LI NEAR DRI VE FOR | NTEGRATED DAMPER [ 0001] This
application clains benefit fromUnited States

we@e@viosiconal Pat ent Application Serial No. 60/ FCRUSMIG/041519
filed Cctober 24, 2005, which is incorporated by
reference in its entirety. BACKGROUND OF THE | NVENTI ON
Field of the Invention [0002] The present invention
generally relates to a housing assenbly having an
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with a linear drive nechanism Description of the
Rel ated Art [0003] C eanroons are utilized in many
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referéi%fih(jt@réﬁﬂirét?, renove particulate fromair entering the

cl eanroom at "a predeterm ned efficiency sel ected based

upon the cleanliness requirenents of the activities

perfornmed in the cleanroom As particul ates |oad the
BACKGROWMNDDF H4IEE ANVENTION] in the filter, the airflow

through the filter decreases as the pressure drop

. across the filter increases. Once the filter reaches a
Field ofithedayenti@@sure drop, the filter is typically
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ooz £ 852 Bred AL P R ARl 84 678 BRI S3BRbP having ar
integraéed damper,varichimore lspecifiealty, admusiay assemplyefpr an aimfilier having an
phar naceuti cal ﬁnd bi ot ech cl eanroons, periodic
naiefl daBpEhvithra ineargrvergechaNisMed to meet regul atory
or owner specifications. To facilitate efficient

c?p‘rmét ilter, a hood (housing) is
Desc?%@a 'y rrRogl;]attéégg\l‘r?] the cleanroomceiling in which
[ooo3it he Glebnmomsard etitizediin ymanyniodestrieador ephtamidati¢reosirol and to

. Ducted s |y hoods wi.ih nsi de .repl aceabl e .fi|ters.

improgeb CaHAb N e A AtyaphARER: Poif R, RRled dhdnp gieting of the
cleanfdSANBRICSHRAINSD abMrehtbvel gafiEQam® FBRHUEREHENRE tR& dleanroom at a
predetermined efficiency selected based upon the cleanliness requirements of the

integ

activities performed in the cleanroom. As particulates load the filiration 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.

[0004] On other applications, replacement of filters is scheduled based on time or
processes performed within the cleanroom. For example, in many pharmaceutical and
biotech cleanrooms, 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.

[0005] 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. Most of these hoods are supplied with
adjustable dampers that allow customers to regulate the airflow without having to
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process areas, as well as to | aboratory areas. Mst of

t hese hoods are supplied with adjustable danpers that
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torenmove the filter fromthe hood. The nost conmon

types of clanpers are guillotine, posed_bl ade and

removethe &Htér irotryﬁ‘@hoWenTm)mSétC@nW@P WP of fampera qe quillotine,

oppos<GE 35886 ol BRI Pl U (el neeea! nBBe dampers
essentmglst@;b Bhé flowv beramstcpﬁhé Ih@wr alne malnyt cassessltgel leakage through a

en consi dered the t
closed diasaparaamediobis|n msmeiian ssie. BoblseSiaanhuRenggnsidered in

not _.pr re not |eak-free or
the tergig ) CQ%@rgﬁ?ﬁo'%t%ﬁ él%ar\@'ol Hgdequate when it comes to
[0006] de@éﬁ@@bﬁﬁés@wwmmpemm nmtem*omde &aa@l (eee are not leak-free

i solation of th I F
o bubblecighi: Ihes arentgaseausts WaaR fawrars f eintiindtin ppopsses that

requirg 8§W§ eggﬁ,gogé’fécﬁ?lof T 'c‘éatnY RANEFG exBhflef 'd'uhﬁ@sroﬁ”ﬁb{e bgsting and

eaki ng or requiring rep acenent.
validat\¥heBf diltercimatatieanin anpwwmadeatncah ﬂat:daty fonanor Heoreditlers may be

oune o S ok ST R, 6y L B omoves
that fll@r ﬂﬁﬁ#ﬂﬂ? ndRRN ¢ h@e“s%%\"’ hddveth the tRahfddrAdand tRe contaminated

ween’'those two areas is restored, but the
plenurfilagdnsuppiy dacts aipstradsn biethe reotavadifittar t@dbﬂ@jieal (Whag the new filter
parti cul ate entering,the cl eanroom

is mSt@Uﬁﬂ dRenseal] %‘?’%’5398 those ¥oALRAS WdFeré?(gpﬁﬁy%éﬁ Ipg cleanroom has
alread&h&@er} LBRtFRbldd bgoéweéndméﬁlcg%ﬂé ®riteAng the cleanroom from the

am nati on cess the entire room befo
contamigmted Iagea:lcrﬁatheordanupreaadl amply Thets. | J hatsydhg facmty owner must

perfori ar desamamiie s broca o, of BB et deioly VERAIr, loanroom

o¥9d i$8ehNEmeadHiunihg @ad cOSVBRICESE. THE
opera‘%c}\ﬁzm (]l\l OOE)\Q Enbodlurre!ngt;s of the inventio

[0007] gen§hatelf«yre| rtbeltﬁdcs a heedifay aaﬁlﬁnmtjﬁ'%\ﬁ%&nﬁﬂy having improved

inte ed danper with a linear drive mechanism In
Sea“naﬁ@pgh@ﬁ%% ment, a housing assenbly includes a housing

having an inl et and an outlet. A danper is disposed in

the housing and is positionable to regulate flow
SUMMARYQRJ ﬂﬁ&!ﬁﬁb&.@&l through the inlet. A linear drive
[0008] adaﬁ'&o%eﬁ Og?frfeblr‘x/eﬁﬂbwlg%ﬂeﬁ?ly iRBuda™PRbuSIAE dssembly having
an integrated damper with a linear drive mechanism. In one embodiment, a housing
assembly includes a housing having an inlet and an outlet. A damper is disposed in
the housing and is positionable to regulate flow entering the housing through the inlet.
A linear drive mechanism is operably coupled to the damper and is adapted to linearly
move the damper between positions that are spaced-apart from the housing and a .
position that closes the inlet. The linear drive mechanism is configured to move the
damper linearly without rotating the damper.
[0009] In another embodiment, a housing assembly includes a housing having an
inlet and outlet. A damper is disposed in the housing and is linearly movable between
positions that open and close the inlet. The damper has a non-planar shape that

extends into the inlet when the damper is in a closed position. A means is provided for



nove the danper between positions that are
spaced-apart fromthe housing and a position that
web@seeehe inlet. The |inear drive mechani smPGI/US2006/041519
configured to nove the danper linearly w thout
rotating the danper. [0009] In another enbodi ment, a
restralmogélnelgamﬁmnyr¢fﬁ’@|ﬂ§hdes a housi ng having an inl et
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[0014] act ﬂﬂd%? 'g;"gf%;”FWr 1985t % n% ﬁR%rté ‘Tﬁﬁgﬁ?w'”ea”y moving
adlsh%qﬁg@aﬁw%lsgmbﬁpow] Figure 4 is a side view of a

[0015] Flgure 4 is a side view of a bushing;

[0016] Figure 5 is a partial side view of a rack of the actuator;

[0017] Figure 6 is a side cut-away view of one embodiment of a linear damper
assembly disposed in a contamination housing assembly;

[0018] Figure 7 is another embodiment of a linear damper assembly disposed in a
housing assembly;

[0019] Figure 8 is a perspective view of one embodiment of the linear damper
assembly in an open position; and

[0020] Figure 9 is a perspective view of the linear damper assembly in a closed
position.

[0021] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is

contemplated that elements and features of one embodiment may be beneficially



[0016] Figure 5 is a partial side view of a rack of

the actuator; [0017] Figure 6 is a side cut-away Vview
wotoshseedrbodi nent of a |inear danper assenbl yPdi/spmsei519
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10241 o1 oA TP RHEING Ao DR TS ar . SRR, aBUsB 10 haying an intet

104 a‘ﬁBth td iRk Mbe. hepid MefRO4 VAR ithatdudrt SYBt ars formmehdhrough the
ther applications. [002 4% The housi ng assenbly 100

| housngganéﬁammcy allowl gases Howingsthioudn2 dusti hE0.asheWn éra phantom, to be
routed_through the housing 102. The inlet 104 is bounded by a collar 112 to facilitate

coupling the duct 110 to the housing 102. A filter element 108 is disposed in the outlet
106 and is sealingly coupled to the housing 102 in a manner that causes gases flowing
between the inlet 104 and the outlet 106 to pass through the filter element 108. The
filter element 108 may be retained in the housing 102 in any suitable manner, for
example by a clip 120 or fastener.

[0025] In the embodiment depicted in Figure 1, the housing 102 includes an internal
flange 114 that sealingly engages the filter element 108. In one embodiment, the
flange 114 includes a knife-edge 116 that sealingly engages a seal 118 coupled to the
filter element 108. The seal 118 may alternatively be coupled to the housing 102. The
seal 118 may be a fluid seal, such as a gel, a gas gasket or other material suitable for
providing a seal between the housing 102 and filter element 108. It is also
contemplated, as in diffuser applications, that the filter element 108 may be potted,
bonded, adhered or permanently coupled to the housing 102.



104 and an outlet 106. The inlet 104 and the outl et
106 are formed through the housing 102 and al | ow gases

w0 b@rosig2¢ hr ough a duct 110, shown in phant om PE€DUR®06/041519
routed through the housing 102. The inlet 104 is
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_ _ odi ment depicted in Figure 1, the housin .
mechaiisi 136l is desfignraditeemost the slirje’ T ineaih s eaen @@fiﬁose the inlet

104 engages the filter elenment 108. In one enbodi nent, the
- flange 114 includes a knife-edge 116 that sealingly
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The sea 18 may alternatively be coupled to the
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appl ications, that the filter elenent 1

otherspolnt tiset, ernbodigent temisted i Figie rﬂaﬁfé%ﬁpwagghg%éﬁ@d%@ rack 138
on B85 Lo LB BAUPEG PRI 7 beReraa. 1 s

conterhbldi&d tRAteiRNdisk8 32 Tinay doereuphesls tntihe 480 1iEneyadthyr suitable

includes a danper dish 132, a linear drive hani
fastenlrEBnm’ﬁHO(iﬁ-bﬂ'é?cl(@ﬂrqmperﬂﬁ?éd@f‘l?é@tenﬁ‘@d e@’g%& ggel ggc}h 132 and

the ra%ﬁﬁ?)goﬂ%i Bin 102 intRRIRPALELorSASSSRAY #62 1nRURRAS bgainst the flat

bsirtion _ I near drive nechanism
end 0%2% r_kaHBB%_t he h8u5| ng 102. The linear drive mechanism
is configured tQ nove the dish 132 linearly.to . .
[0028] opetn 4Rl Qfﬂ@%@'rﬁﬁﬂ’g &?ﬂ“@iedmm?'q%%z%] e OEPF ?‘n‘ﬂ&y &k PIngen gear,
[ anm
o ot il BSR4 HE B TP b ey S oupied 0o
shaft | 5neThksize vhibetpiniohagdanr 40Foay besesaied o peamidelpipredetermined

stroqu:g(@z ?;%gl %%ﬁigﬂ%%ggfq %&5\3&8 L@ﬁréﬁ%‘ﬁegr%o;ﬁﬁq%ig ratfg)lrnegégrﬁné.c In one
embodPhertOtheAshaR 12 ekicRaathrftighatherhsusag 102 such that the rotational
orientation of the pinion gear 140, and thus, the position of the rack 138 and dish 132,
may be controlled. The shaft 152 may include a key or other suitable connection with
the pinion gear 140 that insures efficient transfer of motion between the shaft 152 and
pinion gear 140. In one embodiment, the intermeshing teeth of the rack 138 and
pinion gear 140 include flat crests and trenches that prevent the dish 132 from rotating
as the rack 138 is advanced. The flat crests and trenches of the rack 138 are
ilustrated in Figure 5, with the pinion gear 140 being similarly configured. It is
contemplated that the linear drive mechanism may have other configurations that
prevent rotation of the dish 132, including, but not limited to, keyed retaining features,

tracks, multiple bearing guides, and the like.



others. In the enbodi nent depicted in Figure 1, the
actuator 138 includes a rack 138 and a gear 140. The

WO 20R/0388 i s coupled to a dish 132 by a fast eneCT/IS206/041519
It is contenpl at ed that the dish 132 may be coupled to
the rack 138 ot her suitabl e fasteni
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weldet naveted ofrlfaﬁtenefém thedhousingBBes that prevent the dish
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164 Idddté’&tdcﬁ’éc%ht@ petigieter 966 veft thet dishpi 32 onTlg;eaeamiﬂg) section 164 is
being simlarly configured. It is contenplated t
adaptedléoleng@@e toei h@lﬁmﬁgﬂ@]ﬁ/%ﬂh%ﬁ@)@r& el @ manner "that facilitates
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conteMiptated ghafl the 9@@4 H1Q erayabé weuplegetor ’dsiel eollapeldi2 agthe frpesing 102
and caGaHEHAA SPHBAUE RO Bl SsBdiend 'y e TaHEH 8F the dish 132
providdd bl ©fe 7568188 MaEHnidMeg&hsTud akcassed BBols] fevthts shearing of
the seal as the dish 132 and lip 170 engage, thereby extending the life and
performance of the seal. It is contemplated that the dish 132 may rotate when spaced
from the closed position, as long as the linear drive mechanism 136 does not cause
the dish 132 to rotate while sealing the inlet 104.

[0032] Figure 2 depicts a partial sectional view of the housing 102 illustrating the
shaft 152 exfending through the housing 102. To prevent leakage from the housing
assembly 100 around the shaft 152, a bushing 202 is sealably fastened around a hole
204 formed through the housing 102 to facilitate passage of the shaft 152. The
bushing 202 may be sealed to the housing 102 by any suitable method. In the
embodiment depicted in Figure 2, the bushing 202 is continuously welded to the

housing 102.



[0030] In the enbodi nent depicted in Figure 1, the
bracket 144 includes a rack support 146 having two
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nounted in the tabs 148 in a spaced apart relation to
enhance contro] of t i.ent ation of
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rough t he housi
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enharfii)15881 @fiforhittyCAHY baMSwSANceieMidpovar, BB ghe dish 132 is maintained
centered relative to the flow entering (or exiting) the housing 102 through the inlet 104,
the flow orifice defined between the dish 132 and lip 172 is uniform, thus, promoting
flow uniformity through the filter element 108. The dish 132 is illustratively shown in a
position closing and spaced from the inlet 104 in Figures 8-9. The spacing of the dish
132 from the lip 172 may be selected to provide a desired air flow rate through the filter
element 108.

[0037] Figure 6 is a sectional view of one embodiment of a contamination housing
assembly 600. A contamination housing assembly that may be adapted to benefit from
the invention is available from Camfil Farr, Inc., located in Riverdale, New Jersey.

[0038] In one embodiment, the housing assembly 600 includes a housing 602
having an inlet 604, an outlet 606 and at least one access port 608. The inlet 604 and
outlet 606 are formed through the housing 602 and arrange to direct gases flowing
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housi ng 102.[0033] A bearing 206 is press-fit into the
bushi ng 202 and engages the shaft 152 to facilitate

WO 010answee A seal 208 is disposed in one end OPCT/H82006/041519
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outSId{Saghé glgg(selﬁgr 3z [ghfu &b 'nce:;ﬁggpp@%ﬁ %6?”%?’0 é@&%‘i’ng 602 is a

hollow} f&gtdr éfﬁfar Ky gattsepqrdrﬁrcmqﬂmhowwwa&%d ] @ects

extending fr de of the housing 102, it
[0040] conTl herphammdgtﬁaz adrhtumallvexrfcgme@r gealgw ,ﬂ@pggeGM that sealmgly

ocochS 2. St 15, A0 530 T SheBn 0 ke
mechgr‘nSMrG?O $s brovibediiAnge I%Lﬁélﬁ 60|Zean?d13é tcoihﬁ@uwdow madve the filter

pinion gear 140 is supported by a second beari
eleme31®$16mwsemﬂmobl§an|S$@|IB@¥ angaged yatethe fanos §64ﬁ5‘% a position

o G458 5, B3, 5B SH SRR Y o, T8 550y sbove,

dispodetl B&ehithB fillehelsthent 6 hand fasgd 664|tu¢ir§'verdtfmehtomobypassmg
rotate the pinion gear 140. The rotating pinion gear
thefllmel%mﬁrﬁﬂ the rack 138, thereby linearly noving the

[0041]2'ug %‘?CQAEJS%E 60RLILQ r\?éuFé?:etod a?:lﬂlt rén%?val of the filter element

Ppendi tu to t ane o
616 f@h@lﬂh@%odgfngn@@ ladt |b&sela§dt5¥elﬂﬁaled Huey 3eworﬁm The access port

608 |aﬁa};&£r%§8%§] ek M @H%{gp\ggs g‘?alﬁ%gp F%gf @néqpsé%glihe interior
of the tf) d%g{g‘%ﬁd/BfP%rﬁS\?%%hs%blﬁg %Hé’ﬁltér‘bléﬁ%nft 6w, entering

Ing ousi ng rough the inlet 104 :
[0042]t he Atlleastand ene addhé cedtaminakemhousingi Gl neRidesH iln@ar damper

assersbi ol TR Mok SngBl e 458" Th' G50 bka above. 1n the
onb R EEBUE P g s cpmronns o 1
of theddarhper assembly 130 on the exterior of the housing 602. The external actuator
690 may be any device or object suitable for controlling the rotation of the shaft 152. In
one embodiment, the external actuator 690 is a wheel. It is contemplated that the
external actuator 690 may alternatively be a motor, pneumatic cylinder, hydraulic
cylinder or a lever, among others.

[0043] Figure 7 depicts one embodiment of a housing assembly 700 having a
damper assembly41 30. The housing 700 may be configured with or without an access
port 608. The housing assembly 700 may be utilized as a stand-alone damper (shutoff
and/or flow control), or as an access port in a containment system, among others. The
damper assembly 130 may be operated as described with reference to the

embodiments above to control flow through the housing assembly 700.



132 fromthe lip 172 may be selected to provide a
desired air flowrate through the filter el enent 108.

WO 0®3/8306B¢ gure 6 is a sectional view of one enPOHUS®NGE041519
of a contam nati on housi ng assenbly 600. A

nt am nation housing assenbly that may be adapted to
LIFE @éﬁbﬁTE$TWﬁt he invention is available from Canfil

[o0a4] Far b, hbﬂﬁ%lg d|a§§é%tn%ﬂ/ 'Havﬁlgje.%d%t% aﬁ@éﬁ" Wé?eﬂan{ﬁg??’ﬁ]ssembly as

one € sing a senb y 600 includes a
desorlbedl%lbngeﬁﬁb% featechtp detdrmires if 60w, sigmificant] @tadessaminaunt of wear

o o B FECERREBLE BOR The LT, B0 S0 Sk e
steel) daﬁﬁcﬁ‘ Q@ﬁgﬁg@c‘a r&tﬁ P19 AheuhPesiviEarcOAl obedr in the bronze

ccess 'S con Igured to permt access to the
bushmgﬂu&recbﬁo aifppohitheoask agddbe dafmper skafipl e, for filter
change-out, scanning a filter disposed in an

' ntly coupl ed housing, and the like. [0039] The
TEST%%%@ﬁﬁg 602 may be fabricated froma netal, such as

[0045] al UM poeshigit byl orevvide auqmlta;emegt deusingr was haedgigd: tﬁbaécept the

oo e SESAPE T S GALAAN, SRsb Bl woteod o 12

dlametté’leétﬁinlfﬁs%usﬂﬁeladlgh am ﬁ@dldrﬁrﬁmﬁme%ﬂsﬁlimetd’mdw@aﬂ@t was cut by
he enbodi nent depicted in

hand uaugm@rmiata sRAVhoas mcr%tmathgmoéhonb@fjwq alb@nm.%{tOéahe dish. The
gacheh 8 s S e B BE R RRARL O o skt i

the cHdndkl. SERE isdgby of Hgas §n@e gahkarwaieemmeafacsmmmma, in order
I n the housing asse 0. A linkage mechani sm 620

to tesf @eme@bwdédmnnnwmeadiwm@ bedishd i s configured to
[0046]gg;ﬁ'lh%h$§)jné%; gﬁtuglltcﬁnf\ﬁﬁjtd%é% :ﬂgﬁ@:&%rqﬂéﬁ tdlé’rﬂeter stainless steel

shaft Witﬁa(bywéyt\hﬁlcﬁhgtygﬂcéi@/éhseel @read)nvermbnahﬂmrblade Idamneas A pinion
seal 170 described above, |s,d

gear wa$ fattricafechEam en% a4Ader m&héawk%z?"t%a'ﬁ? ?e'f | ﬁweﬁrg;ﬁﬁf pieces

were Q%%?éédggtésd%f E?Elﬁ th&! ﬁ/‘i‘fﬁ%eqj yWay Qe Jﬁtﬁm@d‘&ﬁﬁoge‘cher to

con ured to fac r nmoval
form alshrhgle @armmut Gﬁfeef quantemmchdhmkngTB@Zaalndvas manufactured from

2omes eesatet e SRS e Ea e o PSR e anc v
held |Ht blabé%d Qllﬁggln{gﬂgqﬁi@?@% Tgééf ng%@ﬁea%stﬂ&bﬁé&épf A bronze
bushmg was also lnstalled in a support member to hold and align the damper shaft and
assure proper meshing of the gear teeth with the rack.

[0047] A lip extending from a 12 inch (304.8 mm) diameter, 304 stainless steel
collar circumscribing the inlet was used to form that knife-edge circumscribing the inlet.
The collar was continuously welded to a piece of 11 gauge 304 stainless steel that
was continuously welded to the upstream flange of the housing.

[0048] As an actuator coupled to the damper assembly rotated to turn the pinion
gear, the rack is advanced linearly toward the inlet. The rack pushes the stainless
steel dish toward the knife-edge mounted in the endplate of the housing. The silicone
gasket around the perimeter of the dish sealed against the knife-edge. In one
embodiment, the flat form of the teeth of the rack, engaged with the flat form of the

teeth of the shaft substantially prevents rotation of the shaft.

9 .



[0042] At |east one end of the contam nation housing

600 includes a linear danper assenbly 130. The |i near
waelampesocassenbl y 130 is as described above. | nP€TES2006/041519

enbodi nent depicted in Figure 6, an external actuator

690 is coupled to the sh 152 of the danper assenbl
TEST EQUIBMENE &W%TRUN%NT{‘\&L‘SNOUQ ng 602. The external Y

E'O@ﬁfﬁr §§§0 Q%lgf%"g%thé‘%?ﬁmﬂr@%f“lEaglni ror
7ea,?<a'°31t1

ctuator 690 is a wheel. It
i%s %6?‘1@‘ he external actuatqr 690 nmay
o Blanktaif Riate \V\eﬂwB@iéValVﬁﬁr& statie BIRRSUIR C@W@‘%@é‘r

o OMPMONdTimer: cyl i nder or a | ever, anong others. [0043]
R oviodeF HERR-F830me enbodi ment of a housi ng assenbly

o &QPF'@(\’T% Wér asserr‘ﬁly 130. The housing 700 may
wth or without an access port 608. The
- GaRpYapHydBRy ) 7 4

00 may be utilized as a stand-al one
TESTS‘S{E?&E toff and/or flow control), or as an access

ont ai nnent syst em anon ot h
[0049] ass&hbldampy wag blbl@bl@p’@%m%t!‘ accaidgeee Wit M%g& CFv-10003,

r ef ren r fid
Rovsbf Shen by AR EORBIBROR el ming.  The
contalhﬁ%‘ﬂ]hoﬁsh@iwmgln@é@@tﬁd Mah@er vgaspldcetegn & edrtl amear blank—off
anper assenbly as descri bed above was

plate i G i andrafatig QFﬁSSUE%ﬂPrtoWa%I@V@PQ%é Soimopapsipgnd of the

B e

the da$m%H Wias Bemg%uh@ré‘d&m@j gnmme lofifevedige. Wi hé pozssure was measured
bronze bushi n t

with aiShjse BRRPMITETSEPUReron ASE R IR DIRSSH  JSBIB refireen the

press r?z{étéjg'}sggg%terﬁplé%agpﬁ@rﬁ P&l dulr ngd Seaﬁc&ﬂ@l‘ioﬁ Reas sprayed on the

I'néar damper 'asse e | ntegrated
interfatenipetiveansthebknifesedde nadthe bt rmgaaed dhe siligonpegasket that it was

sealingeagaingt. DSy HEPRESAES Here ApnaL et VA RELoR S AT 88 to ensure
o IR O LAERBRRRBIR) |0 hof The SeRict 1o
[0050]hol tﬂaetrimalg,asbebblertlghhedaihaeﬁselare Thebiedesk destere at >+10” water
gauge W. g% Zg&.? kE’ ﬁ%onmoet cu%c?uadws ancgs tﬂgy Cal?gr}gauwed tb Bedcﬁrbble-tlght
at >+15” w.g. (3.74 kPa). During this test, the linear damper was tested at >+18" w.g.
(4.48 kPa).

[0051] After the initial bubble-test power and compressed air were supplied to the

actuator, and the damper was cycled between open and closed positions. Bubble-
tests were conducted after more than 5,000, 10,000 and 15,000 cycles using the
method described above. Visual observations were conducted throughout the entire
test to determine the effect of rapid repeated cycling on the durability of the seal and

actuation mechanism.
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[0053]

[0054]

to test

t he seal
[ 0046] The danper actuator
w0 p@h/oslicaéret er st ai nl ess st eel
is typically used on conventi onal

wi th m ni rum adhesi on to the dish.
i ncluded a three quarter
shaft w th keywegT/Ustwoem1519

flat bl ade danpers.

A pinion gear was fabricated fromone quarter inch -

t hick 304 stainless steel.

Three gear

pl eces were

RESULd3cked on top of each other with the keyways ali gned

Tais Gveled Bt

[0052] andTnelremdtstmfgeemclettesfsearma@f@llch\gSe gear about three
|ck‘ The rack was manufactured from
t§ta| nl ess steel shaft.

The rack

travels in a Ilnear fashi on and was held in place and

GREVeUP

6P

T

P! Pﬂfs@nﬁ@z

DUS

I ng wa
hoId and

PasdIbRg

$ al in
align the

s coupl eClofmPnémie br acket).
stalled in a support

danper shaft and assure

pft OB

A |l I'p ext
304 stain
was used

|n|o+

)T[
3nd?

(AU
3%%?%*

e T
im aﬁgggi n
collar cij
at kni fe-

getnh W T
ch (304.

edge circunscribing t he

|ﬁéleréd§1’anet [0047]

er,
rcunscrlblng the inl et

of 5§815

wel ded to

toward t hé
di sh t owal
t he housi I

The
e

gaug

As an act uf’iggﬁjg

to turn the pinion

S
t r

odb
b inlet. T

ng. The si

d the knif

LSS

eam f | ang
lled to the
gear, the
he rack p

lli cone ga

e%erv'mm“ﬁﬁ

ushedndieetion af meesanisiee
e- edge npunted i n wWearendpl ate o
sket around the perinete)

PR s"éd’t‘h‘éo

q\&“@ﬂﬁ]

OB

§e¢§h%.6wa

off0[789 di §
enmbodi nent
engaged w
subst anti 4
EQUI PMENT
Pneumati c
ESOC350. U24

Bl anl '\FF

f\i-r\

Cc;ﬁl'&qfl on

(4.48 kPa)

sh>sigilved. agaPass t
, the flat
th.4sh&Pl)at formo
l |y prever
& | NSTRUME
Actuator Wi
\OSB 27K0 g

r I %d(lgﬂ

f or m of

ts rotat
NTATI ON
th spri
Seri al

heDrnifes veaipleft dlosashihe
[t helidopetdnskbt, the stilhaf t

ng return
No. :

E asg M;(VJI? Eﬂ

pravideehightf Indeatatimrkin

s2kqtthe bebafd-tiditést.
TRAiEAtiGY Bf %chﬁﬁlsm

R’16%48020

[k AbESSFHE
pré\iious nlgh_gﬁwuc}‘entatlon in
silicone gasket, but still
passed the bubble-tight test.
No indication of mechanism
wear.

it

22221
afm

for each test conducted.

higher pressures.

The test was terminated after 15,260 cycles without failure to

evidence of gear wear.

dampers and dish-style dampers.

mechanism wear, degradation or failure was apparent.

11

As shown in Table 1, the damper was bubble-tight at >+18” w.g. (4.48 kPa)
It is believed that the damper would remain bubble-tight at

facilitate use of the lab for other projects. Upon visual observation and inspection of

the mechanism for damper actuation after conclusion of the test, no evidence of

The tested damper assembly compares favorably to conventional flat-blade
The extended life is believed attributable to the

design and construction of the damper assembly, which utilizes linear motion that has

There also was no visual



Dwyer Fl ex- Tube Manoneter: Gast Vacuum Punp TEST
PROCEDURE [ 0049] The danper was bubble-tested in
waecasnswsece wi th CFW 1000 CFW 10003, Revi si on BCT/US2006/041519
Pressure Decay/ Structural Capabili ty/ Bubbl e Leak
Testing. The contai nnent housi ng
reducel MsBING S | Ak §TERS éogzmreiﬁe Y %tf%bpaé%? 3\?'3&98"&[ tipe linear
a C br e§uibdd aehglsé dhe damper,
mono'?ﬂéerldogrg%\s?%teeeg%%@bbt ﬁgl gt?%cgﬂvar W?ﬁat al so ger ves P
theretyaminiaizing dctuattyeosEhi s space was pressurized such
that the danper was bei ng pushed away fromthe
kni fe-edge. The pressure was nmeasured with a U-tube
CONCTSiBRS§" that provided a differential pressure
readlng bet ween the pressurized space and atnmospher
[0055] pr e§: bardamﬁ!erawas qravento waraip bubelg-tight el e+ 1 ew 9a&‘é48 kPa) at

more RS SR e o e S rouromns
(bubbl2EdtCAE AND” WRIgS mw@@daﬁ_@f 1@, (DIN I@dlsssf) 5Tfheﬂm<blﬁ35tness and

to ensure bubble- tness (i
durabiityndf tha)meChPO@m)]ar@éﬁéBﬁM (72 b@‘iﬁ‘b‘@leeﬂqtrtéﬁ@e Wrsam gdish-style

oo AU R B9 550 Srnt i (SoB e

[0056]bUbWItﬁoUQIﬁ!Warﬁiu?’eltﬁboMnte{ 3whiéh kiﬁ@brpdﬁate rtget teéachings of the

test, the |linear danper was teswjg at >+ 3%9(% ﬁ% h
preserpyeni@nbaye Reershoyn ang despribgibi dete erek% figlled in the

r p L i} & ate these

art o TR B P SR ko R Bl A ol Tt
teachfdgbbl et ests were conducted after nore than 5, 000,

10, 000 and 15, 000 cycles using the nmethod descri bed

above. Visual observations were conducted throughout

the entire test to determne the effect of rapid

repeated cycling on the durability of the seal and

actuati on nechani sm RESULTS [ 0052] The results of the

cycle tests are as follows: Table 1: Cycle Test
Results

12



[0053] As shown in Table 1, the danper was
bubbl e-ti ght at >+18" w.g. (4.48 kPa) for each test
w@oenwdosteedl. 1t is believed that the danper wouPdI/U82086/041519

bubbl e-ti ght at hi gher pressures. The test was
term nated after 15,260 cycles without failure to

What isH3IMe8e use of the lab for other projects. Upon
vi sual observation and inspection of the nechanismfor

1. RABESing GlsHainb®)) cafipisirgencl usi on of the test, no
evidenceé of nechani sm wear, degradation or failure was
appeusing havingran ialed @ndea Adtleli sual evi dence of gear

S 5l T BRGSO cotered
respedlité Bhéntéte adanpers. The extended life is believed

attributable to the design %n constrﬁ]cti n_of ﬁ{.he v between
daripear addeningchasin adapigd, & MoNga MYee't fgpany be
" [ irfe R &0 rotating
p““‘“@%ﬁhé@‘ﬁﬁ? ggég‘r&%tt e%l?ﬁg’gpé%ﬁh andq{aﬁgp use of
gearing reduces the power required to close the

danper, thereb i ni Mi.zi ng act uat,or .cost \ ;
2. [obpusing assieh S oveRct PEnds TRRt D Vgpnical.

>+18" w.g. (4.48 kPa) at nore than 15,000 cycl es,

which is 50 percent greater than the industry

3. rﬁmjhoeﬂngmsembmfecgaihgHltfuﬁlﬂermnpﬂi@iggi (2.50 kPa)
after 10,000 .cycl es). ...Th stness and durability of
t%ﬁ'?%%‘ﬁ%”gm%f’ée‘ﬂlbgﬁ ﬁ?dsﬁ%ﬁ{bot h the flat-bl ade
danper and di sh-styl e danper designs, as proven by the
| ack of wear even after nore than 15 00Q

| es. _
4. [Dusbpusingiasssmbluel smehv¥erTREtS HRHIRG 15,8blasst qn of a fitter
housirigﬂga é@@%ﬁl@%@)nﬁodﬂt‘@pf 5§36 d-hidheHdRPeave been shown

hereln, those skilled in the
art can readily devise many ot her varied enbodi nent
that still incorporate these teachi ngs. Wat is ¢l ained
5. i Bhe DOURNAGSPRMASCERBN . WESHIAEP Heabtnts, Eiagenisn o o least
one ol?aé’ic%% al JdofsBl RAhEN PYhksE acufGTRE podies RRFEW, BNsolenoid, an
t he housing 1 n an orientation t hat_ remai ns centered
electriei rhbtor ez paetimiatic thkindar| athydeaidic cylinder or a gear.

6. The housing assembly of claim 1 further comprising:
a seal interfacing the damper and the housing to providing a bubble-tight seal of

the inlet when the damper is in the closed position.

7. The housing assembly of claim 1 further comprising:
a seal coupled to a perimeter of the damper and adapted to sealingly engage
the housing to providing a bubble-tight seal of the inlet when the damper is in the

closed position.

8. The housing assembly of claim 1, wherein the seal further comprise:

at least one of a gasket, fluid seal or a bladder.
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a linear drive nmechani sm adapted to nove the danper
linearly between positions that open and cl ose the

WO pdogososeé hout rotating the danper. 2. The houBCTYS2006/041519
assenbly of claiml, vvher ein the danper is

substantially conic 3. ,The hausi ng. as
9. dhg hpgsq1gr@¥§@rmkg qlglrrhé }e@npﬁbpq éarsgecﬁﬁ) 58 ggrélam further
comp vﬁwéet he housing. 4. The housing assenbly of cl al mi1,

rein the housing is at |least one of a filte
et goupladoter thei dempenengagechyitbra ée@u@wﬁlaémm\éents rotation of

the dap e b ROk PR TR RetBh " e of & cam a

scissor actuator, a linear actuator, a power screw, a
sol enoi d, an el ectric notor, a pneunatic cylinder, a
10. Wboaamgca&s@mbmeqorwrlsm;ear 6. The housing assenbly

of , ¢l cm ideng: a seal interfacing the
O%HB@‘Q#%’ ['ﬁ’{eérﬂgtsﬁ ng oﬁsép’r ovi di ng a bubbl e-ti ght
seabnertdigpddticein theerousieg dadpiesarly novakie betweant positions that
position. 7. The housi n asserrbl éEOf cl ai m 1 furt

open gaehﬁlqsg W@ inletsthe d@r@g@ having &, ngpmiaparshape fthﬁL exfeends into the
inlet \Aﬁ'\%ﬁqﬂ% &qe%%&lﬁsﬁt Bbélﬂlh}’ar‘%gage the housing to

|ngabubblet| seal of the inlet when the
daepas forsreistrainirey ﬁ“leod;m'dpproﬁﬂ)ml rotating. The housi ng
assenbly of claiml1, wherein the seal further
conprise: at |east one of a gasket, fluid seal or a

?Lﬁ@'qﬁfus% g 5488eMBHSONBIaRASRITDNNeRin ehaimedns fheresitmining further

I'i'near® drive mechani smfurther conprises: a shaft
comprsespl ed to the danper engaged with a feature that

tat h
n%%\égtn%(%\tgpq %ﬂgg{}dg{f’r& hgﬂgﬂﬁo H@ﬁﬂogs?‘nghgé%gb r&latlve to the
hous,ﬁ@l’g}{d sing: a housing having an inlet and outI et; a

danper di sposed in the housing and, |ine ﬁl d
besesend fosiurs ded imariemgbian ARBIES 427 BTG WRSiay the secon

foature2 BRGAES At YRBuRb AL AARRr LAl [RfRRdfnddH frdtioR without

rotation.

12.  The housing assembly of claim 10, wherein the means for restraining further
comprises:
mating threaded members having truncated crests and valleys.

13.  The housing assembly of claim 10, wherein the means for restraining further
comprises:
a shaft coupled to the damper, the shaft having a non-circular cross section; and
a bearing or guide circumscribing the shaft, the bearing or guide having a shaft

accepting aperture mating the shape of the shaft.

14. A housing assembly, comprising:
a housing having an inlet port, an outlet port and a bag in/bag out filter access

port;
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inl et when the danper is in the closed position; and
means for restraining the danper fromrotating. 11.

wab@7iosnesé ng assenbly of claim 10, wherein theP@EEAR06/041519
for restraining further conprises: a first feature

d to,the housin fixed.j i i . .
o e i, Pt ) e DB e, e oot
mech iéﬁnbéﬁﬂiétﬁeae{oaﬂgﬁéé% iqasbEeficlAngebetwaer ehe ihiee HRC@et ports

eat ure engages t iTst feature in a manner that
throughea fittersinstatiedin e housiagt hout rotation. 12. The

housi,ng_ assenfpl of, cl ai . in.t 0 "
adistatafRer o o nblenthahd ol e Fidlbebnbasitons that

open AAYtR8elthaingat gertcrests and val l eys. 13. The housing
assen‘ol(xdof claim 10, wherein the ans f?r

raseeendtiagpeidisrasesoinghe ioysing ane movahle bslveen pagitions that
open gﬁ%g@ggetﬁgglqgggééﬁhavi ng a non-circular cross section;

ari gui de circunscribing the shaft, the
b@méoﬁ@niﬁm gilr']iépiﬁehamitng rousmaf andicoefiguned tapaovertiee first damper
mati ng the shape of the shaft. 14. A housi,. nbl .
DetwegaribP aRaigang R RGSHRU AUNAH! [oiplh S8 (TetarageT ierein the
: | iddt sotibh | ter
o gy Rl MORE ok e pioRar b

filter receiving nmechanismconfigured to direct gases
flow ng between the_inlet and outlet ports.through. .
15, 154 BOSRG EAePBIY i ¢RI 14oBNR@ 1§ BRsE i Hiftdfidly conical.
di sposed in the housing and novabl e between positions
that open and close the inlet port; a second danper
16. dTkebeusingrassemiiy of ickjmatdl Witsrghl Brepeagbanispdis af least one of a

cam, gg%ltssg g&ugpodr, 8'!1?1%& 'égﬁja?&f g%tom%?rstc'rew, a solenoid, an electric motor,

a pneumatic cylinder, a hydraulic cylinder or a gear.

17.  The housing assembly of claim 14 further comprising:
a seal interfacing the first damper and the housing to providing a bubble-tight
seal of the inlet when the first damper is in the closed position.

18.  The housing assembly of claim 14 further comprising:
a seal coupled to a perimeter of the first damper and adapted to sealingly
engage the housing to providing a bubble-tight seal of the inlet when the first damper is

in the closed position.

19.  The housing assembly of claim 18, wherein the seal further comprise:

at least one of a gasket, fluid seal or a bladder.
20. The housing assembly of claim 14, wherein the mechanism further comprises:

a shaft coupled to the damper engaged with a feature that prevents rotation of

the damper when the shaft is moved in a linear direction.
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a mechani sm di sposed in the housing and configured to

nove the first danper between the open and cl osed
wQ@oa7oswee W t hout rotating the first danper, PMIEUS2006/041519

the first danper is spaced apart fromthe housi ng when

21, BoeSPEBRE S 0T BOLEhRRGERRE R o lgragenape

exten&@rnha_ Bife MRSIHKh ﬁ‘r%stﬁ'gp&é(m%r @&l iaithe tbsedirrsition. t he

anismis at |least one of a cam a scissor
actuator, a linear actuator, a power screw, a
sol enoid, an electric notor, a pneumatic cylinder, a
hydraulic cylinder or a gear. 17. The housi ng assenbly
of claim 14 further conprising: a seal interfacing the
first danper and the housing to providing a
bubbl e-ti ght seal of the inlet when the first danper
is in the closed position. 18. The housi ng assenbly of
claim14 further conprising: a seal coupled to a
perimeter of the first danper and adapted to sealingly
engage the housing to providing a bubble-tight seal of
the inlet when the first danper is in the cl osed
posi tion. 19. The housi ng assenbly of claim 18,
wherein the seal further conprise: at |east one of a
gasket, fluid seal or a bladder. 20. The housi ng
assenbly of claim 14, wherein the nechanism further
conprises: a shaft coupled to the danper engaged with
a feature that prevents rotation of the danper when
the shaft is noved in a linear direction.2 1. The
housi ng assenbly of claim 14, the first danper has a
non- pl anar shape that extends into the inlet when the
first danper is in the closed position.
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