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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.
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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 andfor 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 fiter 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,
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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;
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as the danper itself, or an orifice plate, diffuser

late, and the like, correlates to a specific flow
wmt er nodule. The filter nodul e of
@B?oﬂrgtsﬂgtﬁ ii” Sl?xgif)hog rﬁ’étrﬁlfy :fyg%vr@lé%'gaegl t@P%éd@B and method for
facilitating rapid flow setting and/or balancing of a|rﬂow 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 set to 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
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deahper bosition wlicedom®50, anteanlaaiflow dsdieatary2202 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.
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[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 184 may extend into the interior volume 214 from the backplate 212
and circumscribes the inlet 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.



vol ume 214 of the housing assenbly 206. The collar 216
is typically cylindrical, but nmay alternatively be

W@ quwanesssy ect angul ar or have anot her shape. AnPOPUBNED15524
lip 184 may extend into the’interior volunme 214 from
the backplate 212 and circunscribes the inlet 282. The
lip 284 is sealingly coupled to the backplate 212, for

GO, A AR g Tkl oo o
St higssahaplos bbbt s oo
(swm a5 TEmeioDs U4 i diauies 30| e SHer m@ﬂﬁnﬁ@sdn the
sl cgl‘:ﬁe'l‘ﬁ Wb SseWerF@QE%QRetrg‘ﬂ?vﬁ fRlicAter Q’?(t.) lid Puth@Softh of a flow

anper ussed further
rbstriotar [27Q3%pu htecbwéhlertbe dioften? ] 6,tqushas &plodifiee plgte. Upstream

A R RirRam, BRusue Peitsr £H 2T e dipbSHB! 1 cotlar 216 on

e{ﬁﬁ@ﬁ%{oﬁ d)ioﬂhe(fgﬂfﬁ\ﬂ@sztggtolﬁ Ieﬁeia:]rai cw}ﬂz@@@ then flﬁll"@S{y &Py iansensor
e filter nodule . In e i g n

P RELInARe TORE G PoRDPn i 5 soaTeramBtac g tih HOVndialor 270 may

iﬁélﬂﬁé 'RAEF %rofzﬁgwrF@HﬁfcﬁﬁP léribht, td"'u%hcé’é kit dahSper assembly

as anorifice st ream’ and downstream
ilsetf szruotbep diltes hzuamgmnmmerm wb@s@a the prasswel drgp ghithe flow

R e

&ﬁ%@dlh#é?ﬂ‘s vdlhfeéé @rfmfr@tﬂlﬁb;ﬁtmdl#gﬂfﬂlﬂte vévéalsle cgatpl ordrifieede.g., flow
may i ncl ude ot her s o ow, 1 i C

repsigtoft 27%héiﬁf'a§dt%ét'a%)rlﬁgﬁé\ﬂp%fs§§ﬁm? "228iF wlibischas the flow

Mllcéﬁr L Ehd Qoﬁl%ﬂ@é‘ﬁrﬁresm%r&rf‘z’?@@s PHSIEEHEE With@Pthef interior

Ow passing by the restricting el enent may be
walurhiez @d4t of dbeehausingt Assambly 286 e separatadolipfeihe upstream

S0, R, 128k B Py 20
[gOQGFr asgesrblss eatdeplated thatetedow hﬁilcfdtomlzmdna}aabernatlvely

t he downstream pressure port 276 is iti,
b imithe foBn iaft @ Mo Witk ROREIOM ebprt%'éerh'a‘d'%‘ 8@’%6?%?%”"9

cf&%ﬁ S&Héfa?éoeéo@}%mp éllé@ tHE o SRR HR8Y rz%spmay B/ th % form of

er asse as shown in Figure 2B [00362
a WIres‘oatransmm@amugtaé&orman aleiranieprassyre sewsor2a$ (shown in

ol L FRU P SR EOubiRy B g o P b bars 274, 276 The
ééns’oﬁ 286S Magopicigd at sighalhiatiicatiee sairp?essmnenex ﬁm@) fmm one or

in the formof a_wire for transferri
thbnﬁ)fatheIP@Hﬁr éfftc2fPedBdriB iEnsHpo g’@er?igﬂ "%ﬂ'n phantom in

PURR 2 e st Poes il ﬁfaeggﬁieﬁ‘t?ﬁ?%eﬁf gnal

[0067]:at i VRRetofnipg de Jtigere( 24, eadwpi dHeingludes a fll"St 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.
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Figure 2A, each sidewall 210 includes a first end 224

coupled to the backplate 212 and a second end 226 that

| nterfaces vvlth the cl eanroomceiling 202. The first
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SI dewa ve a

10 ha that 1 ncludes an
Mmdhemondremﬂszaualmg achartion 0§ theyouterasactionpd?d tea sealing
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LB SR TRSSAE Bod Thner sl 2280 ok LGN GHER ot e
$dvontli sd 226] A imohet Bmboeiment, end f2Bfcated frotrhe continuous
i nner section 230 extends fromthe sec
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rngly jolne e second end 226, and in one
08O nedn,orer enfhaidirneat, dde fsealing Sec’mm R38upchidesen knife edge
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i n
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d 1
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b i L B P o
Q DS PRIk aRP Bf Wfﬂt@ﬁZbB'érﬁf a28Swndthetim éMPomside. In

a |ng section 232 separates the interior volune 214
hhet M@rdmbeﬁ@teaegénmeyfazm with theaserlingusrclion b4 seraraies the

B A 550, e 8. BE TS ol Paounsteam
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B70] GowiBrinedmBpak RGP0 Jog E: 2o, SeqIG Sloment 238

&l §?1[]fo°§é‘él;2gﬂch 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.



[0040] In the enbodi nent depicted in Figure 2A the
sealing elenent 238 is a fluid seal, such as a silicon
w@roopolsssy et hane gel, disposed in a trough 240r¢DUR®A6/015524
ina frame 242 of the filted 208. The knife edge 234
penetrates the gel to create an air seal between the

filter 208 and housi ng assenbly 206. Filter
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ally se Lh<oh 799 and res
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6A\Bd LadiiZBed! Mom! @5t sbrhéid& e g eflltéﬂeWnodule 2oo without
Jersey.[0041] The sealing section 232 is generall

eRraprasmisinghthenlegk-tigkd Jategrity of th@ Beusing gssenly mm!uﬂ@ filter to
0 Lo |
IR sPEE TR Ropplebbioedy PRAFS P2 0 nBion shown
isOther dampemay,iywektmeirhdnebleamsme%@ owbhéchaix epspkbdf toithe damper
ter .nmodul.e 200 ,wi

h f he  f
RPN € noWeE tiansiisaion HEuer SUFL RS BrBtams cable,262.

orbl y FEggrd BA fis | iy drifbdtiRiEint ofS 8akectidhdl "Bew through the
enbodi ment "depicted in Figure 2A, the penetration

serling pectiane 2@4nleistrating Anee embasimant $h theo dammerhagdiystment
ﬁ%ﬂéﬁgn{ 966hglo‘fj@n§%ﬁ So%?%ﬂ%%%s %%? fO¥ c%u%ﬁ?é‘&rzsggsor lines 304 to

transm ssion as a rotary ca
fheobalkheEadufittings\ 248 dskownbindFigemeé 24A).a keoheoeaibodiment, the

tBBA Ao mectaRE 280 ididnse Bhebik e Bafidga frst end 312

é\h@a%e‘@’ohb MRIN®t4.aThensod§ i@rse‘éﬂH i dilipRe e the i sealing
304 to_the bul khead flttlngs 278 (shown in @F(;fgure

wleﬁeZ&é%TbmrMeﬁwtab ReMatiade fornaxamplary AeeoniiiuonsBeld 326.

1961850 A0DMedHD Ko poich, 318 TR Bliedep o, troacea

mlembdreﬁﬂjédw@lsedghmgh the adRishyenhmneshanisoh S6fet fibd, second

ot pTA LTS pafl A GRBlRE S Borkes (6,1 R g 283 at It partially
ﬁlf@dewﬁﬁda pRokieg materidi SROSAftably gt e(/éﬁtlﬁgill nfﬁetween the

mechani sm 360. The second end 314 of the body

PR GETOLSH6 O 268 T1RE TBofae 200 Podaiel dagtiroom 204. In one
t n
STPOLRLN, 14 Lty ol S0 EAER) 2odd? 3¢ ol
it btherfaultable maﬂe:maism hediseddogirewentleakag@e thiongbribe body
ﬁ'ﬁ) the ckl ﬁtg[hn?ke“ al 320 is vacuum grease.
Sé"c %H‘Bpg’t 6{'K&r suitable materials may

[004B3ed tThepeRy efthd ARMMGS 32T @idpBséd hsidslihe 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



310, such as o-rings, gels and the Iike. [0043] The

end of the nenber 322 disposed inside the filter
woedl1e88200 i s coupled to the danper assenbly PCRUB006/015524

the rotary cable 262. The ahd of the threaded nmenber

322 di sposed on the cleanroom side of the sealing

section 232 includes a head 324. The head 324 has a

o B e 200y 952 °TAESE BBl e AORERR Bl 2.9m, the
s%%'eeggub"iﬁ | ombSdEEirt e bBéiﬁ@ﬁqﬁdlﬁﬁtﬂ?e%(S%ld:m id BﬁobWé}’ded or
e adj ustment mechani sm 260. %0044]
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le 330 | I
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cj%%ﬁgﬁhy gg)gﬁto GRE T SO | 4, ' nb%g«%}}b;%f dPBR Iam?é}o% be f tne flow

by~ counti ng turns
regieictarr272i(é.gs laoiied p]admpm spown tin 6%1gurp02)%5>]r tine dlow gap defined

SrBsaaewer 2o abts 2B ondhshenelraiths doz dehefy include an
H{e@ﬁélna?édk SalvE aédee(érﬂiwrpwvahtaﬁﬁma)t td pa@kmn@als@g@mmugh the

as a differential pressure sensor 308 disposed in
penetrations BO@wiP@n NEbINtURE. port s 274, 276 di sposed on

[@ng ' SIF@@L&%{@ h?s':{elg%‘rgé:{@riélg{rll‘é%ghéaé\%( g”&% S gﬁﬁ%féé}%on 232
iflhstratimgpenoftiz? embbdipuere 2B)the T%mnr;emalduw&tmm rBthanlsm 260
check va

355 G e o 2 B

Q?B'émvr{ﬂmZFn P@onnnltneL@ﬁbmﬂ.&Mﬁ]deancﬁaﬁenrFEgure 3B, the
s ctional view through the sealing section

adjustmerﬁtmagwamsmraﬁo ehsi@srashadigstheaet tO@bﬁé@rand a bracket 346
) VBT, AR AR R0 o bRERES 80408 0 e
\Zﬁh&n@ham oh theé dhousiRA.assambhe 286bodi hterhlnre@elpdcﬁmnbew 380 is

AT s LA ey B84 TR ST 3g0 oy e
?lﬁ@ﬁfif{g?r@iﬁﬁﬁe& hofd 34B Roriveadial & nraAlingsdddtion 230 tdengage 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



vol une 214 of the housing assenbly 206. The threaded

menber 380 is coupled to a head 344 of the rotary
w@awba1862. The adjustnment tool 350 may be di SpPOFE82006/015524

t hrough a hole 348 forned ilh a sealing section 232 to

engage the threaded nenber 380. The tool 350 is

adapted to selectively rotate the threaded nenber 380,

a2 kB oA £ Bhpde B o B SRREE ot 340
ey berse3fdl with aftcegandableeplog@det 346, and as such,
the tool 350 advances_into or .out of t he fllteroé{m
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TRuNisenabowe (lonEoI H0piaitDE FIRARICH 4o Zhafer Of Other device

dlﬁﬂ)é‘fécLﬁ\ttﬁ Boﬁ{ ectrical penetration di sposed
roug e sea g portion 232. The penetrations 302

[@048]:onf |rggmr@d4tctemcta;ar@ﬂaersembodlmmieofsamom%@ having an

G050 i SR A02,! SRR TONEHBI 8o gencraly
¢ifflbeed de Bfé@wa'ﬂbamdéscﬂbe_dfabdi@ withetferencanto BQfure 2A. The
di sposed on the, cl eanrgmggg of the filter hou
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@éﬁcﬂ{%ﬁéryséﬂ%‘e BOMWF {ree sﬁ%ﬂﬁsﬂlum%t Brovitfe I%\Og»ta‘har seating

03|t|one across the flowrestrictor 2
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[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 406.
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.



simlar to the sidewalls 210 described above with
reference to Figure 2A. The sealing section 402

w0 p@butsssd a fl ange 404 that extends perpendi cuPEr/U§2006/015524

inward fromthe inner sectildn 230 of the sidewall 410
to provide a planar seating surface 412. A filter 406
havi ng a gasket 408 di sposed on top of a portion of a

HEDRL, B SOy Rl 0965 30 o 226 o

tH¥sidewd9 U 1de td fasiithted ebusig Iah@erftﬁraﬁedﬁ@r@@aﬁﬁéd screen 258

filter 406. |t is contenplated,t asket 408 nmay
(reen) indrigaie 2A) pcrasspheoRas eheé 0? %b@ua 470t {&e screen 258

I I t
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acdrn460x nomiherdfaﬁteaelsmwmfcmmed:dgpﬂh@dsw 1454 to secure the

flan b 450 may be rotated about a

§?f88ﬁ?§§q§>ﬁ‘§ﬁf§>uﬁﬁ‘vgr‘%‘% the standoff 452 to provide

[do5a) anceRé@irning MoV Fiire €I, agi trigh tring 264t|§rd|§@@se@beﬁmen an
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the tilter 406|S|nserted|ntoté] Busm 400 r?
gawnql §6rep50258 angithe spushacassemiay 28 1pig rthﬁ)@te ace of the

@élﬁ@%&%@ﬁ\ﬂi*?@@%rﬁp% F@ 29P%Mthe é}eéﬁlv‘idﬁnﬁ‘@boﬁ;ggﬂ\iﬁﬁ, or other

rea on the st ecures the pa
pwani oot showing maybempriieddbativaentthe triin ring 26dsamdigeiling 202

Ropisdiadt PEdeisd brfabfl e, aahibot o, A Uifiterscl aipq 386 above
tHeoutilihg €202 c dndmesid apglicatibns hthes ipekeswalre sn4the tleanroom 204 is
LS5t A BT AR L 2 o R PP ar 20

hﬁ&ﬁ{éﬂaeéﬁgoﬂ%@creen 258 has a plurality of
mounting holes configured to align with the studs 454.

00523 or n The Bim otingr 264sisergananally zoropiigeddoft stainkess steel,

albln et BRRCHE HARIREL TER A b8 206 i O ed B o picture

ﬂ“aﬁ@ozw dbﬁhmgedh apenpid 20Ghnd iy 25@nge@92hextend|ng into the
ousi ng _ass interf

nbly 206 to cover the i f th
Aoty 200-sHbTENGoly RREPRNATUIR R obeopIciTe HPEin28gm In the
é%odﬁgé'rlﬂkde&btéa ﬁ?Flg%@é'ﬁUtthégﬂ&tu%qWe@B Eerectangular The
between the trimri'n 64 and ceiling 202 t
ptctsxrenfranneak&@es lwenfigered: t@eexneednfrr@mnaanan@rnsurface of the inner

Sl 0 5r S BT o EBfor f pold Bad Rk 6TEc202 in which

tHectad ®ing hesernbly Zﬂ&‘issmoenﬂed the area 286 to prevent
[ooalézi\ge f+ﬁ§ arl]r?gear2€9a2 2|§6d||s;r)]ct'>ge hggalhsetanhg olrr?n%r 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



[0052] The trimring 264 is generally conprised of
stainless steel, alum numor other rigid material. The

WO eooai188sy 264 i s conprised of a picture franeP@B8S2006/015524
defining an aperture 290 and having a flange 292
extending into the aperture 290 substantially
per pendi cul ar to the picture frane 288. In the

A"y S5 AT ML Sy, BB HEferdi TR may be
SfEed, %ﬁ@%tb@ @@xpaﬁdéd eoratiow iah st sonfeagie ﬂow thBesthrough.
i nner section 230 of the sidewall 210 to cover a hole
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C%Ql@foiss'&h% 6 airl &Qﬁﬁ% iftBRof J/d?} A 2P Irﬁth@' éﬁﬁéﬁﬁnent depicted

I'nner surface of t e sidewal | s
in hlélgure 2A,i the 2empes assembly 222 tinecounled g theas daskplate 212.
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[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



[0056] Figure 5 is a partial sectional view of the
housi ng assenbly 206 illustrating one enbodi nent of

wo b@odsssper assenbly 222. The danper assenbly PCRUS2006/015524
i ncludes a seal nenber 502 1¢oupled to support nenber

504 by an adj ustnent nechani sm 506. A sealing el enent

510 is dlsposed bet ween t he housing assenbly 206 and

the se rrerrb r 502. The, adj us nment hani m50 '
aShodREnt SapicTksh i FIG09 Danaas dhempet 502 has a

mgté@%hg%a%l ows air (or other gas) into the
I nternal volume 214 of the housing assenbly 206 and a
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he seal nenbe may have pol ygonal , disk or other

wO@ﬁ]f or nmhg seala]g eﬂﬁénemi & 18omex besaiy meiarialguiablesfasproviding
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5, the seal nmber 5 as a truncated cone shape.
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p03| ion relative to the inlet 282. For exanple,

engagrd by Ahps heusisganssembly 288t @ned seal member 505 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. [n 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



relative to the lip 284 that extends into the internal
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i nside of the collar 216 and the seal Eenber 604 as

The oppaite learkerf the167088 Dar BBd@oh shawpi & einglarlysatached to the
BSp RV dEWalrio98! §hERab 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.



[0062] The bubbl e-tight seal prevents air borne
particles and contam nants fromentering the
web®@antssem The bubbl e-tight seal may be test ePCTIEE2996/015524
pressure decay techni ques, 16or exanple, as descri bed
i n ASME N509- 1989, Paragraph 5.9.7.3, which states
that the danper seal shall be bubbl e ti ght when tested
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& thewahd sétéw 5BUEist dibpdésd ﬂ‘ﬁduéﬁ‘ aCievle! 336 fd?nie‘dem the top of the

sidewal | 210 b nmet hod t hat does not genera
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ﬁ’f fﬁ{ir)y 4dev\ﬁé 'rot%é;ﬂc%lé/ﬁz Rasupled f 2t 532 and
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SCrews SCrews, acne _SCrews, | i near actuat ors,
podionr314 abthe seat maraber, Padethe dave M dfhimay be'a weld nut,

LIRS pAtER"Sut 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. It 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)



others. In one enbodi nent, the adjustnment nmechani sm

506 includes a | ead screw 530, a drive nut 540 and the
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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



206 (as shown in Figure 8), thereby selectively
regul ating flow through the inlet 282 and into the
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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



in Figure 10, the filter elenent 1004 is bonded to the
frame 1002 by a pol yuret hane adhesive 1012. A

whawkplssse 1006 is coupled to the frame 1002. A¢EUR086re15524
1002 has a depth sufficientt9to maintain the backpl ate
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f{fgl] L VgI'JéIéUI[e?-hgtigr?ﬁ g¥wiq§na}q%)9 121% é:rglgslgﬁr?%?t ofI 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
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cieanroom 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
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rate is perfornmed by correlating the nmeasured pressure
drop across an orifice plate disposed in the collar of

cordaminards upsti'ebm dDtheofiltert Mmedufd, wmée%béé %tf%rupﬁFy &pplications,

h d b

SORRSRER of B5S tiker odirie nyipyeaoasupiiasht Appliastionsn

'%'Sgﬁ"zs°?J?ﬁﬁﬁe‘éﬁméﬂ%ﬁﬁ%@%@@%q”ﬁ@%*%%t%r e feachings of
the Rreseahpivantianthave been shownl aml aiteecnmd e detail herein, those

S8 LU 5 U B 5, ) SRR e

ipeonpocate these teaehingse. [ 0079] At optional step 1304,

t he danper assenbly 222 is closed to create a

bubbl e-ti ght seal, thereby preventing air from
entering the cleanroom 204 when the filter 208 is
renoved at step 1306. Followi ng renoval of the filter
208 at step 1306, a replacenent filter is installed in
t he housing assenbly 206 at step 1308. [0080] At step
1310, the air flow through the filter nodule 100 is
returned to the predeterm ned anount. In one

enbodi nent, the predetermned rate of air flowis
equal to the air flow rate through the renoved filter
as determned at step 1302. [0081] In one enbodi nent,
step 1310 nay be perforned by adjusting the danper
position until the pressure differential across the
flow restrictor indicates the desire flow rate for

t hat danper position. This determ nati on nay be nade
by using a graph of static pressure versus flow for
vari ous danper positions as shown in Figure 1. [0082]
Thus, a filter nodul e that enables rapid and
cost-effective balancing of airflow through a
plurality of filters has been provided. A nethod for
setting the filter nodul e has been provided that

provi des accurate air flow nmeasurenent w thout the use
of conventional shroud-type neasuring equi pnent, and
allow an air flowrate through the filter nodule to be
efficiently returned to the pre-fiiter change out rate
with mnimal effort and equi pnment within the

cl eanr oom




[0083] Although the enbodi nents depicted above are
descri bed for use in cleanroom applications, the
whowsitmgsay be utilized equally effective as BCTOSR061015524
for ASHRAE filters, filterg2of HEPA and hi gher
efficiency, filters of sub- HEPA and | ow efficiency,
carbon absorption products and the like. It is

i,t.i onal contenplated that the filter housing may
@&%ﬁf+Pﬁggk¥£ELan air return, wherein the filter is
positi oned upstream of the danper assenbly. Moreover,

enbodi nents havi ng a bubbl e-ti ght danper assenbly seal
B | owAtTHer Brachile 68MPHEINGSr k area to be advant ageously

i sol aé‘ﬁﬁepﬂoﬁ:?ﬁgﬁigl\/ﬁ 5 BEfUH e, thereby facilitating

mai nt enance o véntilation system decontani nation

of t ha devnperacaunledita thédnouiskg, and adapmdcktfomregudate flow through

tgpt r}ﬂut_ exposi ng the work area tocontam nants upstream
€%t i1ter nodule, in the case of supply

appl i g#iltbpsiemant seanngy epgaued wilhethbiHdugingeed! e, in

the case of exhaust applications, [0084] Although

var i ofisleapbere Pert configHEed Ihpwvits ateetrirdndisaiivg afHowthrough
fnR&dnggesent invention have been shown and described in
detail herein, those skilled in the art can readily

devi se many ot her varied enbodi nents that stil

b1 er iy i bF Sty P iRl B R S aloadeae with the
kouding to forApameibbiotightedal.o the housi ng and adapted to
regulate flow through the collar; a filter el enent

sealingly engaged with the housing; and at | east one

gort eraffigtr stbdufe p&owiﬁﬁn 2 "Fhélein |AE! 6@ 'bhéetiq}& kbaWurther
through the collar. 2. The filter nodule of claiml,
Q@repeses.t he danper i s engageable with the housing to

form -tight seal. 3. The filter nodul e of
A9,

cl ai erein the bubbl e-tight seal further
conprises: a fluid seal. 4. The filter housing of

e chalTe fteEEasung L cleibr rifgs F8MESEId:  ne housi ng:
and g damper adjustment mechanism accessible from a roomside of the
housing; and
a damper position indicator.

5. The filter housing of claim 4 further comprising:

a first penetration formed through the housing and cooperating with the
damper adjustment mechanism to allow adjustment of the damper without
providing a leak path thought the housing; and

a second penetration formed through the housing and coupled to the
port, the second penetration configured to permit communication the port
without providing a leak path thought the housing.



a danper position indicator. 5. The filter housing of
claim4 further conprising: a first penetration forned

W boooaggsse he housi ng and cooperating with the Perps2006/015524
adj ust rent mechani smto al 2dw adj ust nent of the danper

wi t hout providing a | eak path thought the housing; and

a second penetration fornmed through the housing and

6oupl BRe tMtdrhfdefilé : oft B%irﬁeﬁ:,O%e?@iﬂeiﬁeatdtoféa%Pg;r{eg Yol further
to permit communication the port w thout providing a
FYARMN$RE'h t hought the housing.6. The filter nodul e of

cl ai : ' t t rt further ..

c orrp:rnfl i'(gsst\:%@{ % Hég pgg ¢ rgtprla)\\?ra%nagce g §§ ggﬁ' Wﬁybcemﬁf&aé%@ qf pressure
apstegan of arfthive egstrietionf fromethe wixteriopsf tiea fitef heudihgvand
restriction fromthe exterior of the filter housing;

I ng, .
and 2@ SYRENY POFt aHRPgRAE® PEPVING\AGEESE cloe§s Meiria indicative of
prRbEIR idolrtidane off tHY TRaLrestHeNds tFGRAMH &d&id BV the filter
restriction fromthe exterior of the filter housing.
housiM@ filter housing of claim6 further conprising: a
first penetration forned through the housing adjacent
the filter el ement and coupled to the first port, the
Becontheéliet hausiog of olairn guiueitiet comerising: conmuni cat i on

t houdhiirat Nttt ot Broulh S Rpusied adicattiibg ditar element
4t @oabiddheo hpes fing Q@Ut,aﬂﬂi‘tsebbﬁdfﬂ)éﬁeﬁfat%heggﬁﬁglgﬁe to permit

coupled to the second port, the second penetrat
¥nRmugisadant bhep Ersti port dewm withaut arroviding ecteak pattt thought the
N%]Jéﬂﬁ“an?jr oviding a | eak path thought the housing. 8.

The ti'l'ter nodule of claim1, wherein the filter is

r enp\aatsesondopenéteatioyusomeed dhrotigh fhid theusimedadmoeht the filter

oMol Ao ibfed i e SO bty B Secand PesnBatin ayfthpred to
skxmitecorattiunsdationt thereitani Wiﬂﬁﬁﬁiﬁ?b\ﬂdfn@%ﬂédkepathttﬂcéught the

roonsi de of the housing; a tool adapted to engage
- adj ust ment nmechani sm t hr ough

8. The filter module of claim 1, wherein the filter is removable from the
housing.
9. The filter module of claim 1, wherein the filter is adhered to the housing.

10.  The filter module of claim 1 further comprising:

a damper adjustment mechanism accessible from the roomside of the
housing;

a tool adapted to engage the damper adjustment mechanism through
the housing; and

a scale disposed on the tool.

11. 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.



the housing; and a scal e di sposed on the tool. 11. The
filter nmodule of claim1l further conprising: a flow
WO e@b/11886¢9 on di sposed in the filter housing; aPdI/ES2006/015524

differential pressure sens@# arranged to detect a
pressure drop across the flow restriction.12. The
filter nodule of claim1l further conprising: a notor

di sposed in the filter housing and operably coupled to
the danper. 13. The filter nodule of claim1 further
?:]En'prTISé ﬁ@erdmoﬂhml\o?@alm Hdtiither corapasing: | ndt he filter

ousi ng; and eans for ressure dr acro
e VAPEBTCARPRRES cd 11 ditGh NOLsTIdR ) PBPTaHbY AUPIS to the
§smBelsing: a filter housing; a filter el enent
sealingly engaged with the housing; a neans for
determning a position of flow regulating device from
?@.ex*ﬁéhﬁ%rRﬁdhn?opagﬁhQQUnﬁQgc ﬁﬁﬁﬁé:for accessi ng

a metric o essure across e ow regul ati ng

devi ca flow rtalshfloamheilspnsedfmttheflherulscbusjng;md Afilter

nodul e co r|S|n ter housing having.a first -
CTde Seans lauTisAsudfaressiie ARG awBsn s VRathie ot rastiction
first side; a flom1regulat|ng devi ce coupled to the
housin% and adapted to regulate flow through the
141 t ef ﬁ§U§VH§HGQOHW¥@F@port and a second port arrange

to prQYlltgleh&.lémé'” c of pressure drop across the flow
egul at1 ng devi and a filter element sealingly

engag&cﬁltwr ¢lemerd %aﬁsgly@rlgageueviﬁletbGMLsﬁnga 16. The
filter nodul rein eflo ul atin
tovi o8 Tass doP delorilg”a SEHId 8t oSy trdtafid deiice™fom an
eriAsestthelousitgtandl7. The filter nodule of claim 15,
wherein the flow regul ating device further

a means for accessing a metric of pressure drop across the flow

regulating device to the exterior of the housing.

15.  Afilter module comprising:

a filter housing having a first side and a second side;

an airflow inlet formed on the first side;

a flow regulating device coupled to the housing and adapted to regulate
flow through the filter housing;

a first port and a second port arrange to provide a metric of pressure
drop across the flow regulating device; and

a filter element sealingly engaged with the housing on the second side.

16.  The filter module of claim 15, wherein the flow regulating device further
comprises:
a diffuser positioned adjacent the inlet.

17.  The filter module of claim 15, wherein the flow regulating device further
comprises:

a damper.



conprises: a danper.18. The filter nodule of claim1l7

further conprising: a clanper position indicator
wo@bhisssd rom t he second side of the housing. BOT/UIINE6/015524

filter nodul e of claim15 ®8rther conprising: an

orifice plate fluidly coupled to the housing. 20. A

nmet hod for replacing a filter froma filter nodul e,

FRIPIIRE Bl SRLGIbNAM 37 1 AMe! GifprgifgVi g the
repl ag elemtgerfpdsition indicator visibliedromlae: becom‘ldlde of the housing.

posi tioning a danper using a danper position indicator
to set air flow through the filter nodule to the

fiet er thafled MAWulefdfelaim 15 further comprising:
an orifice plate fluidly coupled to the housing.

20. A method for replacing a filter from a filter module, comprising:
determining a flow rate;
removing the filter from the filter module;
installing a replacement filter in the filter module; and
positioning a damper using a damper position indicator to set air flow
through the filter module to the determined flow rate.



