LI NEAR DRI VE FOR | NTEGRATED DAMPER [ 00n] Thi s application clains
benefit fromUnited States Provisional Patent Application Serial No.
60/ 729, 644, filed Cctober 24, 2005, which is incorporated by
reference in its entirety. BACKGROUND OF THE | NVENTION Field of the

I nvention [0002] The present invention generally relates to a housing
assenbly having an integrated danper, and nore specifically, a
housi ng assenbly for an air filter having an integrated danper with a
Linear drivd INFARDRIVEPFORINTEGRATED DAMPER

[ 0003] Cl eanroons are utilrzed in many 1 ndustries for contam nation
control and to inprove product yields. A plurality of filters,
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activities perfornmed in the cleanroom As particulates |oad the
filtrati ceferapded & epgedtd 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.,r [.Q0Q pplications, replacenent of
filters é&%@@g&ﬁ a,éhq@mr processes perforned within the
cl eanroom For exanple, in many pharnaceutical and biotech
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are comminégratgslethmperpyitly adioeandriygl megianisat i ons for cl eani ng supply
air to cleanroom manufacturing and process areas, as well as to

| abor at o . hoods are supplied w th adjustable
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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 spegcifications. 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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100061Because these types of danpers do not provide a seal (i.e., are
not | eak-free or bubble-tight), they are inadequate when it cones to
decont am nati on processes that require conplete isolation of the

cl eanroom For exanple, during routine testing and validation of
filters installed in a pharmaceutical facility, one_or nore fil t.ﬁrs
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di spose ousing and is configured to direct gases flow ng
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enbod ne;?cgsit%n F o8l (JAMMET 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 cosed position. A means is provided for



assenbly disposed in a filter housing asse ; [ [
partial sectional view of the housi ng asseg: z 01[ OlgiISLrF:agli're 2 ls @
Nol enFigure 3 is a top view of a portion of an actuator adépted for
linearly noving a dish of the danper assenbly; [0015]Figure 4 is a
side view of a bushing; [0016]Figure 5 is a partial side view of a
;ﬁggd?%ﬁn@g@mw\i@tdﬂmwﬁmmr@wgmge 6 is a side cut-away view of one
housingﬂﬁggenb ah? 6r§r%g8 %SS?@Bg% Sgg%ﬁ gﬁdésﬁﬂﬁﬁ@ﬂbﬁﬁtéwﬂumﬂ
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under st enti cal reference nuner

FOSSI bl ¢&5 mbualnieshe@naere ppeitans it OBEBARAL qq@[aevlg‘eg amgﬁglg%r\ﬂ?ﬁéﬁper is
ehgg&?ﬁ@ﬁp (fl[lla}gs,OS% n%‘eﬁgf You ihqt DAL iehRVBPleSh@deh aRisitions that open and close

the outlet port. A mechanism IS provided in the housing that is configured to move the
first damper between the open and closed positions without rotating the first damper,

wherein the first damper is spaced apart from the housing when in the open position.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The teachings of the present invention can be readily understood by

considering the following detailed description in conjunction with the accompanying

drawings, in which:

[0012] Figure 1 is a cross-sectional view of one embodiment of a linear damper
assembly disposed in a filter housing assembly;

[0013] Figure 2 is a partial sectional view of the housing assembly of Figure 1;

[0014] Figure 3 is a top view of a portion of an actuator adapted for linearly moving
a dish of the damper assembly;

[0015] Figure 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



i ncorporated in other enbodi nents without further recitation. [con]lt
is to be noted, however, that the appended drawings illustrate only
exenpl ary enbodi nents of this invention and are therefore not to be
considered limting of its scope, for the invention my adnmt to
other equally effective enbodi ments. DETAI LED DESCRI PTI ON SELECTED
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Y [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.




actuator suitable for causing the dish 132 to nove linearly w thout

rotation. For exanple, linear drive nechanism 136 nmay be a power
screw, solenoid, electric notor, pneunmatic cylinder, hydraulic
cylinder or cam scissor actuator, linear actuator anong others. In

t he enbodi nent depicted in Figure 1, the linear drive nmechani sm 136
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[ 0034] The shaft 152 includes term nal end 250 di sposed outside the
housi ng assenbly 100. The term nal end 250 generally includes a drive
feature 252 that facilitates inducing rotational notion to the shaft
152. In one enbodinent, the drive feature 252 is a flat fornmed in the
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coupl ed ﬂ%gi"ﬁfo ”r%ﬁlu ﬁ/k%@d[dﬁo‘gg] %L Jﬂ}gﬁ)ﬁg? n-gh%gowrrg@% ° e
fabri cat gﬂ)vfdegnﬂ;yatﬁwﬁaak 13{8Lmﬁdham;]cm geam4 discessiedaaizbvet ﬁf@ﬂe@&%s@%@g of
or other suitabl'e materi a The us 0

forms a Bresedr @sbi i45h bEZweoH Bﬁs@gﬁ%\%ﬁg Toetebyy rt%ﬁg'hb fhe! I and

envi r onmpg r%%] edf thE8ehR0US igNEridAplatat mbetr@muemnsﬁnna;dgnm\wen ppaced
Figure 6, 't

from confmmtb@sdagssflwgpggggmrgsa&)rgﬁ%%ﬁg ﬂﬁ%r%ﬁ&%ﬁég@%@%’ ‘@g 4684 68 cause

addi tional I v J n6hudes &8ahid Salih O ub4t hat seal i ngly
[0032] Figure 2 depicts a partial sectional view of the housing 102 illustrating the
shaft 152 extending 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 fo facilitate passage of the shaft 152. The
bushing 202 may be sealed fo the housing 102 by any suitable method. [n the
embodiment depicted in Figure 2, the bushing 202 is continuously welded to the

housing 102.



engages a filter element 616 di sposed in the housing 'assenbly 600. A
| i nkage mechani sm 620 is provided in the housing 602 and is
configured to nove the filter elenent 616 between a position
sealingly engaged with the flange 614 and a position clear of the

fl ange 614. A seal, not shown, |like the s 170 descri bed
di sposegbobait weénbedring 208 é?rpféﬁ%ﬂ’e’ﬁio Beeus mgfg%@%ffaqagq? %‘%es\%éﬁ 152%

Lo AT, ek s Slamal b0 Hipacertgmets

at’e rem) lter elenment 616 f
t he housdarggé0atweseh e rmmm Esmayd élmBl@th 5§2a Theoreab 298 n‘l%b%léeé%ﬁngx

t 608
0111 20610 58l 68 U areLrs oD PRHRGthbRTof BRI BhIE bt 4fs around
repl ace fdigndi rhszeén@ltrﬁgg trfeuﬁsol Ie[ZO@tﬂﬁl}hfﬁhcbmg;'l@ﬁ]e end of the
contam nation housin iincludes a.linea er
| i near @Wafler é@“@eﬁbg@' ey |n<§uc§*§ sté beéﬁfgrggn@w?%cfhe é%%é@?%ytgmg
depi ct e%fg%ﬁyg%@ 6Th@ReGNih SN @ﬁdj mt g@ﬁé}él;ﬁ%idcﬁesceu@h\eﬂﬁemunehé& that
shaft 1 he danper assenbl on the exterior of t{] ?u%n ve
602. Théa@htiamsnadiucang ma@bonﬁwog@yf%@%ﬂwfﬁéﬁzcé”d?”eoﬁf'@@ PaTte i) &
or CONtL Al A 1SS ab Pkl M LibiSs BPffe s 53, NORRS SiBD dmeatfeatlifes

ext er nal'® IS contenplated that the
ext er nalingagdaIBLOBreAAE: Imaifecaiol Bex heades kyutied auriaseo key yrvsnaipiscand the like.

cyl i nder hydr aulic cylind | ev e T
depi cts BOUSHIHEFEN a‘&ﬂﬁ&%@t&?ﬁ?@””ﬁ’é‘%ﬁ@H@%ﬁg{r&a%.a%é’k g%g&@g?w@z
assenbl yg 130cmbiR-MonsitAE dA08 feayrabesT amlyi lpuaemsaibtehfrom rsrretcnmmogarions
access port 60 The housi ng ass may be utilized as a

st and- alabinbaﬂémrhe(@lﬁlﬁt'@fq@ %HB?BPU?'H%\R/B ontrol), or as an access
port i “ 312 Y568 AADIG ighdrasri offihe shartEs2 ammeyhasmon
as

may be per scribBed with reference_to the

to cont rgﬂarﬂlﬁiaws stppartdd bhe 186084 hgawrgs bl v h?@@wn‘grbﬁéf‘@@/mé@% §?P?\?‘é‘
[ 0044] A hou | i d € asmnein gasEe fizyyb
as descr'Fl?e%‘ g%g X ri/geﬂﬁpﬁdﬁ}%o'%glétsgﬁ)ﬁaﬁgqﬁf 14:E?'r%r}%'}lrogn|f|c:?rg\]t Orﬁ’@iy °
adver se @ammaitb tiod beeatg M6 occur between the fabricated pinion gear

Sl ani 1 cE) or averS e Rab s P Yogats fidiie §Rbmep goar 140
bushi ngsmésr%ﬁaﬁr@ %waééart’ﬂﬂ) s@ndncanthd rea:kquenembaﬂmearrfsms@nbp dish
[ 0045] A one-hi gh one-w de Coﬁﬁal nme

h
accept tHe.iAsdhe éfﬂ‘é’flp"! phikgr digh fgé s éggt%tﬁﬁféﬁ’l n Bemﬁf‘él@ ?ﬁ .Faﬂe of the
assenbl Yol aghedt 37 indl IRl 4 é‘éél'ﬁ@surﬁfo@m I émgﬁgeséthmqm {78 thereby

dur orret eP° 2119 cone sponge gasket was cut hand usj| ng | ate. .
RTV was giteceigi seal belf@mrtyo&iﬂcbﬂel’ifcrfé?&fﬁ&nH\é@reéf’ert’ & tB?éjrﬁSah %‘ﬁgpsgg‘?%?med

gg: Seal e terBa R e RN a0l Bhildnb 16 X %Sgg%h@noagh gsiopantdughahd iiéter o,

edges et were not seal ed
in the canngl orifide getiead betvrtemtthermsl”séaﬂ anidtitp T disruRifeandsidnPreaoting

the dish 00461Th

i arret ol AN IGEP SRAFE QAT iay AT e g (e rea gy, Y in 2
on Convegﬁérﬁ?ﬁa&loélh tan@'s}ﬁa@eﬂdfﬁh@ﬂ% ml%tp[)mlmﬁig;wa‘s SmsThalspacrag@cﬂther@rﬁh
one quarter 1nch t 04

stainless ste hr e e i.e
st acked % fr@iﬁ‘i the lipaldi? HENEE SRACHRY WeOrRté@ gﬁ ®%Eﬁeaﬁr§8§ﬁ'ﬁe filter
t oget herel ?ﬁg%a si ngl e gear about three quarter i nch thick. The
rack was i ured from 20mm di aneter, 304 stainless steel ehft "y
The rac k[obmvel Eigure & rBrmea@tioﬂabWBerfm rBogETERt iof ap@%@mé{ﬁél‘on ousing

glulsﬁlnﬁg agg'sen%%gw g\t [ﬁ%ﬁog%%ﬁg %Qeﬁﬁ@tﬁét%g E:ia gﬁgﬁgélf;téﬁageﬁept féom

danper Sﬂ%ﬁhve’t)ﬁi@nﬁ@&‘ﬁér%bﬂﬁ frperarafslrﬁaTg lod., lohategdaRiverdale, Weth/arsry.

rack. [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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panA |ip extending froma 12 inch (304.8 m) dianeter, 304 stainless
steel collar circunscribing the inlet was used to formthat

kni f e-edge circunscribing the inlet. The collar was continuously

wel ded to a piece of 11 gauge 304 stainless steel that was

continuously welded to the upstream fl ange . of t{lne hqusi n ..[0048%%5

an act ughough éup hedsing 60Re ?ﬂgﬁ'@éﬁe%@@ﬁﬁag I 604 %eggotﬁ??'ﬁ"ttaﬁge% 1 818
, the r | : | .ol ke i ‘

gear lﬁtﬁé@‘;&% 4{@ ggggéﬁgﬁ%gobaé%@we,m%acmme Bl beariiey haitkr ¢ivsdues

t he stai e knife-edge nounted in the
endpl at gn ef ddpeehhusdupded fbesisgl arcbthe lifasket around the perineter of

t he di sh I i nst kni f e- ;

b of ol « o B Aihe SRE B B B RRed PR AORRLL BERLe obfihetia

teeth gjggwr%al\;%@gg F%%%A@Hi%%ieﬁg?ﬁéﬁal _sThegm%tsémﬁai hgh@ ceefruction that

TEST E 0 e ri neunat 1 ¢

Act uat orforns A SISSEHE bafriﬁrrbetwsamgasegg’@@%g%%%?’g@k@” sar; vrggment

22221100 - ] a & I6C tHey lesLssinge602 is a
07000 Bltiistld % )Pl dho@airienb@doieieannd gt 60 s lesminge002 s

connect i H3CR- F8300 %er FI? - Tube

Manonet eigliowGasitnyldaninod Piapicaes froPROTEDURKES Y G(ASFS HE %a‘%ﬁ@’f& was

bubbl e-t est ed in accordan | : ; VES t ling!

3: Pr essJP%‘mbeca%eS&oHémr g&%@)@%ﬁ?@&ﬂ %g%%{?e%gg%%e@?i 234 Ot‘?’ﬁe se.a ney
cont ai nr@rfgtalgegtesiﬁngr widrheninBegr dispabedaimpthe hassipyagsaenally HWar tA ARKAGE
bl ank-of f 'pllate with ball valve and stati S ; t

to the oppeanisn &Rl igrPieKide nzpetpegbqqsg}g é‘fﬁzat% Egl 'gg('r O?élggtég g&gﬁ}oﬁ% tﬁéh.‘#:t@r
kni f e- edgemeihbfs BRRRR A ORI Bekiidey eaymded Wih thddadgenfdd andsa besiten

pushed away fromthe knife-edge, The pressure, was red w th :

U-t ube neleamet ére fiaage §¥'évirkicdah fa?tf%f@w&nﬁ'ﬁﬁﬁhsr%@3@983@%@3 abbve, is

between Lhe pr i eC1 vent fRvapomdlypeEsng
SRS I, ABASRrton mpsncte o7 cssuten oapormcy

was spr etween the knife-edge on the inlet ring
and t he sklfiteoglergatBeb. t hat it was seal i ng agai nst. Visual

bubbl o- t DGR nestg Pegess ot d3fp B BERbERqR, AolRate teiRold GRETRer lemont
616 from the housing 602 and is selectively sealed by a door 622. The accs?ss port
608 is circumscribed by a bagging ring (not shown) that is utilized to access the interior
of the housing and/or remove and replace the filter element 616.
[0042] At least one end of the contamination housing 600 includes a linear damper
assembly 130. The linear damper assembly 130 is as described above. in the
embodiment depicted in Figure 8, an external actuator 690 Is coupled to the shaft 152
of the damper 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
oylinder or a lever, among others.
[0043] Figure 7 depicts one embodiment of a housing assembly 700 having a
damper assembly 130. 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 portin 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,



[ 0050] General | y, bubble-tight danpers are bubble-leak tested at >+10"
water gauge (w.g.) (2.50 kPa). In sonme circunmstances, they are
required to be bubble-tight at >+15" w.g. (3.74 kPa). During this
test, the linear danper was tested at >+18" w.g. (4.48 kPa).

[0051] After the initial bubble-test, power and conpressed air were
suppl i ed.IFE CYGLETESTNG, and the darrper was cycl ed between open and

cl osed position Bubbl e we f nAa0,

10, 000 dPf44h5, 0‘80 W%é%??‘f‘?@’t &%ﬁg W%@gt&au[) %aﬂ%%@ﬁé? \/Q %su%a as

?EZ e 2: ¥ ?tedgtgeﬁ?g@?g%?wgy géafﬂcé tdh aeil,wﬂntmt if tahﬁ significart oregdvaree @m%mtrphé/ear
Cc

and act vl iogaumieiwaan 4 fatﬁﬁgtﬁ{d?'@']n?%hg%{%’q%erd&% E{‘g&hffla%ér]%tg éﬁ '? ?S!QEGSS

are as fg 218 End T@th %10 IM%rT%\Fer&%#ﬁ@m@mwbat ik oboat nwbéd:s“mze

Pressure s or Fal nment s >17" w. g 3 kPa) P
bushmgs used to support the rack and the damper sha%t ) Pass

TEST SETUP
[0045] A one-high by one-wide containment housing was modified to accept the

integrated linear damper assembly. The integrated damper assembly utilized a 12”
diameter stainless steel dish. A medium durometer silicone sponge gasket was cut by
hand using a template. RTV was placed in the bottom of the channel of the dish. The
gasket was seated in the channel, using the RTV as an adhesive to hold the gasket in
the channel. The edges of the sponge gasket were not sealed in the channei, in order
to test the seal with minimum adhesion to the dish.

[0046] The damper actuator included a three quarter inch diameter stainless steel
shaft with keyway, which is typically used on conventional flat blade dampers. A pinion
gear was fabricated from one quarter inch thick 304 stainless steel. Three gear pieces
were stacked on top of each other with the keyways aligned and welded together to
form a single gear about three quarter inch thick. The rack was manufactured from
20mm diameter, 304 stainless steel shaft. The rack travels in a linear fashion and was
held in place and aligned using bronze bushings coupled to the bracket. A bronze
bushing was also installed in a support member fo 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 sieel
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 fo 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.
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Initial Test 5585 >28" ng. (6.97 kPa) Pass Danper was | ef
previous night.Indentation in silicone gasket?pbut still ;agggze?h;he
bubbl e-tight test. No indication of mechani smwear. 10,289 >+18" w.g
(4.48 kPa) Pass Danper was |eft closed the previous night.lndentatioh
in silicone gasket, but still passed the bubble-tight test.

TEST EQUIPMENT & INSTRUMENTATION

o Elomatic 350 Series Pneumatic Actuator with spring return
o Model; ESO350,U2A03B.27K0
o Serial No.: 22221100020
» Blank-off Plate with Ball Valve and static pressure connection
¢ OMRON Timer:
o Model; H3CR-F8300
o Dwyer Flex-Tube Manometer:
e Gast Vacuum Pump

TEST PROCEDURE

[0049] The damper was bubble-tested in accordance with CFW-1000 CFW-10003,
Revision 3: Pressure Decay/Structural Capability/Bubble Leak Testing. The
containment housing with integrated damper was placed on a cart and a blank-off
plate with ball valve and static pressure port was attached to the opposite end of the
inlet collar that also serves as the knife-edge. This space was pressurized such that
the damper was being pushed away from the knife-edge. The pressure was measured
with a U-tube manometer that provided a differential pressure reading between the
pressurized space and atmospheric pressure. Soap solution was sprayed on the
interface between the knife-edge on the inlet ring and the silicone gasket that it was
sealing against. Visual inspections were conducted for a period of 5 minutes to ensure
bubble-tightness (i.e., a leak free condition).

[0050] Generally, bubble-tight dampers are bubble-leak iested at >+10" water
gauge (w.g.) (2.50 kPa). In some circumstances, they are required to be bubble-tight
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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No indication of mechanismwear. 15,260 >+18" w.g. (4.48 kPa) Pass
Danper was |eft closed the previous night. Indentation in silicone
gasket, but still passed the bubble-tight test. No indication of
mechani sm wear. [0053] As shown in Table 1, the danper was

bubbl e-tight at >+18" w.g. (4.48 kPa) for each test conducted. It is
bel i eved that the danper would remain bubble-tight at higher

pressur RESULWESt est was termi nated after 15,260 cycl es wi t hout
failure phef acithd kalisiopthefcycheebalaré as feltowes: projects. Upon vi sual
observation and insgection of .t he mechani smfor danper actuation
after concFalledn eyclerkestdasultsy evi dence of mechani sm wear,
degradation or failure was apparent. There also was no_ vi sual

evi dence of cORlaliva|- Proeafe | Nerdgséied danper Casmmebtsy conpares
favorably t%cﬁquv@ég ifonal flat{bl gdg danpers and di sh-styl e danpers.
The ext ende I e 1s |believed

0

ttributable to the

>17" w.g. Pass Initial Test
(4.23 kPa)
5585 >28" w.g. Pass Damper was left closed the
previous night. Indentation in
(6.97 kPa) silicone gasket, but still

passed the bubble-tight test.
No indication of mechanism

wear,
10,289 >+18" w.g. Pass Damper was left closed the
previous night. Indentation in
(4.48 kPa) silicone gasket, but still

passed the bubble-tight test.
No indication of mechanism

wear.
15,260 >+18" w.g. Pass Damper was left closed the
previous night. Indentation in
(4.48 kPa) silicone gasket, but stjli

passed the bubble-tight test.
No indication of mechanism
wear.

[0053] As shown in Table 1, the damper was bubble-tight at >+18" w.g. (4.48 kPa)

for each test conducted. It is believed that the damper would remain bubble-tight at

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

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

mechanism wear, degradation or failure was apparent. There also was no visual

evidence of gear wear.

[0054] The tested damper assembly compares favorably to conventional flat-blade
dampers and dish-style dampers. The extended life is believed aftributable to the

design and construction of the damper assembly, which utilizes linear motion that has
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desi gn and construction of the danper assenbly, which utilizes |inear
notion that has 11 reduce bushing wear and stress conpared to

rotati ng bl ade. Modreover, the linear notion and the use of gearing
reduces the power required to close the darrper t hereby m nim zing
actuator costs. CONCLUSI ONS p0551The da royven,.to remm

bubbl e- tregite Ausiing gvear, gnd EHess G@Pf&?)ar%@t Gt Bt IR, d@%reé’y%ﬁ’ é@e linear
which is n Hohér reguirs@mentisse the damper,
(bubbl e- mc?{g%rf%?etﬂ%ogéee%tfed'e(aglﬂg retigigg g?%jer 10, ogo cycles). The P
r obust neasrebpdnidiorizibg brtuptwfcostse mschanl sm are superior to both the
fl at - bl ade danper and di sh-styl e danper designs, as proven by the

| ack of wear even after nore than 15,000 cycles. [0056] Al t hough

vari ous eoReIUSONS whi ch incorporate the teachings of the present

i nventi on have en shown and described. i 2,

SR ed 951 he T4 demAot g, R Ve g §%mﬂ1&rRPb%fen@¢Htvaru P %8 kPe at

Lhat stifhbyd ﬂ\%ﬁrﬂ})@@d @yé]@@s\ﬁhhﬁa@ t‘360ngwre::ent\t}}‘ileater thar mamnﬂustgy raquérements
ousi ng asse

outl et @ublalﬁﬁ@%‘f cﬁfsg&ewg n(%- 5 W@Jgg%ng%gﬁw ‘g%%anclt th(‘ﬁ3 chaP trﬂq@gt and
and a | | EABE iR e a?§' E@ﬁ’ortta (it @Y BiPIadE RRtmp@Rigish- s’tyle

centere nove t bet ween_ positions that c]?
and cl osgarhher desiget, as pmyan hydhaﬂaquofwe@r @upipafier more than 15,000 cycle

[0056] Although various embodiments which incorporate the teachings of the
present invention have been shown and described in detail herein, those skilled in the

art can readily devise many other varied embodiment that still incorporate these

teachings.
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2. The housing assenbly of claim1l, wherein the danper is substantially
conical. 3. The housing assenbly of claim1 further conprising: a filter

el enent di sposed in the housing. 4. The housing assenbly of claim1, wherein
the housing is at | east one of a filter housing, a contam nation housing or a
stand-al one danper. 5. The housing assenbly of claim1l1l, wherein the |inear
drive nmechanismis at |east one of a cam a scissor actuator, a linear

act uat or, yehd@eainssriew, a sol enoid, an electric nmotor, a pneumatic cylinder,
a hydraulic cylinder or a gear. 6. The housing assenbly of claim1 further

conpri si ng: a seal r Log . fhe danper and the housing to providing a
bubbl e-ti ght sézg‘lcuﬁlpgtaﬁéemﬁfyefg@/ﬁhﬂgghe danper is in the closed position. 7.
The housing aSéﬁﬁbélMgthbvmbéarﬁhlbtfaudhhemtle‘onpr| si ng: a seal coupled to a

perimeter of the danp and ad d to sealin

provi ding a bu%@@@ﬁqrd{‘ﬁpoﬁglm (3315)6 HBS'PQI"%F‘”V@{%E%?J[ gtggr?rﬁéerﬁgﬁngoctéﬂ({}gd Mosed
position. & eFﬂ% theuRthgngssenbly of claim1, wherein the seal furt her
conpri se: tp east one of a m fluid seal or a bl adder 39{ The

housi ng assen’o&!ylll‘tﬂelrc‘Iina\ianlec adanted | tonEve dihey damRatalif %"‘fﬂ f
(r:g[rg[: 3?}5893 'ﬁ@saftﬂéé&pv\ﬁ ttﬁghrﬁi%'mﬁfou?f'&étgﬁdth\é‘&a% perf eature that prevents

I'S nove a linear direction. 10. A
housi ng assenbl vy, conpr|5|ng a housing having an inlet and outlet; a danper

di sposed Ln the, NPUSING a29mbly b5 ¥faim RS tRELYRBEr RALstARNY Batical

3. The housing assembly of claim 1 further comprising:

a filter element disposed in the housing.

4. The housing assembly of claim 1, wherein the housing is at least one of a filter

housing, a contamination housing or a stand-alone damper.

5. The housing assembly of claim 1, wherein the linear drive mechanism is at least
one of a cam, a scissor actuator, a linear actuator, a power screw, a solenoid, an

electric motor, a pneumatic cylinder, a hydraulic 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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open and close the inlet, the danper having a non-planar sha

into the inlet when the danper is in the c?osed pogition; angenégﬁg féﬁends
restraining the danper fromrotating. 11. The housing assembly of claim10
wherein the nmeans for restraining further conprises: a first feature coupléd
to the housing and fixed in orientation relative to the housing; and a second
feature fixed in orientation relative to the danper, wherein thé second

feature eggagemed h@uéihgrs;ssémtwofecuam 4, méhenain thadinepednive sneéghaaiem fwthesn
Wi thout rotation. 12. The housing assenbly of claim 10, wherein the neans for

restrai ni ejPMAEeSher conprises: mating threaded nmenbers having truncated crests

fggt \r/:: |n %3 f ljf,ramge@eo@aea!taqrué@smﬁﬁk ]gengéged witi(‘jnalﬁa,atunfedhai prevRetshetaiionfalr
_ conprises: a shaft coupled.to the danper, th haf '
a non- ci r theldamparodiensteetshaft:is grayed '”a"”%a'%grfrcf'ﬂ'& or gui gg ci rcurensir;abit nga;”hgg

shaft, the bearing or guide having a shaft acceptin [

_ g aperture mating the shape
of the shaft. 14. A housi ng assenbly, conprising: a housing having gn I nl et P
port, an ogt! eA hposihg @asdemblyagoinp/ipag out filter access port; 14

a housing having an inlet and outlet;

a damper disposed in the housing and linearly movable between positions that
open and close the inlet, the damper having a non-planar shape that extends into the
“inlet when the damper is in the closed position; and

means for restraining the damper from rotating.

11.  The housing assembly of claim 10, wherein the means for restraining further

comprises:
a first feature coupled to the housing and fixed in orientation relative to the

housing; and
a second feature fixed in orientation relative to the damper, wherein the second

feature engages the first feature in a manner that permits linear motion without

rotation.

42.  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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a filter receiving nmechani smdisposed in the housing, the filter receiving
mechani sm configured to direct gases flowi ng between the inlet and outl et
ports through a filter installed in the housing; a first danper disposed in

t he housi ng and novabl e between positions that open and close the inlet port;
a second danper disposed in the housing and novabl e between positions that
open and cl ose the outlet port; a nmechani sm di sposed in_the housing and

configured to adfitter t feeeivings metzhapism bdispasef thdheplousing e dlgT g65FYINGns

wi thout rotating the first dapper, rel hLESt thdamRer of cefhrapart
fromthe Fﬂ?ﬁé@'ﬂ \Aﬁ%ﬁ'giuﬁeci H8 'eec:tl %égsé?tﬁdovﬂhé FSetW'bi'{ﬁi tﬁgugpﬁgagisozﬂngl 3%0]: claim

14, wher ejqiod fearpestallsd mubsthaatingl | y conical . 16. The housi ng assenbly of
claim 14 further, conprising: , eal. interfaci ' nd the
ousi ng to- pr ouEmTEPBUBRPEsed dhithe dEsgp L TRRD iRfcd DosfBRR i 1
in the cl BEQQaH&’EIiOEE%inH' oHe housing assenbly of claim 14 further

conpri si ng: a seal cc?upl’ed to a perineter of t[@ first danper 3@%
adapted to seah sacond dagage dishesebisihegausNs 3 HINE %@W@-R‘%@WS A of
the inlet when the fi . is in the closed position. 18. The housing
assenbl y SPG'%?%E ﬁﬁf??ﬁ%%&g%ﬂhe seal further conprise: at |east one of a
gasket, fluid semchanisen dispdaed in the: hasinchansd carfigusee id Inyovst the| THstelampefanher ei n

t he mechani smfurther conprjses: a.shaft. t with a
feature tpgwe@,net{@rﬁp@nr@{r@p‘ogﬁad}OS{ClﬁgS H@W’%g{rjm\}ﬁ@?ﬁ ﬁheeﬁrgﬁg? | i \ﬁg%;eég??]r? a
linear di 'fiF‘s‘FHEﬁ’iger is2Bacdd@pBaryRIN thesaairy whar incthaiopeb4jositiom. f i r st danper has
a non-pl anar shape that expends into the inlet when the first danper is in the

cl osed position. 15
15.  The housing assembly of claim 14, wherein the damper is substantially conical.

16.  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.

17.  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.

18.  The housing assembly of claim 17, wherein the seal further comprise:

at least one of a gasket, fluid seal or a bladder.

19. 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.

20. The housing assembly of claim 14, the first damper has a non-planar shape that

extends into the inlet when the first damper is in the closed position.
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