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| NTEGRATED CONTAI NVENT SYSTEM BACKGROUND OF THE | NVENTION Field of the
I nvention [0001] The invention generally relates to a contai nment housing
having integrated danpers. The invention also relates to a contai nment
housing having an integrated filter |eak scanning nechanism | Description
of the Related Art [0002] Figure 1 depicts a conventional containnent
system A conventional containnent systemtypically consists of multiple
conponents arranged in serles The conponents generally include one or nore
filter housing section, EiSrean1test section, a downstreamtest section

and rotating valNTEGRATED GONTAINMENT SYSTENEystem from

the upstream and downstream ductwork that the systemis coupled thereto.
[ 0003] The bubbl e-tight danpers are | ocated upstream and downstream of 1he
filter housi ng and test sections, which allow the containnent systemto be

seal ed air -t BAGKGROUND Q5 JHEMNMENKON nati on and/or filter servicing.

Transitions tween the bubbl e-tight danpers and the testing
and ot her cgi%n%loﬁletﬁ%)gﬁlgﬁl&?ﬁe cont ai nment system The danpers may be bolted

or wel ded t@oethe tThadivention.gdretdly] reklies dpsat containment beudinghavisgf or t he

i ntroducti on, h r. . UPSLI f.the filter nents and
for the measﬁ&;@@ﬁﬁ ‘?4""?‘%%1 rggﬁ 'R\Z%élpﬁe%%%‘%%ge%ﬂ ?‘ aF{’%tﬁ!“"&ﬁ&@gﬁ“Enm
upstream t eshadiegan oegratedifitat legk scariningemedimhfsires t o achi eve adequate
aerosol m xing such that testing may be performed to ANSI, LEST or other

stanard The filter housing sections may hold one or nore prefilters,
i nt er medi at eDestrition of theRdlatedeArt, HEGA filters and/or other filtration
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confi gurati ogentdinment system typically consists of muitiple components arranged in
series. The components generally include one or more filter housing section,
an upstream test section, a downstream tfest section and rotating vane-type
bubble-tight dampers for isolating the system from the upstream and
downstream ductwork that the system is coupled thereto.
{0003] The bubble-tight dampers are located upstream and downstream of
the filter housing and test sections, which allow the containment system to be
sealed air-tight during system decontamination and/or filter servicing.
Transitions are disposed beiween the bubble-tight dampers and the testing and

(" ’ other componeﬁts of the containment system. The dampers may be bolted or
welded to the transitions.
[0004] The upstream test section is for the introduction of a challenge
aerosol upstream of the filter components and for the measurement of upstream
challenge concentration. Conventional upstream test sections typically include
baffles to achieve adequate aerosol mixing such that testing may be performed
to ANSI, IEST or other standard. The filter housing sections may hold one or
more prefilters, intermediate filters, HEPA filters, HEGA fitters and/or other
filtration components required for the specific application. It is contemplated
that the filter 104 may be a panel filter, v-bank filter or other type of filter

configuration. }



[ 0005] The scan test section is used to conduct manual in-place scan testing
and validation of the HEPA filter(s) to determ ne the | ocation and size of
any leaks in the filter(s). A bag with gloves (not shown) is generally
coupled to a door flange of the scan test section and utilized to position
a probe during testing of a filter disposed in the filter housing section.
[0006] This configuration for a conventional containnent systemis very
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significant space and i nstallation. Mreover, rge size of the
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surrounding environment.

[ooo7] Thus, there is a heed for an improved containment system having
smaller foot print and fabrication costs, which also improves the systems
inherent safeguards against potential leaks.

SUMMARY OF THE INVENTION
[0008] Embodiments of the invention generally provide a containment
( system having integrated bubble tight-dampers. In another embodiment, the

{

containment system includes an integral auto-scan mechanism disposed in the
housing of the containment system so that a filter element, disposed in the
housing, may be leak tested without accessing the interior of the housing.

[0009] In yet another embodiment, a method for testing a filter disposed in a
containment system includes challenging an upstream side of a filter element
disposed in a housing of the containment system with a test aerosol, and
automatically moving a probe disposed within the housing to obtain samples for
leak testing.

BRIEF DESCRIPTION OF THE DRAWINGS



2 [00101 The acconpanyi ng draw ngs, which are incorporated in and constitute
a part of the specification, schematically illustrate the present invention,
and together with the general description given above and the detailed
description given below, serve to explain the principles of the invention,
[0011] Figure 1 is a side view of a conventional containnent system [0012]
Figure 2 one enbodi nent of a contai nment system having integrated bubble
tight - danpers [00[16}013]ThEia|gwmp@A/mgsdnawp@et\Mﬂbh sedhcarpefated mvandfcohbigtute

cont ai nment syst l.ustratjng on nbodi nept of _a bubbl e
ti ght - danper; ftd?fi aﬁg%{‘}éﬁops eﬂh'art'?‘?@l ﬂé’%@?‘? gf?apr‘?ﬂeégl'ry?"?% and
cont ai nment SBt@QeﬁﬁBrQﬁth theCireral ddsbhtﬁbh@Veﬁ@bﬁbﬂediﬂd%@&ldtéﬂéd' dwefiption for an
aerosol injection rjng &gqé%plam ure Is a gartl al. top view of the
r

cont ai nnent SW@WPW gp EQI:'"I‘%\R'P%@” AVERIMYI nent of an aerosol

i njection ri nq@m{]OOlﬁ]guFé 945 8 SRICARRY 6 $ chveRdraPBonthiRent sydismecont ai nient
systemof Figure 2; [0017] Figure 6 depicts a partial section view of a bag

ring coupl ed ¥2he FieyiRPmeormbeimeninf 4 domtanmeristysian having integrated] 0018]

Figure 7 depi ¢ sp@%aht&m odi ment of a contai nnment system and [0019]
Figure 8 depicts ong enbo’gl‘%@rrent of an autoscan nechanismthat may be

utilized in alRdsit ai fiigere 34y i erparfidcroormb viewcol theacentainmens systemngf,

denti cal el ennaits 2SR 5nd BBafHER: s I BRBBE' P, ool aced
t hat gel enent s [mm]one Feguibe GBrvisna. prael lsectidnah gleinc ofatHey contaiomeat aystemi of ot her
of mor o of & hd B PATETILE) ahebetE 15t 1 o AERER LYORBEPEL, | Sectons
i ncor por at ed mrmsg a Figupd @ llscmpamgl topt\hmv ebtheaetdntainmbningystarh efitFigure Reak

poi nts such as It| | e bOEO@ ded conpect.i ons of individual
secti ons. "séfﬁ’?sﬂ:@’eg AN "MPegrated into a

cont ai nment [001 6] F|gure 5 deplcts a sectlon view of the containment system of Figure 2;
[0017] Figure 6 depicts a partial section view of a bag ring coupled to the
housing of the containment system of Figure 2;
[0018] Figure 7 depicts another embodiment of a containment system; and
[0019] Figure 8 depicts one embodiment of an autoscan mechanism that
may be utilized in a containment system.
{0020} To facilitate understanding, identical reference numerals have been
used, where possible, o designate identical elements that are common to the
( figures. It is contemplatéd that elements of one embodiment may be
beneficially incorporated in other embodiments.

DETAILED DESCRIPTION

[0021] The present invention includes one or more of the following features:
. Filter housing(s) and test sections incorporated into a single housing,
thereby eliminating potential leak points such as muliple bolted or welded
connections of individual sections.

. Damper blade and sealing surface are integrated into a containment
housing as opposed to being a separate damper.



housi ng as opposed to being a separate danper. 3 Danper utilizes the body
of the contai nnent housing as the external pressure boundary, as opposed to
a separate housing such as the barrel of a danper (such as shown in the
conventional systemdepicted in Figure 1). The danper "seal plate" or
sealing surface and inlet flange are attached directly to the end of the
cont ai nnment housin They are gﬁblntegral part of the contai nnment housing.

Beneficially, the i r@%‘?’a‘t‘@@eﬂ opdy of He goatainmant auging axtheexieral such
as nul tiple bohl8sLRbotRESGIas OppEsEd t@r@sé&ar&e hoﬁerﬁg s%&hta?;emeada%r oﬁé‘d

transition shown in the cohventional system depicted in Figure .
danper bl ade r éamper(segitanghawn indee copventienal Sﬂiﬂﬁf@dﬁpmﬂdﬂﬂ Qﬂﬁér"htl on Thus,

the d bl I y d |
e, Sarmer b 2 L 4983 o CheLLRy UL AP ik SaRBE UL ERGD! | 2"
ai rfl ow uni f or diregfly do theoenchofr the canttirsoert housiog mpey ABMI KBahal pageafithen 8,

1995 Reaffi rne??égﬂé%h @6 =aerosol mxing uniformty per ASME N510, Section
9, 1995 Reaffi nates the need for internal baffles and space

for mxing, therebyBelidiclly)dhé irtedratesii dunper dimirsbay petortibl leélrhgoudlessugm and
| ocation of the aer sol

ectio i s.such that aeros IS injected
into the high- %I'Bﬁ B?IQdCBFn"Yfgd‘?AanUW ‘P%Q?ﬁl e?“cf%olaPa eofl@PRY a0Pst r eam
danper. The Iocraﬁsmthgfomhhﬁﬂe@é@ﬁ/@htum Sytdr depitied i Blgatd Yp to the danper
el imnates the need for di strlbutlon pl ates further downstream of the

danpér.. Werea8, coHefameaTdladgemains facing in e delpkaitstecar ApEng opgatiater osol
[ ectionhousirie. neThnGRADbRE! 9BoCfurkis B0 ABNEARLACHRY ti BleiES! o1

and pOSI tion r at’i ve esl gn er,

| ocation of theomgkgnse wuﬂu ll%ﬁeTrBEcﬂIC@?rﬁ tdon @ﬁrqsphgnuf@rr@tw /obIE%rRPhI et of
the contal ””E”bdl‘)%“ész . 'u?xﬁor @BP%Erﬂc}v?dddﬁt’éﬁt EP%SME’HM% ly
in IVI ual conp nents wel de ogeth

consi sts of severa r inseries’(e.g
a danper, and Sestfions 8ct1P85)Redffirimed and/gr airegrosol mixing rurdfooeity tpee ASME al |

length, instal H\ﬁf,ﬁb,oé‘e&,%ﬁtg? 49&@%&@%’:&5] ﬁlﬁis%ﬂﬁn%\tesatﬂg need for internal baffles
and space for mixing, thereby allowing the housing to be shortened.
o The design and location of the aerosol injection ring is such that aerosol
is injected into the high-velocity air coming through the inlet collar of the
upstream damper. The location of the aerosol injection ring relative to the
damper eliminates the need for distribution plates further downstream of the
damper. Whereas, conventional systems utilize separate dampers and aerosol
(K : ~ injection housings.
. The combination of the aerosol injection ring design and position relative
to the damper, the design of the damper, and the location of the damper and
aerosol injection ring relative to the inlet of the containment housing comprise
n "integrated system” that typically consists of several individual components
welded together in series (e.g., a damper, and test section). This integrated
system reduces the overall length, installation costs, manufacturing costs, and
the installation space requirements as compared to conventional containment
systems.
. An integrated autoscan mechanism is provided in the housing of the
containment system. This allows filters, disposed in the containment system, to



the installation space requirenents as conpared to conventional contai nment
systens. An integrated autoscan nechanismis provided in the housing of the
contai nment system This allows.filters, disposed in the containnent system
to 4 be tested w thout opening and exposing technicians to the downstream
interior side of the filter housing. [0022] Figure 2 is a containnent
system 100 having integrated danpers 118. The contai nnment system 100

general |y i npé tetes] withoutopegingQhdvdxpobing @sdhinitidng to higd dewastfddnt diterik enment  or
filter 104 th re{) fﬁﬁg ne .enbodi nent, the housing 102 includes a bottom
108, si dewal P88 Ppibe( li'stf"l‘fl ‘the front, left end, and right end sidewalls

are shown) afppap tOPlgillﬂeDZ usTéleoﬁtgmmengsst% ﬂfm’hﬁ\ﬁné RifddrambRnfpepsm 1&any

suitable nmateri al such gtgastl c, fiberglass, stainl ess steel and al um num

anong ot her 3% P%P@mﬁi‘ﬁéy ms10Q QPQ%'VéWBQﬁ%HPU%%Q)l B2 ahichsesligglve 1, the

bot t om 108, ﬁb!@@%tbﬁelé%n%ﬂfﬂié?ﬂOl%réihe n@@néIemyauﬁﬁéhtvmb%ds;hgagza si ngl e
housi ng 102 havi ng a substantia rect angul ar shape erring
addi ti onal | yinglydesa bodiem %ISldﬁV‘@ﬁP ap6 ﬁq’fd&\*@ the ffqli@ 'ﬁ%ﬁ@ﬁr@f‘d gt endhcl udes

col 1 ars 116 ghaRaRSSheAlRI ahflzPiopdd. el 1RbusRBOTO2NEY bddGorich rdfr med i 1

opposi ng para Sl ars 6 are sealingly coupled to
or forned i namheuitablematerial soeh ae plaste,| flberglasst plairessvstes! andral(lmmum, her

f1ui o) ¢ houdhubl ohidrfiallndionBes of 1he ot HepRR o3RRI, 10 The

collars 116 € housin S wel caul k,
gaskiet or obtmm 408t aldewabs 406 aﬁtieiopdnoeare cmmmuonsllyumeexh ideal $inglel i p 112

ot end 01 bl K G0  BhHBRL IR 102, 0054 ubtL e L o
between a fi [8823] posReferring ladditisrsilyitoghy sectipngksiewt dfeFigune 3,1iBe Hoosingby
Drevent 00 | S SRR U Rt ebRe IR R BRI IA an 11
112 may be s@mied moapnscﬁdmg rperau@t gidefvafld 006t hrraag&uu@kse 1a6! drer séahﬁglyl n one
embodi ment,, tccbn?plgf {HD or folrrIn%d Ssthe s%%\r/]vg l::‘fjl %é{ to aclll(t?éa%e tﬁ %8\1% éfhaeill:[ or ot elrns ina
fluid) though the filter 104 disposed in the containment system 100. The collars
116 may be sealed to the housing 102 by a continuous weld, caulk, gasket or
other suitable seal. The collars 11 6 includes a sealing lip 112 extends into the
interior volume of the housing 102. '
[0024] A bubble-tight démper 118 is provided in each collar 116. The
- damper 118 may be moved to between a first position that sealingly engages
< the lip 112, thereby preventing leakage through the collar 116, and a second
position spaced-apart from the lip 112. The distance between the damper 118
and lip 112 may be set to control the rate of flow through the collar 116. In one
embodiment, the damper 118 has a generally conical shape that remains in a
fixed orientation relative to the dampers open and closing motion, which is
axially along the centerline of the collar 116. Thus, as the damper 118 remains
facing the flow (e.g., the face of the damper is maintained at a right angle to the
flow) through the collar 116, a uniform air gap is maintained between the
damper and lip 112 of the collar 116 resulting in uniform air flow distribution
through the dampers full range of motion. One damper that may be adapted to
benefit from the invention is described in United States Patent Application Serial
No. 10/863,629 filed June 8, 2004, by Morse et al..



fixed orientation relative to the danpers open and cl osing notion, which is
axially along the centerline of the collar 116. Thus, as the danper 118
remains facing the flow (e.g., the face of the danper is maintained at a
right angle to the flow) through the collar 116, a uniformair gap is

mai nt ai ned between the danper and lip 112 of the collar 116 resulting in
uniformair flow distribution through the danpers full range of notion. One

danper that mayod2g admt@emwmafdebmfddqmm elmwaaﬁ?erawi%meb@ in
United St ates Pa glpqd()@@l |on Serj al . 101863, 6 2004,

June
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interior volune O he housi n am na and ilter
104 be( r epl acedsystam mtétodmnselatédlﬂo:insthé lduagr(mtesdown)mmllgd forthe colldrel 1Bousi ng

conventi onal -y Ba TRt Fisfor GHFES by e ieng) D2 Bk "8 HesREPRInaIEh ot s
are el i m nat ed,arldng teafilta?ol 04l rapleieant As dHeadamperdti@ris iftedratedodireictly intent
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system 100 depigHo@# ih M\é:b&Weﬂtlénal%?s% asiitted M Bighieon), muiple felk otéhitposed
inthe collar 116 upstream of the da 118. The aerosol jnjectjon ring
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injection ring
[0026] Referring additionally to the partial top view of the containment
system 100 depicted in Figure 4, an aerosol injection ring 302 is disposed in the
collar 116 upstream of thé damper 118. The aerosol injection ring 302 is
coupled by a tube 304, sealingly passing through the lip 112, to an aerosol
injection port 180 formed through the housing 102. The aerosol injection ring

(. 302 is positioned in the high velocity flow of area defined by the collar 116.
Aerosol, provided to the air stream through holes positioned on the radially
inward side (or other portion) of the aerosol injection ring 302, impinges on the
face of the damper 118 as the air stream enters the housing 102, thereby
proving the turbulence necessary to ensure good mixing and uniform
distribution of aerosol for filter testing.
[po27)  Figure 3B is a partial sectional view of the containment system of
Figure 2 illustrating an alternative location for an aerosol injection ring 330. The
injection ring 330 is positioned inside the housing 102 and outward from the lip
112. The injection ring 330 is disposed between the sidewall 106 and damper
106. Holes 402 formed in the injection ring 330 have an orientation (shown by
dashed line 332) which directs the spray of aerosol into the housing 102 at an



302 is positioned in the high velocity flow of area defined by the collar
116. Aerosol, provided to the air streamthrough holes positioned on the
radially inward side (or other portion) of the aerosol injection ring 302,

i npi nges on the face of the danper 118 as the air streamenters the housing
102, thereby proving the turbul ence necessary to ensure good m xi ng and

uni form distribution of aerosol for filter testing. [0027] Figure 3B Is a
partial secti dmedrd\daneie (efg. {theacbthe aeniedine of jst evffaot 16)Rugh tieat2he Is;brayhsr ating

an alternative,l ocat.i on.far. njection ri 330., The tion
g 350 s pakeRelbE rediol RN AR SohD At bt s tod O ek 1o
Thfa i nj ect :c on crarrr;@ra?.ﬁ. iThetbrigpttien %etmepalsﬁm am@emhlthé%emm(ﬂﬁrmer ] 106.
Hol es 402 for in the injection rj 330 have orientation (shown by
dashed |ine Bg'géj‘thﬁ’lﬁwﬁy&?‘ﬁhb%ﬁ? Qﬂ%sé#%{?arﬁ#hea@rbﬁl into the housing 102 at
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si dewal | 106 SééroddﬂaimfohﬁltﬁpéMoﬁXESTW-Cb@O?Q' &6r Aa@ﬂowl aaifcﬁnﬁtpeahd/ar 112.

[ 00281 These configurations of the aerosqgl injection ri n%oggg as shown in
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di stribution per ASME N510, Sectlon 1995 Reaffirmed, and/or air- aerosol

mi xi Qg uni f or rihe y\eﬁérfOASI\?Efﬂ%P@fﬂeSe@ld §Pae Tor guiinge Fireel. cOrNaRtionat he need
for imternal RahidnGRafid si?éﬁ\‘é fs0klj Jmné}]erer[;&%}/f%wuﬁb GREVESUSIHY 3 be

cont am nati on syst ens IS I'mnate | ow n e housi ng to be
shortened, as ab@ﬁpaecb@Stcomaraﬂbtﬁtopamtloa@lrmatammnt S¥§F§'tn§rrs [ 00291 Fi gures
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Figure 2. Ref mar i to Figure 5, an autoscan nechani sm may be
di sposed in t leontasaipatian systen of Figurd Ztaeter@mnrmargy@i Figuree 5f &n agtoseam
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requi res door acilitatetestl suc conventi onal Syst
the filter 104 without opening the housing 102.  Since this area of the housing

- 102 no long requires door to facilitate testing (such as the conventional system
of Figure 1), the length of the housing 102 may be further reduced. Moreover,
as no door is required, another potential leak point 'present in conventional
systems is eliminated, further increasing the safety factor of the present
invention. In one embodiment, the total length of the housing 102 configured for

( ; autoscanning is less than about 55 inches. It is contemplated that containment
system configured for efficiency testing may be sampled downstream of the
housing 102, thus, allowing the distance between the downstream dampér 118
and filter 104 to be further shortened. One autoscan mechanism that may be
adapted to benefit from the invention is described in United States Patent
Provisional Application Serial No. 60/675,678 filed April 25, 2005, by Morse et
al.

[0030] The autoscan mechanism 130 includes at least one probe 142 and
motion mechanism, such as an actuator 144. The probe 142 may have any
number of designs suitable for particulate scan testing. In one embodiment, the
probe 142 conforms to IEST-RP-CC034.1 Recommended Practices. The probe
142 is generally coupled by a tube 516 coupled to a downstream sample port



of Figure 1), the length of the housing 102 may be further reduced.
Moreover, as no door is required, another potential |eak point present in
conventional systens is elimnated, further increasing the safety factor of
the present invention. In one enbodiment, the total |ength of the housing
102 configured for autoscanning is |less than about 55 inches. It is

contenpl ated t nt ai nment . system figured for efficiency testing may
be sanpl ed dow@%r@gﬁ?‘ifhrﬂ@‘ tmﬁ)ﬁg‘i'srﬂf’i _,At%ﬁﬁtoef 5381 R BRhoIRegtehee

bet ween the dowasiceecotintis|igatouplta to éethdri 5082 IThEOéstep 5P nfayrdidiche shupidened.

One autoscan nmechani smthat may be ’% apted to benefit fromthe invention is

descri bed in UdP R URSIRAN seile Port i $he REbeal i aeneyallysepnfiguragyto
60/ 675,678 fil affodiRel isokenetkOBamphvig Mot £ pRédefinbd [ 30 1est NGelBsityOSCRNis

mechani sm 130 includes at | east one probe 142 and notion nechani sm such as
an actuat or 14fontemplgiedeatimiltipleyPreae% oirfy Prabeniavinomuliipls garePing PRl e f or

particul ate sc bd) iR1e0 i OBt r o]
ST RP- 00034, o D e P P e

by a tube 516 c¥@pmen beditilizetbwnst ream sanpl e port 7 508 defined through the
housing 102. A hasgfer ﬁn%oa{t@é’lﬁhﬂém%g%%r@ @lrﬁérqu\eap%ﬁj?fblré? P H&h&tors ! S
he tester 0 may al so upl ed

coupled to the port 508. TI ] TE e co to the upstream
_sanEI e Fprt 540il‘_0ﬂm= rmat@alsms@@tgefn_epesmwﬂmtmei Ryabe d42 eelativeotduibe filter

i sokenetic sanp r ned. fi . .
contez‘pl'at ed thé%'ﬂ&nﬂtﬁ%g}%r%gggéggf 'cr)IIEl '135';‘3F%"E%'z&haq/‘ﬂ’%%%nhﬁ?’f’ﬁ‘gﬁ@%ﬁf ithr?g ports
(and hence, nulddtysita Bldnpay bg routed shrodgh paisHhEddefmenhihiough ¢hes bogsinntPor t s

508) ey be uliibigeshdi G033 TheaRtl K6 e ditholl R BErBG LolIRE Sl B2

actuators, x/y ors “or ani sSs¥sui't a rtioning the
probe 142 r el athousingdO2hand imayebe filtddewitng qlek-didvenedést dr athdrisudabla dgittingak

oot oo B kOt bl Ry LA SRR UE 7o
ports 502 are cCarfifilgfarethct o prevent | eakage fromthe housing 102, and nmay
be fitted with 2 gul kg2 8 HaRs She LhibStintetit ' Ure aliostar fiechanism 800
that may be used in the housing 102 described herein to léak test a filter
installed in the system 100 without opening the housing 102. The autoscan
mechanism 800 includes a motion mechanism 844 utilized to position the probe
142 within the housing such that the entire face of the filter may be scanned for
leaks. The probe 142 may be positionable to leak test the ﬁltér—to—;sealing face
( seal for leaks as well. The motion mechanism 844 may be one or“more of any
suitable actuator, robot, x-y actuator, a linear actuator, a stepper or servo motor,
a fluid power cylinder, a rod-less cylinder, a chain or belt drive, a rack and
pinion gear arrangement, a ball, lead, acme or other power 1*screw, or other
suitable motion control, motion generating and/or mation facilitating ﬁ‘nechanism
suitable for moving the probe 142 within the interior volume of the housing 102.
In the embodiment depicted in Figure 8, the motion mechanism 844 is two rod-
less cylinders 846, 848,
[0033] The first cylinder 846 is coupled to the housing 102 and has a first
carriage 810 slideably coupled thereto. The second cylinder 848 is coupled to
and moves with the first carriage 810. The second carriage 812 rides along the

second cylinder 848. The probe 142 is coupled to the second carriage 812. The



Such ports are currently avail able on contai nnent systens avail able from
Canfil Farr, Inc. [o03z] Figure 8 depicts one enbodi nent of an autoscan
mechani sm 800 that nay be used in the housing 102 described herein to | eak
test a filter installed in the system 100 wi t hout opening the housing 102.
The autoscan nechani sm 800 includes a notion nmechanism 844 utilized to
position the probe 142 within the housing such that the entire face of the
filter may beposiignettherfset cardages810riseopiraied byselastiyely @pplyiiotaiveragther t o | eak

test the fil Efﬁ.ﬁd fo%bﬁ@:?gt lond s‘id’ecef th%q‘ﬁ‘ét c{yﬁﬁdér%%s L%\M%é ltpe-rBIBEltlglEB

nmechani sm 84 e one or Sui t abl
actuator, a Iaenem‘ cardagmBde s eprﬁtoéiquéy selectively applying mjr orsothénfiuid tmahr
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g |4 g st TI(’:lar ri aqeoaaﬂ.(z) Slélneoxsetuswiedm f]hea@ete&woo nﬂwealtmg%tdﬁg}mvﬁeg@ﬂ@ cyli nde][
e ro tOt e.se n rri . psition o

the first pcarfg?‘itlf@k ERUE Bt Meiermiingy TRn PasEod oo hes Brahen 2 © 1B bt hor

f:cwt ﬂ to at |ipRwhationemay gﬁgaﬁze‘dhe d;ohﬁrl‘n"li Ieﬁké,ldﬂtﬂ@lfesﬁﬁ{fer Iiéélkﬁé{daﬁe,_,arhéﬁg position

(0] e secon carrlae | S.contro eq,. sel e e a )/ g ar or

o herr 1 o G T aingfseh S e b lRan oS ediame o pHe Hetera B8, dtuars by

control l'ing tWieedmetd eshteilet HE6 tiialidH Beqors B2 t8 brovidd) mfdrhitien et may b

sel ectively p05|t|onedto scan the face of the filter, In the enbodlrrent

shown, fluid RHilized tp detesmimsrwhen she probesid2 isda @ Bedglieed paitien;| fitder s 846,

848 and por t Swirle bbfveef thé %bné&’f@ ds@t 864knd Mbddt@ﬂepéoé REs PeBR@nitfed i N the
scan direction fromoutside of_the system 100. 100341 Sensors_di sposed in

the system 100" %8 s#e gt qunﬁyedTh%SﬁPW §82 854 meay be utilized in calibration
routines, or to calculate the probe position utilizing a known or calculated rate of

probe travel. The probe travel rate may be determined empirically, calculated
based on known or estimated rates associated with control fluid paraméters
(i.e., pressure, volume and/or rate of fluid passing through control lines 848,
850) and/or by direct measurement.
( f; [0035] In another embodiment, the sensors 852, 854 are disposed in the
) housing 102 to obtain a metric indicative of probe position. The sensors 852,
854 may be an optical device, a proximity sensor, a rotary encoder, a LVDT
transducer or other device suitable for determining the position of the probe
142. In the embodiment depicted in Figure 8, the sensor 852, 854 are LVDT
transducers wired to the controller 506 through the ports 502.
[0036] Returning to Figures 2 and 5, the housing 102 generally includes a
door 520 that may be utilized to sealing close a filter access port 522. The door
520 generally includes a gasket 524 that may be compressed against the
housing 102 to seal the port 522. In one embodiment, the gasket 524 is
compressed by a locking mechanism 526, such as a knob disposed on a
threaded member. As the housing 102 only requires a single door or access



E, feedback controller for determning the position of the probe 142. This.
information may be utilized to confirmleaks, or to test filter |eak
repairs, anmong other uses. In the enbodi ment depicted in Figure 8, two
sensors 852, 854, are wred to a controller 506 through the ports 502 to
provide information that may be utilized to determ ne when the probe 142 is
in a predefined position. the wring between the sensors 852, 854 and the
controller 50 O aL Ly, s 852,
cont ol o1 SORoE3 RSERANH ok B v Vo RSP (4 Bl id MPERRGS S O
position util pert 5@2)51 ther oumber ofcpdtentiabteald point ere)fmnnpmﬁéotsobheih.e sngle pr obe
travel rate b . or
csti mat ed 1 at Bora e 52 BPUYAERGE Weldst Bht fhe SeahaE iy BRpRIrE S RIRC T
vol une and/ or rabasteanst rdlibledcoptesmnent ayhﬂenuwcmnparedlto Icnnwmsnﬁ sys&®f®) and/ or

by direct nea . 854
are di sposed ?‘%E‘ﬁ:@ﬂ}cﬁ {%8?1 fltbg h?%é% Eﬁ%‘ %{’g&% g“ cﬂ%c'?acﬁc Sgﬂ’agweg\?obe .
posi ti on. Thesmmmnﬁﬁﬂas toBMrafmy, bentammept sgmémslesmc:teas gheriovantion y
sensor, a rot de a LVDI, cer or ot r _device sui le for
et or m i ng- 1 NESGEBEN OB SRVPHIMBIBBE ek Fotariat fil BREURS Aentceael Bl ed | n
Fi gure 8, 't heppatting RfnicBhd anklihareds anFOUNENG the riabs t@iliing thesér ol | er
506 through the ports 502. [0036] Returning to Figures 2 and 5, the housing
102 general | ySY ®rdes a door 520 that may be utilized to sealing close a

flltggr access[om»gt 5@3ntﬂdw%dpwfert5mg@@@2rénulsfam‘dﬂﬁ@ssacaaﬁkﬁnmi% t hat
e corrpre agai nst t H% 102 tqg seal the port 522. |In one

errbodl ment , et lpepespoport 922.¢ r"@gs‘r@&’ movides 8&?%‘“9&@9% ¥d 588, such
as a knob di SWSQ&:IW% glblés3 3de tdEidd@tlized\® rbh%v@@H@)oFgcééb% tﬁ@lrﬁferfd?qw res a

S|ngle door or access, 9 port for accessing the interior of the housing 102

(e.g.. sol el yotihe houpingrt Oacaﬁégpw ipdhe a2 3his neetochfonigesessingdbe dnetirof | eak -
poi nt_are m nigy ﬁ&g.ﬁgois@%he}amymhswﬁbeg$a-g-‘nd99g-o # NEhali€ Jag eaq Gl vel ds,

and the penetrations,” thus providing a rore ust and re |ab e cont ai nnment

system as congéfedin Ubit%ﬁmﬂ?@iﬁ@w%%ﬂ@bﬂﬁ‘l As the critical nature of the
hazard level gaspCi afRd bt 1o4 BGeHSRNPEefOd bGhiRR Lealing face 550 disposed

in the housing 102. The sealing face 550 is coupled to the housing 102 in a

manner that forces air, flowing through the housing, to pass through the filter
104. In one embodiment, the sealing face 550 is a knife edge for engaging a
fluid seal formed in a frame of the filter 104. 1t is contemplated that the sealing
face 550 may be a flange for seating a gasket, among other configurations
¢ suitable for sealing the filter 104 to the housing 102.

[0039] The housing 102 also includes a biasing mechanism 552. The
biasing mechanism 552 generally urges the filter 104 against the sealing face
550 to ensure no by-passage during operation. In one embodiment, the biasing
mechanism 552 is a linkage clamping mechanism which may be move between
a position that releases the filter 104, and a position that biases the filter against
the sealing face 550. It is contemplated that other configurations of a biasing
mechanism 552 may be utilized that are suitable for holding the filter 104
against the sealing face 550. One contamination housing that may be adapted
to benefit from the invention having both a biasing mechanism, bag ring and
filter access port is a FB HOUSING™, available from Camfil Farr, Inc., located
in Washington, North Carolina.
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systens continues to increase, containnent systens, such as the invention
descri bed herein having mnim zed | eak potential, will becone a necessity
for protecting technicians and the areas surrounding the labs utilizing
these systens. [0037] Continuing to refer to Figures 2 and 5, a bag ring
530 circunscribes the filter access port 522. The ring 530 provides a
nmounting flange for a bag (optionally with gloves) 532 may be utilized to
renove and/ orfo@or es Figure Zld'eplctsoanothrir érhisodiroersti ofga tOGtaasndm aystem 70k art .

This method f i Ly K
bag-1m,  bag B0, MR ety s oh@ritoyBn: RoB Befraln oo °°
Patent No. 4,skailard64he bPaRRTOTFigurbs DI exdd visrgpe fes ajstom ealisdd.digai nst a

seal ing face 550 osed hou5|n 2. The lin e.550. is
coupl ed 1o HECHRnERE STt 2 WA Lkt E1d PR aesbBuS it BRI BT ough ¢ ne
housing, to massntémwnmﬁmztri@eccfmfehﬁcrnal d€hningnpractices st anbag withhgovgsal i ng
face 550 is a k if?E eg e {agr ené:) n'?rg fluid seal forned in a frane of the
filter 104. guc S g?rﬁ SRV ALFI9YRS- seal i ng face 550 may be a fl ange
for seating a{oaaﬁketrh@rrarc@nmimﬁént GYSteimdhvitlg QNcast Gne WitbgiateR! d@ﬁpa@@l ing the
filter 104 to thﬁft g‘ﬁl ng 10?2# éq(‘)%gg The housgag 102 al so incl ud(??
bi asi ng mechafP¥ReEHEL haRA sybstant etipthinguertiosige ARH LPFY CQiPRAEed (he fil ter
104 agai nst t&ﬁwéﬁtﬂinbngcd‘n@éiﬁmeﬁﬁ%y%@n%nsumréwebym@%aﬂ@ ogeration.
I n one enbodi nent, bi asi ng. nmechani sm 552 is | i nkage cl a éﬁigeﬁ

‘tlter

mec hgreu sm whi %‘HO?F&V 'B%C'ﬁ‘ﬂ!?@" B@Hﬁ@éh‘e tosting off @ filtar t"n'é?t '“ﬁ@"@‘&@@“

104, and a poéﬁérétﬁi?nat [5RbticH 88 & fifk ki e, RERbAT teblit)SAfolinBpdriie 550. 1t
is contenplated that other configurations bi asi ng mechanl sm 2 may be
utilized thattharkousing: apd eexpesingolhai afgatdwnstre@reroflﬁw filgyaionthe fiste 06eal i ng
face 550. One,gf iﬂ igigt i on housing that may be adapted to benefit fromthe
i nvention haV| ng a biasing nechanism bag ring and filter access port
is a FB HOUSI NGT"' , avallable fromCanfil Farr, Inc., located in

Washi ngton, North Carolina. 10 [0040] Figure 7 depi cts anot her enbodi nent of
a contai nment system 700
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havi ng i ntegrated danpers 118. The a contai nnent system 700 is generally
simlar to the systemof Figures 2-6, except wherein the system 700 incl udes
a second access port 702 with bag ring 704 to accommbdat e manual testing of
the filter 104 utilizing conventional scanning practices using a bag with

gl oves, suc he bag 532 shown in Figure 5. [0041] Thus, a contai nnment
systen1havi43¥giﬁieast one integrated danper is provided that has a
substantial reduction in overall size and cost conpared to conventi onal
cont ai nment systens. Mreover, enbodi nents having an C autoscan mechani sm

t hat enabl e t.est iAty asfosol finixirg plenurnsfor natfifratian Isystem, othe( @egesol mixing

oper ati onal ion .the final users site, not bench testing) w thout
openi ng thélﬁiﬁéicﬁwpiﬁwgexposi ng the area downstreamof the filter to the

risk of contam rahéuing AdvikgAhMiflol- inleh apeit@eel m xing plenum for a
filtration system the aerosol m xi ng pl enum conpri sing: a housi ng havi ng
an airflow inlet agllef gxiendinadsemdhe Brugingiang aresmsering 3o intef apedture;
circunscribing t i ; IS i : j nd
posi 1 onabl e to cerapPl ARPBEed rPine foushiEbgha SosRaRatte 18 Solibilalsedfir®

i njection riinigt dpsiweedndn t he housi ng between the danper and the inlet

aperture. 2. The apparatus. of. claim1, erein the d er ves axi all
Rt ive to a cdmastopohiaierof Hiao ditosPd T herpsing BrBtasy BF Qarapenand’
wher ei n the agiNeCipdritir€ction ring is disposed in the collar upstream of

t he bubbl e-tight danper. 4. The apparatus of claim3, wherein the aerosol
injection ring further conprises: a plurality of aerosol injection holes

having a radial | el ol §UALL 9 nSrei e BRRBERHR G il Matve B © "

i
t he aerosol 'nj ectr\
center line of the collar.

3. The apparatus of claim 1, wherein the aerosol injection ring is disposed in

the collar upstream of the bubble-tight damper.

4, The apparatus of claim 3, wherein the aerosol injection ring further
comprises:

a plurality of aerosol injection holes having a radially inward orientation.

5. The apparatus of claim 1, wherein the aerosol injection ring is disposed in

the housing outward of the collar.

6. The apparatus of claim 2, wherein the damper further comprises:
a sealing element that provides a bubble-tight seal when the damper is in

a closed position.

7. The apparatus of claim 6, wherein the bubble-tight damper further
comprises:

a substantially conical body.
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t he housing outward of the collar. 6. The apparatus of claim2, wherein the
danper further conprises: a sealing elenent that provides a bubble-tight
seal when the danper is in a closed position. 7. The apparatus of claim®6,
wherein the bubble-tight danper further conprises: a substantially conical
body. 12 8. The apparatus of claim7, wherein the conical body is in

conical, ellipsoidal, hem spherical or rounding form 9. The apparatus of
claim6, whegein trhe as.bénafusf LFt B@rmcwmne?sﬁa théd ddrical 10edy i APRAARGNS Of
claim9, wherein the sealing el enent of danper engages the |ip when in

the cl osed pé&dipseigal, hgmlsmlcawarpaﬂd@gdorrm ai m 10, wherein the danper is
linearly novable wthout rotation. 12. The apparatus of claim 11, wherein
the sealing elenent further conprises: a gel-filled track. 13. An aerosol

m xi ng pl enud f or Taefapbbrats oficlais 6ewhetdie tieetaliap furthexicoghpriseenum
conprising: a hou5|ng having an airflow inlet aperture and an airflow outl et
aperture; a collaf @xtendlng fromthe housing and circunscribing the airfl ow
inlet aperture; a bubble-tight danper disposed in the housing and
positionable to selectively seal the inlet aperture; and a first aerosol
injection ring.di §'besa1bairatushef clairh &3,. whérkin The seppieg atlerseof ot ltlaé abier
further conpr|5|n a fllﬁer seal in portlon di sposed in the housing between

the airflow £APRYES tsdinwipen i e g, RISHRN- out I et aperture. 15. The

apparatus of claim 13, wherein the bubble-type danper noves axially

11.  The apparatus of claim 10, wherein the damper is linearly movable without

rotation.

12.  The apparatus of claim 11, wherein the sealing element further comprises:

a gel-filled track.

13.  An aerosol mixing plenum for a filtration system, the aerosol mixing
plenum comprising:

a housing having an airflow inlet aperture and an airflow outlet aperture;

a collar extending from the housing and circumscribing the airflow inlet
aperture;

a bubble-tight damper disposed in the housing and positionable to
selectively seal the inlet aperture; and

a first aerosol injection ring disposed in the collar.

14.  The apparatus of claim 13, further comprising:
a filter sealing portion disposed in the housing between the airflow inlet

aperture and the airflow outlet aperture.

15.  The apparatus of claim 13, wherein the bubble-type damper moves axially

without rotating relating to a center line of the collar.
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Wi thout rotating relating to a center line of the collar. 13 16. The
apparatus of claim 13, wherein the first aerosol injection ring further
conprises: a plurality of aerosol injection holes having a radi al
orientation. 17. An aerosol mxing plenumfor a filtration system the
aerosol mxing plenum conprising: a housing having an airflow inlet
aperture; a collar extending fromthe housing and circunscribing the inlet

aperture; adf6lp Theragbaratushef claih a8, whelsibithee fitst glerostanmjectish spggadhérn t he
housi ng and positionable, wthout rotating, to selectively seal the inlet
aperture by &RHHYSRE with the lip formed in the collar; and an aerosol

i nj ection ring di gnas@sli df dh6sdIMELih RAEWRSANG Reralpbligntatight danper and
the inlet aperture&gl& le(ﬂe appar at us o%cﬁ?mﬁ?, a\/\ﬁgrei n tlhe aer osol

injection ring further conprises: a plurality of aerosol injection holes
havi ng a radi

wherein the ﬂglnlb%léln[]:gg{:f?soﬂs{hﬁg{ga% afé?éﬂ RﬂFat'r%E‘P%%%&S’t Eagle,rg)iﬁae%iﬂnﬂe of
the collar. Jdenum comprising:
a housing having an airflow inlet aperture;
a collar extending from the housing and circumscribing the inlet aperture;
a lip formed in the collar;
a bubble-tight damper disposed in the housing and positionable, without
rotating, to selectively seal the inlet aperture by engaging with the lip formed in
the collar; and
an aerosol injection ring disposed in the housing between the bubble-tight

damper and the inlet aperture.
18. The apparatus of claim 17, wherein the aerosol injection ring further
comprises:

a plurality of aerosol injection holes having a radially inward orientation.

19. The apparatus of claim 17, wherein the bubble-tight tamper moves axially
relative to a center line of the collar.
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