable for selectively positioning the damper
assembly. In the embodiment depicted in Figure 11, the motor 1104 includes
an encoder 1106. The encoder 1106 provides a metric of motor position, and
as such, may be used to provide a metric indicative of the damper position.
Alternatively, a sensor 1108 may be provided to determine the damper position.
The sensor 1108 may be a proximity sensor, optical sensor, linear



16 [0065] The adjustnent nmechanism 506 is generally suitable to control the
spaci ng between the seal nenber 502 and the inlet 282. Suitable adjustnent

mechani snms 506 include |ead screws, ball screws, acne screws, |inear
actuators, ' tors, fluid cylinders, and nechani [ anong
others. In g&l@%’%@%M , the adjustngpt nmechani sm 506 iq’g:&:[fdusz@gﬂgﬁf“ead

screw 530, a drive nut 540 and the rotary cable 262. The rotary cable 262 is
coupled to a shaft 532 extending fromthe | ead screw 530 opposite the drive
nut 540 and is utilized to rotate the [ead screw 530, thereby controlling

the position digplagerment ittansduces. athengsenser| sutable risf, Bryidingosepetrise | ead

screw 530 is &k i ol i rt

menber 504. Iﬁmtcﬁg\/ée/%{)o I née}ﬁgelg%%l ct égﬁ?ﬂr]lé Igi gurém%pqﬂagﬂg? f@%w'o %t he

| ead screw 53%ensor dileissadines dispacement tearsdeceéror ned in the top of the

mounti ng pl at . A riion. 54 C '

engages the dfolo\?é?nut @1@‘%@‘5’%@%&8@?'"& éonvg%reé&ﬁ#zla%@ﬁzs F@Y%’%g%%bﬁgr eby

preventi ng t hmaydmdprevided &80y peoeirationdi 302 fonmeddh thé éiltboheus® aefshbive

nounting plate 518. retaining, ring 53 . di sposed on the sh 532 to
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from the support : tary cabl is coupled to the shaft
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[0067] The dr bé(r%d‘r“é)bgﬁﬂ(?rdrﬁ 115 witdt61d1 164, Idneod&al 10 BREG/or 38RsE M 08Smagbeaged
by the lead screw 530. The drive nut 540 is co:égl ed to the center portion

514 of the sebuteiabrye thexeiling=2Qs ofibe gleansnm #8¢ te@ eenkiglizecherntrol eRNEICh
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[0077] From the control panel 1204, the pressure drop across the flow
restrictor and with the damper position may be obtained, thereby enabling a
technician in the utility room 1206 to._set the flow in the filter module 1100,
and/or remotely balance the air flow in the cleanroom 204 between filter
modules 1100. Advantageously in this embodiment, technicians within the
cleanroom solely are responsible for replacing the filter, while all flow control
and balancing activity occurs remotely from the cleanroom. This method of flow
control and balancing is particularly advantageous in cleanrooms where the
decontamination of equipment leaving the clean room is required.

[0078] Figure 13 is a flow diagram of one embodiment of a method 1300
for replacing a filter. The method 1300 begins at step 1302 by selecting a flow
rate through a filter module 100. The flow rate may be selected by filter design
criteria, clean room protocol, regulatory criteria or by determining an air flow
currently passing through the installed filter 208, among other criteria. In one
embodiment, the step 1302 of determining the air flow rate is performed by
correlating the measured pressure drop across an orifice plate disposed in the
collar of the filter module 100 or other flow restrictor at a known damper
position, such as described with reference to Figure 1. The damper position
indication may be obtained using a damper position indicator 250, such as
described with reference to Figures 3A-B. It is contemplated that the air flow



geonetry configured to engage the support nmenber 504 in a manner that
prevents rotation of the disk as the |ead screw 530 is rotated. It is also
contenpl ated that the seal nenber 502 nay be restrained fromrotation by

anti-rotati %gﬁgﬁggy incorporated into the drive nut 5§9Tﬁ]1ggwg/m§5i4ead
: I

screw 530. the | ead screw 53Q,is rotated, the restrained sea
menber 502 is noved between a second position sealing the inlet 282 (as
shown in Figure 5) - - ------mmmmmmmmans oo WD 2006/ 118859

PCT/ US2006/ 015524 17 and a fjrst position spacing, the sealing nenber 510
from the housid®y H&ehs ydetsHBingds @W'ﬁ%ﬁ"ﬁ%urf@gféyg% HBFWHINGs dasenary el y

regul ating fl gy sthemyliinddanting Semotddermitns, g ctrid BEnthdl! &rid fHe (i@, une 214 of

t he housing assenbly 206. [0068] To prevent |eakage into the housing
assenbly 206 B878ken AteptianahstemdBO4abe slamnen assemblys2AZiy dowmd te areater 570

5 seaLinoly bl 4g, uiidhy TRORHNT Y RORPSHLLLIREC OB 0, e
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nmovenent of t | SGr : i i kN .Fi gure
5, the cover gﬁﬁteﬁgﬁg%% f‘e}ﬁ({l}azc}%g{}%@t%ﬁsi Irﬁg}téélggi'ﬁgpgg{r?g'gsm a?ﬁ%‘ﬁ@g%ghp ted to
t he seal menbstep3888and a second end sealed by a cap 574. The cylinder 572
has a predeterm.ned length t al l.ows the | rew 5 extend into
the cylinder %_ﬂfo a%ﬁgﬁﬁ‘h13?@%&6%‘33};‘]@8%2&%%@%"1@%& hggv'%[ﬁei\_‘“in@pent
travel of thetfiHevtetsfermiedebmbant. eAfloRE eRBodimENt, the bfeietéPniRE® Yatdeofa
predefined flow through the %ap created between the seal nenber 502 and the

housi ng assendir Jlowds edpabteoheit flow sateythraughdhe ipmpnMedtfiljer as detarmineghati nder
572 may have geptfapgaded interior 902 that engages the threaded portion 542
of the |l ead screw 530, thereby elimnati n%t he need for a separate drive

nut. In this E08dli net onerpbedimentestep|1d10may be mesformed byoadjusting ad

screw 530 in Lhe.cESorP@htitRE pressure differential across the flow restrictor indicates
the desire flow rate for that damper position. This determination may be made
by using a graph of static pressure versus flow for various damper positions as
shown in Figure 1.
[0082] Thus, a filter module that enables rapid and cost-effective balancing
of airflow through a plurality of filters has been provided. A method for setting
the fiter module has been provided that provides accurate air flow
measurement without the use of conventional shroud-type measuring
equipment, and allow an air flow rate through the filter module to be efficiently
returned to the pre-filter change out rate with minimal effort and equipment
within the cleanroom.
[0083] Although the embodiments depicted above are described for use in
cleanroom applications, the housing may be utilized equally effective as a
housing for ASHRAE filters, filters of HEPA and higher efficiency, filters of sub-
HEPA and low efficiency, carbon absorption products and the like. It is
additionally contemplated that the filter housing may be utilized as an air return,
wherein the filter is positioned upstream of the damper assembly. Moreover,
embodiments having a bubble-tight damper assembly seal allow the cleanroom
or work area to be advantageously isolated by the filter module, thereby
facilitating maintenance of the ventilation system, decontamination of the work
area, and the like, to be preformed without exposing the work area to



514 of the seal nenber 502. [0071] Flgure 10 depicts a filter nodule 1000
havi ng a danper assenbly 1022. The danper assenbly 1022 nay be suitable for
provi ding a bubble-tight seal such as those descri bed above and shown in
Figure 10, or may alternatively be a diffuser, such as @ hRldsef plate
and the |iKR¥02006818859 t er nodul es, alsQ known in this. con guratlon as

di ffusers, which my be adapted to befefit fromthe invention are general ly
avai | abl e under the tradenanes Lam nar FIOM/NbduIe Lam nar Fl ow El enent

and Lam nar Flow Di ffuser, K from IL F ted in R .verdale, Ne
s [ o0 7 SpRHRENATtS CFSTRAR P RegBeT gurane I V6 kapS Qe SURPY BRRICHS: havi

a filter el @Freawnét%lé}nmltﬁeaﬂ|eé‘rtdwdmeuﬁItl@&céébeéﬁémaubﬂapmaﬂaﬁ@dl ment
depicted in F ure 10, the filter el ement 1004 is bonded to the frame 1002
by a pol yur & adNEnqugh variops embediments whichopcpposaigthedeaehings of r ame
1002. The 1006
and filter m<5%3%%§é®%3‘“%& et QLS A eERbon T skl R Rhase
spaced- apart skidedin dnetarbcan ieadilyyderdse many ethpr yaied eousdimentsi iat Istill fi | t er
nodul e 1000. | hifupl ed to the backplate 1006 and
C|rcumscrlbe:l‘,n%:inl?(5 ﬁ%?%%%?ﬁééh' Eé'ud in the backplate 1006. The danper
assenbly 1022, which may be configured simlar to the danper assenblies
descri bed above, is coupled to at | east one of the backplate 1006, the frane
1002 or the collar 1014, and in one enbodinent, is generally suitable for
provi di ng a bubble-tight seal of the inlet 1010 of the filter nodule 1000,
Installing the bubble-tight danper 1022 in this configuration allows the
site operator to seal the filter nodule 1000 prior to "fogging" an entire
roomor |aboratory. [0073] The nodul e 1000 includes a flow indicator 270 in
the formof a flow restrictor 272 (no itens are | abeled 272 in Figure 10)
and pressure ports 274, 276. The restrictor 272 is defined by the air flow
gap defined by the position of




t he danper assenbly 1022. The ports 274, 276 are generally positioned on the
upstream and downstream side of the restrictor 272, and the in the
enbodi ment depicted in Figure 10, the upstream port 274 is positioned in
the collar 1014 while the downstream port 276 is positioned within the
interior volume 1008 of the nodule 100. [0074] The ports 274, 276 are
coupled to the roonside of the nodule 22000. In the enbodi ment depicted in
Figure 10, tubes 1030 couple the ports 274, 276 to penetrations 302 forned
in a centerboard 1040 coupled to the frame 1002 and separating the filter
el enent 10BAatiacéned bation configured as an adjustnent mechani sm 260 is
al so coupled to the centerboard 1040. [0075] Figure 11 is a partial
sectional view of another enbodinent of a filter nodule illustrating
anot her enbodi nentltepmoduldaomerisiagsenbl y 1102. The danper assenbly 1102 is
substantially simlar to the danper assenblies described above, except that
the | ead screw aB30erihougng Batingaryllarot ated by a notor 1104 coupled to the
housi ng 280. The it areod 04 (B Bferhof§hY GndhdapRiGBREL, IBLRE, MrohheL motor
suitable for se ect%vé?y$p05|t|oniﬁgotﬁegggnpéw asse%%gg. I'n {ﬂgﬁen%odinent
depi cted ielRi;gure 11, the notor 1104 includes an encoder 1106. The encoder
1106 provides a tric of. notpor position ang. as such, nmm q$ used to
provi de a netri%ggﬂ@?éﬁfwggl%ﬁé? EORHAPES F?Fdhﬁowﬁ$¥éWﬁ5¥ G@ﬁ?ﬁma sensor
1108 may bghgeputhéetnp® pdaiier Mdrator BempIAEP e kcakOscliic@ o the FRr ﬁ&&g\%f 1108 nay
be a proximty sensor, optical sensor, linear ------- mee ee-e- ‘
2006/ 118859 PCT? ¢/82y0 4 01 spa meglgniinsgsicess b fiemtan gpeedige ef therfilist heysingensor
suitable f oyi.dj ' ' ﬁ' [ t% ame itiQng.gln the
enbodi nent %ee[g{nc de %ﬂﬂ)egiagﬁj%{erﬁe%i,rﬁe{& éénq%sec\rélgl ?'Eefl ghrigs a 'Iqqlelﬁgggr &!cflg%fo l%acemsnt
t r ansducer froln(0g 6}teandsretat ifias hdaingp thevdadipagad) osseentcaathanismsionfighsd tor
sensor signals _may be_proyided usin netrations 302 forped [n the filter
housi ng agseé Ity ¥ate of ﬁwe tYow throug thg cgl?ar a%}usting the tﬁreagednr?lem er of the
damper adjustment mechanism relative to the scale of the damper position indicator;
a filter element sealingly engaged with the filter housing;
at least one port configured to provide a metric indicative of the flow through the
collar;
a first port arranged to provide access to a metric indicative of pressure upstream
of a flow restriction from the exterior of the filter housing;
a second port arranged to provide access to a metric indicative of pressure
downstream of the flow restriction from the exterior of the filter housing;
a first penetration formed through the filter housing adjacent the filter element and
coupled to the first port, the first penetration configured to permit communication from
the first port without providing a leak path thought the filter housing; and
a second penetration formed through the filter housing adjacent the filter element
and coupled to the second port, the second penetration configured to permit
communication from the second port without providing a leak path thought the filter

housing.

2. The filter module of claim [, wherein the damper is engageable with the filter

housing to form a bubble-tight seal.



in Figure 3B. Alternatively, and as shown in Figure 12, the penetrations
1202, simlar to the penetrations 302, may be provided in the backplate 212
or other portion of the housing assenbly 206, such that the controls
signals, power or sensor output fromthe notor 1104, encoder 1106 and/or
sensor 1108 nmay be routed above the ceiling 204 of the cleanroom 204 to a
centralized control panel 1204 dispose@d in the cleanroom 204 (as shown in
phantom) or other location wthin a facility 1200, such as an utility room
1206, | ocated proximate the cleanroom 204. The panel 1204 may be | ocated in
ot her suitabl e Theddter oreslule (f @BITR, Fhomintthebwhbha-tight spa dietthet 20mprisehe pressure
dr op acrosg Bﬂ% Qlom/ restrictor and with the danper position nay be

obt ai ned, ﬂere%y'enabling a technician in the utility room 1206 toset the
flowin the filter nodule 1100, and/or renotely bal ance the air flowin the
cl eanroom 204 between filter dul es 1100. Advantageously in this

enbodi ment4 t ecﬂrﬁm@tﬁﬂgowl% Rf ﬁg‘?‘ﬂe" WhCESHh SO ANt df EPR@BENETBItRe f or
replacing fg filter, while all flow control and bal ancing acth%k} occurs
renotely fromthe cleanroom This nethod of flow control and balancing is
particul arly advantageous in cleanroons where the decontam nation of

[ [ | [ ired 0078]  Fi 13 i fl
Giagr am of one. LRoBTHENIDP! SoHb haWeThbB® Pl Tapact A i b8 oo™

met hod 130gbiRRgi Ns at step 1302 by selecting a flow rate through a filter
nodul e 100. The flow rate may be selected by filter design criteria, clean
room protocol, regulatory criteria or by determining an air flow currently

passi ng t hgough i I f.il.ter 208, anong other criteria. In one
enbodinent? theAg?§Eh§§ggcd§g%%k'rnining the air flowrate is performed by

correl ati ng thea fieadoneog pavessacalagr op across an orifice plate disposed in
the collar of the filter nodyle. 100 or. other flow restrictor at nown
danmper positi &193‘2%}?05@%&%[&1}% iy haptime s adagirddoggytaty dloyy thro ﬁéh‘aanper
position {gdj.cation may be obtained using a danper position indicator 250,
such as described wth reference to Figures 3A-B. It is contenpl ated that
the air flow WO ¢008t pa88EOINPCTOUSAFRS/d 18 Brlicate a flow rate through the collar;

a damper adjustment mechanism accessible from an exterior of the filter housing,
wherein the damper adjustment mechanism is configured to set the flow rate of the flow
through the collar by adjusting the damper adjustment mechanism relative to the damper
position indicator;

a filter element sealingly engaged with the filter housing;

at least one port configured to provide a metric indicative of the flow through the
collar;

a tool adapted to engage the damper adjustment mechanism to control a position
of the damper through the filter housing; and

a scale disposed on the tool, wherein a position of the scale relative to a feature of

the filter housing is indicative of the position of the damper.

7. The filter module of claim 1 further comprising:
a flow restriction disposed in the filter housing; and
a differential pressure sensor arranged to detect a pressure drop across the flow

restriction.



20 rate may be determ ned using alternative nethods, including danper

adj ustnent turn counting, renote sensors, electric control, and the |ike.
[0079] At optional step 1304, the danper assenbly 222 is closed to create a
bubbl e-tight seal, thereby preventing air fromentering the cleanroom 204
when the filter 208 is renoved at step 1306. Follow ng renoval of the filter
208 at step 1306, a replacenent filteR4is installed in the housing assenbly
206 at step 1308. [0080] At step 1310, the air flow through the filter
nmodul e 100 is returned to the predeterm ned anount. In one enbodi nent, the
predeterm ned rate of air flowis equal to the air flowrate through the

reroved fidter A% ARNSRAASE ehim St AR 0l SREL) iy QNoSARd)IERL, St ep

1310 may be performe y adj usting position until e pressure
di ff erentilausiagr oss e f| owopeesitly i ct orcdupldidcat estot he dibsire f Hawparate for
t hat danper position. This determ nation may be nmade by using a graph of
static pressure versus flow for various danper positions as shown in Figure

1. [0082] ghus,Ti fflick hdduRRAelaem tiFakh@RaRp ﬁ§n% .apid and cost-effective
bal ancing of airflow through a Iuralltg ilters has been provided. A

met hod for set td yigiableHlo v ieptrigfiomdiarased e Bberhopsiagiatdd t hat provi des
accurate aifr f'@Xan?oer%?éér@J%nﬁreé%Feha%ﬁ c%r?%tl’f%s\? rﬁgle%wl%nttncﬁ&?' shroud-t ype

measuri ng equi pnent ow an ai'r e throug e filter nodule
to be efficiently returned to the pre-filter change out rate with mninma
effort and gquhgneq%) Wi thjn, the cI anrqp 0083] Al t hough the enbodi nents
depi cted abBve ‘armethpdder jepleging 3 @5 o filter gk iSo R % at i ons, the housi ng

may be utilizediequalihya gbleski ve as a housing for ASHRAE filters, filters
of HEPA and hi gher efficiency, filters of sub- HEPA and Iom1eff|C|ency,
carbon absor pt iremopingthecfiléer diroeh thiadilter kedulést is additionally contenpl ated

that the filter; hojsl 9. RYBS: Ml A8HEPmBRI dna” Ot Ur N
positioning a damper using a damper position indicator to set air flow through the

filter module to the determined flow rate.

11. The method of claim 10, wherein positioning the damper further comprises:
viewing the damper position indicator from a roomside of the filter module with

the filter installed.

12. The method of claim 10, wherein filter module comprises:

a filter housing having a collar, the damper coupled to the filter housing and
adapted to regulate flow through the collar;

a damper adjustment mechanism accessible from an exterior of the filter housing,
wherein the damper adjustment mechanism is configured to set the flow rate of the flow
through the collar by adjusting the damper adjustment mechanism relative to the damper
position indicator; and

at least one port configured to provide a metric indicative of the flow through the

collar.

13.  The method of claim 10, wherein filter module comprises:



wherein the filter is positioned upstream of the danper assenbly. Mreover,

enbodi nents havi ng a bubbl e-ti ght danper assenbly seal allow the cleanroom

or work area to be advantageously isolated by the filter nodul e, thereby

facilitating mai ntenance of the ventilation system decontam nation of the

work area, and the like, to be prefornmed w thout exposing the work area to
25

(a) a filter housing having a first side and a second side, the second side
configured to sealingly engage with a filter element;

(b) an airflow inlet formed on the first side;

(c) a flow regulating device coupled to the filter housing and adapted to regulate
flow through the filter housing, wherein the flow regulating device comprises:

the damper adjustably positioned near the airflow inlet; and

a damper position indicator visible from the second side of the filter housing,
wherein the damper position indicator is configured to indicate a flow rate through the
filter housing from the airflow inlet;

(d) a first port and a second port arranged to provide a metric of pressure drop
across the flow regulating device; and

(e) the filter element sealingly engaged with the filter housing on the second side.





